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A. General Information

Materials. Commercial reagents were used as received. All solvents were used after being freshly
distilled, unless otherwise noted.

| nstrumentation. Proton nuclear magnetic resonance ('"H NMR) spectra and carbon nuclear magnetic
resonance (°C NMR) were obtained using a Varian Inova (500 MHz) spectrometer. Chiral Super-
Fluid Chromatography (SFC) Analysis was performed on a Berger Instrument. Infrared spectra were
obtained using a Mattson Galaxy Series FTIR 3000 spectrophotometer.

General Procedures. All reactions were conducted in oven or flame-dried flasks under nitrogen
atmosphere. Stainless steel needles and cannulae were used to transfer air and moisture sensitive
liguids. Unless otherwise specified, flash chromatography was performed using silica gel 60 (230-400
mesh) from EM Science. The molarities indicated for organolithium reagents were established by
titration with BHT and phenanthroline.
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B. Synthesis of Catalyst 5
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(R)-2-phenylpyrrolidine hydrochloride (8). To a flask charged with (R)-2-phenyl-N-Boc-pyrrolidine
(1.51 g, 6.12 mmol), was added CH,Cl, (10 mL) followed by HCI in dioxane (7.6 mL, 30.6 mmol,
4N). The solution was stirred at rt for 3 h at which time it was concentrated in vacuo and subjected to
high vacuum (<1 Torr) for 2 h to afford the crude salt as a colorless solid which was of sufficient
purity for further use in a subsequent step.
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tert-butyl  (S)-1-oxo-3-phenyl-1-((R)-2-phenylpyrrolidin-1-yl)propan-2-ylcarbamate (9). A
CH,Cl, (10 mL) solution of HBTU (2.20 g, 5.81 mmol), Boc-(L)-Phenylalanine (1.54 g, 5.81 mmol),
and diisopropylamine (3.0 mL, 16.71 mmol) was added to a CH)Cl, solution of (R)-2-
phenylpyrrolidine hydrochloride 8 (crude product from previous step, assume ~6.2 mmol) in CH,Cl,
(10 mL). An additional 10 mLs of CH,Cl, was used to rinse any reagent residue to ensure complete.
The resulting heterogeneous mixture was stirred under N, at rt for 18 h. The reaction is diluted with
Et,0 (200 mL), and washed with 0.5N HCI (2x 100 mL). The acidic aqueous layer is extracted with
100 mL Et,0O, and the combined organics are washed with saturated aqueous NaHCO; (1x 150 mL)
and brine (1x 50 mL). The organics are dried over MgSQOs, filtered, and concentrated in vacuo. The
oily residue was purified on silica gel (8:2 CH,Cl:EtOAc) to yield 2.28 g (95% yield from (R)-2-
phenyl-N-Boc-pyrrolidine) of 9 as a colorless foam: [0]]**p = +110 (¢ = 1.8 g/100 mL, MeOH); 'H
NMR (500 MHz, CDCls, 1:1 mixture of rotamers) 7.42—7.12 (m, 20H); 6.62—6.59 (m, 2H); 5.43 (d, J=
6.5 Hz, 1H); 5.34 (d, J=9.5 Hz, 1H); 5.12 (d, J= 8.5 Hz, 1H); 5.08 (d, J=9.0 Hz, 1H); 4.74 (dd, J =
16.5, 7.5 Hz, 1H); 4.47 (ddd, J = 9.0, 9.0, 4.5 Hz, 1H); 3.87-3.76 (m, 4H); 3.04 (d, J = 7.5 Hz, 2H);
2.76 (dd, J - 16.5, 7.5 Hz, 1H); 2.58 (m, 3 H); 2.07-1.94 (m, 4H); 1.82—-1.75 (m, 2H); 1.56—1.47 (m,
1H) 1.50 (s, 9H); 1.36 (s, 9H); *C NMR (125 MHz, CDCl;, mixture of rotamers) & 172.3, 170.5,
155.7, 155.4, 144.1, 142.8, 137.1, 136.9, 129.8, 129.4, 129.2, 128.7, 128.5, 129.3, 127.7, 127.2, 126.8,
126.5, 126.1, 125.6, 79.9, 79.6, 61.9, 60.8, 54.1, 53.3, 47.5, 47.3, 39.8, 39.0, 36.5, 34.1, 28.55, 28.47,
23.3, 22.1, 21.3; IR (film) 2977, 1707, 1636, 1494, 1449, 1365, 1170 cm™'; HRMS (ESI) calcd for
C24H30N,03 (M+H) mvVz 395.2329; found 395.2340.
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(S)-2-amino-3-phenyl-1-((R)-2-phenylpyrrolidin-1-yl)propan-1-one hydrochloride (10). To a flask
charged with 9 (2.28 g, 5.78 mmol), was added CH,Cl, (10 mL) followed by HCI in dioxane (7.5 mL,
30.0 mmol, 4N). The solution was stirred at rt for 3 h at which time it was concentrated in vacuo and
subjected to high vacuum (<1 Torr) for 2 h to afford the crude salt 10 as a colorless solid which was of
sufficient purity for further use in a subsequent step.
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(S)-2-isothiocyanato-3-phenyl-1-((R)-2-phenylpyrrolidin-1-yl)propan-1-one (11). To a solution of
crude 10 (~5.81 mmol) in CH,Cl, (20 mL) at 0 °C was saturated aqueous NaHCOj3 (20 mL), and the
biphasic mixture was stirred vigorously (~500 rpm) for 10 minutes. The stirring was stopped, and
thiophosgene (1.5 mL, 5.8 mmol) was added via syringe to the organic layer. Immediately, vigorous
stirring was restored, and the reaction is removed from the ice bath, and allowed to stir for 30 min at
room temperature. The layers were separated and the aqueous layer extracted with CH,Cl, (2 x 50
mL). The combined organics were dried (Na,SO,), filtered, concentrated in vacuo, and subjected to
high vacuum (<1 Torr) for 10 min, to afford isothiocyanate 11 as an orange oil. The isothiocyanate is

sufficiently pure to use in the next step.
Py o
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1-((1R,2R)-2-aminocyclohexyl)-3-((S)-1-oxo-3-phenyl-1-((R)-2-phenylpyrrolidin-1-yl)pr opan-2-
yDthiourea (12). In a flame-dried 100 mL round-bottomed flask, (R,R)-1,2-cyclohexanediamine (1.00
g, 8.71 mmol) was dissolved in anhydrous CH,Cl, (20 mL). A CH,Cl, solution of isothiocyanate 11
(5 mL, 1.2 M) was added dropwise to this solution via syringe over 5 minutes. Additional (3 x 2 mL)
portions of CH,Cl, were used to effect quantitative transfer of 11. The solution is maintained at room
temperature for 3 h, and poured into water (10 mL). The layers are separated and the organic layer
dried (Na,SOjs), concentrated in vacuo, and the resulting residue purified by silica gel chromatography
(10:1 CH,Cl,:MeOH-10:1:0.1 CH,Cl,:MeOH:NH4OH) to yield 1.83 g (70 % from 8) of 12 as a tan
foam. '"H NMR (500 MHz, CDCls, 1:1.6 mix of rotamers) 7.42-7.30 (m, 18H); 7.26-7.20 (m, 4.8H);
7.13-7.08 (m, 2.6H); 6.61 (br s, 1.6H); 6.60 (br s, 1H); 6.01 (d, J= 6.5 Hz, 1H); 5.49 (dd, J=9.0, 5.5
Hz, 1.6H); 5.19 (d, J = 7.0 Hz, 1.6); 5.19-5.16 (m, 1H); 4.13 (br s, 1.6H); 3.83-3.78 (m, 2.6H); 3.28
(d, J=5.5 Hz, 1H); 3.25 (d, J= 5.5 Hz, 1H); 3.16 (dd, J = 12.5, 10.0 Hz, 1.6H); 2.72 (dd, J = 14.5,
10.0 Hz, 1H); 2.68-2.60 (m, 1.6H); 2.59-2.42 (m, 2.6H); 2.20-19.0 (m, 18H); 1.89-1.59 (18H); 1.58—
1.46 (m, 1.6H); 1.32-1.20 (m, 3.2 H); 1.20-1.02 (m, 4H); °C NMR (125 MHz; CDCls, mixture of
rotamers) O 182.8, 182.5, 143.8, 142.2, 136.6, 136.0, 129.5, 129.1, 128.9, 128.5, 128.3, 128.0, 127.4,
127.2, 126.8, 126.3, 126.0, 125.4, 61.9, 61.0, 57.5 (br), 47.6, 46.9, 39.3 (br), 38.0 (br), 36.1, 34.8 (br),
34.2 (br), 33.9, 32.0, 24.8, 24.69, 24.67 (br), 22.1 (br), 21.8; IR (film) 3308, 3062, 2929, 2855, 1626,
1543, 1449 cm 'l; HRMS (ESI) caled for Cy6H3sN4OS (M+H) mVz451.2526; found 451.2548.
OH

SiEty

4-tert-butyl-2-(triethylsilyl)phenol (13). To a flask charged with 2-bromo-4-tert-butylphenol (4.36 g,
19.03 mmol) was added imidazole (1.94 g, 28.54 mmol); 4-dimethylaminopyridine (0.23 g, 1.90
mmol) followed by chlorotriethylsilane (3.8 mL, 22.80 mmol). The heterogeneous mixture was stirred
vigorously for 3 h at rt, then diluted with Et,O (50 mL) and the mixture partitioned between Et,O (100
mL) and sat. ag. NH4Cl1 (100 mL). The layers were separated and the aqueous layer was extracted with
Et,0 (2x100 mL). The combined organic fractions were washed with brine (100 mL), dried (MgSQOy)
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and concentrated in vacuo to provide a colorless oil which was of sufficient purity for the following
step.

To a flame-dried flask under N, charged with the silyl-protected phenol (generated in the
previous step ~19 mmol), was added THF (200 mL) and resulting solution was cooled to —78 °C. A
hexanes solution of n-BuLi (9.8 mL, 24.4 mmol, 2.5 M) was added via syringe over 5 minutes. The
solution was maintained at —78 °C for 1 h and then quenched by pouring into saturated aqueous
NH4CI. The resulting mixture was partitioned between Et,O (100 mL) and sat. aq. NH4C1 (100 mL).
The layers were separated and the aqueous layer was extracted with Et;O (2x100 mL). The combined
organic fractions were washed with brine (100 mL), dried (Na,SO4) and concentrated in vacuo. The
resulting residue was purified via silica gel chromatography (10:1 hexanes:EtOAc) to yield 5.02 g
(99% yield) of 13 as a colorless oil: "H NMR (500 MHz, CDCl;) 7.36 (d, J= 3.0 Hz, 1H); 7.23 (dd, J =
8.0, 2.0 Hz, 1H); 6.61 (d, J= 9.0 Hz, 1H); 1.30 (s, 9H); 0.98 (t, J= 8.0 Hz, 9H); 0.86 (q, J = 8.0 Hz,
6H); *C NMR (125 MHz, CDCl3) § 158.2, 142.5, 133.0, 127.3, 121.5, 113.9, 34.0, 31.6, 7.57, 3.64; IR
(film) 3539, 2875, 1593, 1488, 1386, 1264, 1071, 733 cm’'; ; HRMS (CI) caled for C;sH3NOSi
(M+NH4) myz 282.2253; found 282.2239.

SiEty

5-tert-butyl-2-hydr oxy-3-(triethylsilyl)benzaldehyde (14).! A 3-neck, 500 mL flask with an attached
condenser was charged with 13 (5.02 g, 19.0 mmol); paraformaldehyde (1.44 g, 48.0 mmol) and
MgCl, (3.65 g, 38.4 mmol). THF (200 mL) was added, followed by Et;N (5.35 mL, 38.4 mmol). The
resulting yellow slurry was heated at reflux for 20 h. The mixture was then cooled to rt, and 10% HCI
(aqueous, 200 mL) was added, followed by Et;O (200 mL). The layers were separated and the
remaining organic layer was washed with an additional portion of 10% aqueous HCI (100 mL), then
washed with sat. aqueous NaHCO; (3x100 mL), brine (100 mL) , dried (Na,SO4) and concentrated in
vacuo. The residue was purified on silica gel (10:1 hexanes:EtOAc) to yield 4.57 g (86% yield) of 14
as a colorless oil. "H NMR (500 MHz, CDCl3) 11.17 (s, 1H); 9.87 (s, 1H); 7.65 (d, J = 2.5 Hz, 1H);
7.48 (d, J=2.5 Hz, 1H); 1.33 (s, 9H); 0.97 (t, J = 8.0 Hz, 9H); 0.88 (q, J = 8.0 Hz, 6H); *C NMR (125
MHz, CDCl5) 6 197.3, 164.8, 142.1, 141.6, 131.1, 125.6, 119.1, 34.3, 31.5, 7.72, 3.53; IR (film) 2955,
2875, 2833, 2732, 1658, 1606, 1583, 1401, 1262, 1006, 869 cm™'; HRMS (ESI) calcd for C17H,50,Si
(M+H) mvz293.1931; found 293.1938.
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1-((1R,2R)-2-((E)-5-tert-butyl-2-hydr oxy-3-(triethylsilyl)benzylideneamino)cyclohexyl)-3-((S)-1-

oxo-3-phenyl-1-((R)-2-phenylpyrrolidin-1-yl)pr opan-2-yl)thiourea (5). A flame-dried 100 mL flask
was charged with 12 (0.98 g, 2.18 mmol), aldehyde 14 (0.64 g, 2.18 mmol), and freshly flame-dried
Na,S04 (2.0 g, 14.2 mmol). The flask was sealed with a rubber septum, placed under N, and CH,Cl,
(10 mL) was added. The mixture was stirred at rt for 18 h, concentrated in vacuo and purified with a

! Procedure adapted from T. V. Hansen, L. Skattebel, Tetrahedron Lett. 2005, 46, 3829—3830.
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PLUG of acitivity III basic alumina® (3:1 hexanes:EtOAc) to yield 1.47 g (93% yield) of 5 as a yellow
crystalline solid.” "H NMR (500 MHz, CDCls, mixture of rotamers only diagnostic peaks reported)
12.90 (br s, 1H); 12.72 (br s, 1H); 8.27 (br s, 1H); 8.21 (br s, 0.6 H); 7.44-7.40 (m, 1.6H); 7.35-7.09
(m, 18H); 7.03-6.92 (m, 1.6H); 6.52 (d, J= 6.0 Hz, 1H); 6.00 (br s, 0.6H); 5.57 (br s, 0.6H); 5.34 (br s,
1H); 5.03 (d, J = 6.0 Hz, 1H); 3.80-3.60 (m, 3H); 2.95-2.80 (m, 3H); 2.58-2.50 (m, 1H); 2.40-2.30
(m, 1H); 2.30-2.24 (m, 0.6H); 1.85-1.50 (m, 12.6H); 1.40-1.10 (m, 14H), 1.30 (s, H); 1.00-0.72 (m,
30H); °C NMR (125 MHz, CDCl;, mixture of rotamers, only prominent peaks reported) & 197.1,
165.6, 164.6, 164.0, 163.7, 143.4, 141.3, 140.2, 140.1, 136.4, 136.1, 130.9, 129.6, 129.5, 129.3, 128.9,
128.3, 128.2, 127.9, 127.3, 126.8, 126.6, 126.2, 125.9, 125.5, 123.7, 118.9, 117.0, 61.8, 60.9, 47.4,
46.9,39.2,35.9,33.9,31.6,31.4,31.3,22.4,21.77.64, 7.59, 7.46, 3.4, 3.3; IR (film) 3269, 2953, 2873,
1629, 1449, 1263, 733 cm'l; LRMS (ESI) caled for C43HgoN4O,SSi (M+H) vz 725.4; found 725.9.

C. Preparation of N-acyliminium ion precursors
(0]

BnN 7
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1-benzyl-5-oxopyrrolidin-2-yl acetate (6a). To a flame-dried 50 mL round bottom was added 1-
benzyl-5-hydroxypyrrolidin-2-one (1)* (1.03 g, 5.37 mmol), 4-(dimethylamino)pyridine (0.06 g, 0.54
mmol) and a stir bar. The flask was sealed with a rubber septum and placed under N, atmosphere.
CH,Cl; (20 mL) was added followed by Et;N (0.97 mL, 6.98 mmol) and acetic anhydride (0.56 mL,
5.90 mmol). The solution was maintained at rt for 1 h, at which time it was concentrated in vacuo and
purified through a short column of activity III alumina to yield 1.24 g (99% yield) of 6a as a colorless
oil. This oil was unstable neat at rt, but could be stored indefinitely as a solution in TBME at —30 °C
(solution was stable at rt for several hours, which was long enough for set up of addition reactions). 'H
NMR (500 MHz, CDCls) 7.34-7.29 (m, 2H); 7.23-7.28 (m, 3H); 6.13 (d, J=6.0 Hz, 1H); 4.72 (d, J=
15.0 Hz, 1H); 4.20 (d, J= 15.5 Hz, 1H); 2.64 (ddd, J = 18.0, 10.0, 10.0 Hz, 1H); 2.41 (ddd, J=17.0,
10.0, 2.0 Hz, 1H); 2.32-2.22 (m, 1H); 2.02-1.98 (m, 1H); 1.91 (s, 3H); °C NMR (125 MHz, CDCl3) &
175.5, 170.5, 136.3, 128.6, 128.3, 127.7, 84.2, 44.6, 28.3, 26.0, 20.9; IR (film) 2933, 1742, 1716, 1444,
1419, 1237, 1173 cm™'; HRMS (ESI) calcd for C13HgNO; (M+H) mVz 234.1125; found 234.1121.
o

AcO

1-benzyl-6-oxopiperidin-2-yl acetate (6b). The product was prepared from 1-benzyl-6-
hydroxypiperidin-2-one on 5.74 mmol scale in a similar manner to that described for the preparation of
6a. This procedure yielded 1.41 g (99% yield) of 6b as a colorless oil. '"H NMR (500 MHz, CDCl5)
7.32-7.28 (m, 2H); 7.27-7.22 (m, 3H); 6.10-6.06 (m, 1H); 4.97 (d, J=15.0 Hz, 1H); 4.19 (d, J=15.0
Hz, 1H); 2.68-2.59 (m, 1H); 2.49-2.40 (m, 1H); 2.11-2.00 (m, 1H); 2.00—1.94 (m, 1H); 1.92 (s, 3H);
1.86-1.76 (m, 2H); >C NMR (125 MHz, CDCl3) § 170.5, 170.2, 137.1, 128.5, 128.2, 127.4, 80.6,

* Activity III basic alumina is prepared by the addition of 6% by weight water to Brockman Alumina
Acitivty L.

? It is possible to observe small amounts of aldehyde 14 in the final '"H NMR of the catalyst 5. These
result from both minor hydrolysis of the final catalyst in the '"H NMR solvent, and/or from
measurement error in conducting the final experiment in the catalyst synthesis. This contaminant does
not have any deleterious effect on the catalytic reaction.

*J. C. Hubert, J. B. P. A. Wunberg, W. N. Speckamp, Tetrahedron 1975, 31, 1437—1441.
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48.1, 32.2, 28.3, 20.9, 16.2; IR (film) 2957, 1736, 1664, 1452, 1234, 1180, 962 cm™'; HRMS (ESI)
calcd for C14H7NO3; (M+H) m/z 248.1281; found 248.1282.
(@]

MeN

AcO
1-methyl-5-oxopyrrolidin-2-yl acetate (6¢). The product was prepared from 5-hydroxy-1-
methylpyrrolidin-2-one (0.60 g, 5.2 mmol) as described for 6a. The product 6C was extremely unstable
but could be quickly purified on activity III alumina (8:2:0.5 CH,Cl,:EtOAc:Et;N). The product 6¢
could not be detected by thin layer silica gel chromatography, as it decomposed on the plate. It was
imperative to use 6C immediately upon production as prolonged storage resulted in decomposition. The

product was consistent with previously reported data.’
O

AcO

1-methyl-6-oxopiperidin-2-yl acetate (6d). The product was prepared from 6-hydroxy-1-
methylpiperidin-2-one on 2.76 mmol scale in a similar manner to that described for the preparation of
6a. This procedure yielded 0.11 g (23% yield) of 6d as a colorless oil. The product 6d decomposed
during thin layer chromatography. It was imperative to use 6d immediately upon production as
prolonged storage resulted in decomposition. 'H NMR (500 MHz, CDCls) 6.07-6.05 (m, 1H); 2.92 (s,
3H); 2.58-2.49 (m, 1H); 2.39-2.31 (m, 1H); 2.08 (s, 3H); 2.02-1.91 (m, 3H); 1.80-1.74 (m, 1H); °C
NMR (125 MHz, CDCl3) 6 171.5, 170.7, 83.2, 33.4, 32.3, 28.4, 21.3, 16.7; IR (film) 2956, 1735, 1664,
1399, 1374, 1228, 1050, 982 cm’.

D. General Procedurefor the synthesis of racemic 5-(1H-indol-3-yl)pyrrolidin-2-ones
(@]

BnN
[ H
M

A 1l-dram glass vial was charged with indole (9 mg, 0.08 mmol), 1,3-bis(3,5-
bis(trifluoromethyl)phenyl)thiourea® (3 mg, 8 umol), and hydroxy-lactam 1 (15 mg, 0.08 mmol). The
vial is sealed with a teflon cap and CH,Cl, (0.4 mL) is added and the solution cooled to —78 °C. A
CH,Cl; solution of TMSCI (0.10 mL, 0.15 mmol, 1.6 M) is added and the solution is allowed to warm
to 0 °C and maintained at this temperature for 18 h. Saturated aqueous NaHCO; (0.2 mL) is added and
the layers separated. The organic layer is loaded directly onto a silica gel column (8:2 CH,Cl,:EtOAc)

and purified to give 18 mg (80 % yield) of racemic product 2a. See enantioenriched procedure for
spectral data.

E. General Proceduresfor the preparation of enantioenriched 5-(indol-3-yl)pyrrolidin-2-ones (2).
Method A. A 10 mL, flame-dried round bottom flask was charged with indole (0.040 g, 0.343 mmol),

catalyst 5 (0.012 g, 0.017 mmol) and sealed with a rubber septum. The flask was flushed with N, and
anhydrous TBME (1.6 mL) was added. The resulting yellow solution was cooled to —78 °C, and a

Y. Nagao, W.-M. Dai, M. Ochiai, M. Shiro, Tetrahedron 1990, 46, 6361-6380.
% Achiral thiourea catalyst: M. Kotke, P. R. Schreiner, Tetrahedron 2006, 62, 434—439.
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TBME solution of acetoxy-lactam 6 (0.65 mL, 0.34 mmol, 0.53 M) was added. Next, TBME solutions
of TMSCI (0.43 mL, 0.69 mmol, 1.6 M) and H,O’ (0.20 mL, 0.03 mmol, 0.14 M) were added
sequentially and the solution was warmed to —30 °C and stirred for 24 h. Next, the heterogeneous
solution is quenched by the addition of an EtOH solution of NaOEt (0.2 mL, 21 wt%), followed by
immediate addition of water (1 mL). The mixture is allowed to warm to rt and is diluted with EtOAc
until all solid dissolves (amount depends on particular product ~5—10 mL). The layers are separated
and the organic layer is dried (Na,SO4) and concentrated in vacuo. See individual products for
purification procedures.

Method B. A 10 mL, flame-dried round bottom flask was charged with indole (0.040 g, 0.343 mmol),
catalyst 5 (0.012 g, 0.017 mmol) and sealed with a rubber septum. The flask was flushed with N, and
anhydrous TBME (1.6 mL) was added. The resulting yellow solution was cooled to —78 °C, and a
TBME solution of acetoxy-lactam 6 (0.65 mL, 0.34 mmol, 0.53 M) was added. Next, a TBME solution
of BCl; (created by adding 0.2 mL of 1.0 M BCl; in hexanes into 5 mL of TBME) (0.86 mL, 0.034
mmol, 0.04 M) was added and the solution was warmed to —30 °C and stirred for 48—96 h. Next, the
heterogeneous solution is quenched by the addition of an EtOH solution of NaOEt (0.2 mL, 21 wt%),
followed by immediate addition of water (1 mL). The mixture is allowed to warm to rt and is diluted
with EtOAc until all solid dissolves (amount depends on particular product ~5—10 mL). The layers are
separated and the organic layer is dried (Na,SO4) and concentrated in vacuo.

A note on purification by the trituration procedure: We have observed that trituration from Et,O
leads to further enantiomeric enrichment. The product remaining in the mother-liquor is consequently
enriched in minor diastereomer. We hypothesize that the catalyst interacts selectively with the minor
enantiomer, further stabilizing it in solution. Independent experiments were conducted where alumina-
purified product 2a (93%ee) was subjected to 10 mol% catalyst, triturated from Et,O (3x5 mL) and the

remaining product was analyzed to be 98% ee.
(@]

BnN
| H

N
H

(R)-1-benzyl-5-(1H-indol-3-yl)pyrrolidin-2-one (2a). The product was prepared by Method A and
was scaled to 3.15 mmol. The crude product (93%ee) was purified by trituration from Et,O (3x10 mL)
to yield 2a (0.854 g, 90% yield) as a colorless crystalline solid. This material was determined to be
99% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) = 3.79
min, t(major) = 5.80 min. [a]*p = —49° (c = 1.3 g/100mL, MeOH); 'H NMR (500 MHz, ds-DMSO)
11.12 (s, 1H); 7.42 (d, J= 8.5 Hz, 1H); 7.37 (d, J= 7.5 Hz, 1H); 7.32-7.26 (m, 4H), 7.14 (dd, J= 7.5,
1.0 Hz, 1H); 7.08 (d, J = 7.0 Hz, 2H); 7.00 (dd, J = 8.0, 1.0 Hz, 1H); 4.83—4.78 (m, 2H); 3.51 (d, J =
15 Hz, 1H); 2.60-2.48 (m, 2H, DMSO overlaps); 2.46-2.38 (m, 1H); 2.17-2.08 (m, 1H); BC NMR
(125 MHz, d¢=DMSO) 6 173.9, 137.1, 136.9, 128.3, 127.5, 127.0, 125.1, 124.2, 121.3, 118.9, 118.2,
113.4,111.9, 54.2, 43.2, 30.1, 26.5; IR (film) 3225, 2925, 1660, 1444, 1264 cm "'; HRMS (ESI) calcd
for C19H9N,O (M+H) m/z291.1497; found 291.1498.

7 The solubility of water in TBME is 1.5 g in 100 mL. The Merck Index, 12" Edition (Eds: S. Budavari
et al), MERCK & Co, Whitehouse Station, NJ, 1996, p 1032.
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MeN
[ H
N

(R)-5-(1H-indol-3-yl)-1-methylpyrrolidin-2-one (2b). The product was prepared by Method A on
0.21 mmol scale. Note that acetoxy-lactam 6cC is extremely unstable and must be used immediately
upon isolation.® The crude product (85%ee) was purified by trituration from 1:1 Et,0O:hexanes (1x10
mL) to yield 2b (0.042 g, 93% yield) as a colorless crystalline solid. This material was determined to
be 86% ee by chiral SFC analysis (ChiralPak AD-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
6.71 min, t(major) = 7.23 min. [0]*’p = —21° (¢ = 0.8 g/100mL, MeOH); 'H NMR (500 MHz, CDCls)
8.28 (br s, 1H); 7.54 (dd, J= 8.0, 1.0 Hz, 1H); 7.41 (ddd, J= 8.5, 1.0, 1.0 Hz, 1H); 7.26 (s, 1H); 7.23
(dd, J=17.0, 7.0, 1.0, 1H); 7.15-7.11 (m, 2H); 4.87 (t, J = 8.0 Hz, 1H); 2.71 (s, 3H); 2.68-2.60 (m,
1H); 2.56-2.42 (m, 2H); 2.24-2.16 (m, 1H); >C NMR (125 MHz, CDCl;) & 175.2, 136.9, 125.2,
122.6, 122.5, 119.9, 118.8, 115.1, 111.7, 57.9, 30.7, 28.0, 26.9; IR (film) 3259, 2927, 1659, 1457,
1267, 1109, 744 cm'l; HRMS (ESI) calcd for Ci3HsN,O (M+H) myz215.1179; found 215.1185.

Me  BnN
| H
N
(R)-1-benzyl-5-(4-methyl-1H-indol-3-yl)pyrrolidin-2-one (2c). The product was prepared by Method
A on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl,:EtOAc) to yield 2c (0.090 g, 86% yield) as a colorless crystalline solid. This material was
determined to be 95% ee by chiral SFC analysis (Pirkle S,S-Whelk, 4.0 mL/min, 220 nm, 15% MeOH,
t(minor) = 6.68 min, t(major) = 8.36 min. [0]**p = —6° (¢ = 0.9 g/100mL, MeOH); '"H NMR (500
MHz, CDCl;) 8.75 (br s, 1H); 7.37-7.29 (m, 4H); 7.19 (d, J = 5.0 Hz, 2H); 7.15 (dd, J= 7.5, 7.5 Hz,
1H); 7.00 (d, J= 2.5 Hz, 1H); 6.88 (d, J= 6.5 Hz, 1H); 5.25 (d, J= 15.0 Hz, 1H); 5.21 (d, J= 6.0 Hz,
1H); 3.92 (d, J = 14.5 Hz, 1H); 2.70-2.60 (m, 1H); 2.52-2.43 (m, 2H); 2.47 (s, 3H); 2.08-2.00 (m,
1H); *C NMR (125 MHz, CDCls) & 175.7, 137.4, 137.0, 130.3, 128.9, 128.6, 127.8, 125.0, 122.7,
121.7, 121.0, 117.2, 109.7, 55.2, 44.8, 29.6, 29.3, 20.9; IR (film) 3281, 2943, 1666, 1441, 1417, 750
cm'l; LRMS (ESI) calcd for CyoH,N,O (M+H) nvz 305.2; found 305.4.
0

BnN

Me
|H

N

H
(R)-1-benzyl-5-(5-methyl-1H-indol-3-yl)pyrrolidin-2-one (2d). The product was prepared by
Method A on 0.34 mmol scale. The crude product was purified by trituration from Et;O (3x2 mL) to
yield 2d (0.082 g, 79% yield) as a colorless crystalline solid. This material was determined to be 91%
ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) = 3.48 min,
t(major) = 5.01 min. [0t]”p = —74° (¢ = 0.4 g/100mL, MeOH); '"H NMR (500 MHz, ds-DMSO) 10.98

¥ Use of a mixture of hydroxylactam and acetoxy-lactam (resulting from hydrolysis of 6c) gave
diminished yield and ee (80% yield, 78% ee).
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(s, TH); 7.30-7.26 (m, 3H); 7.24 (d, J = 7.0 Hz, 1H); 7.19 (d, J = 2.5 Hz, 1H); 7.09 (br s, 1H); 7.05 (d,
J=6.5 Hz, 2H); 6.93 (dd, J= 8.5, 1.5 Hz, 1H); 4.78 (d, J= 15 Hz, 1H); 4.76 (t, 7.0 Hz, 1H); 3.48 (d, J
= 15Hz, 1H); 2.60-2.42 (m, 2H); 2.40-2.31 (m, 1H); 2.34 (s, 3H); 2.13-2.07 (m, 1H); BC NMR (125
MHz, d-DMSO) 6 173.9, 137.1, 135.2, 128.3, 127.5, 127.3, 126.9, 125.4, 124.3, 123.0, 117.8, 112.8,
111.6, 54.2, 43.2, 30.2, 26.4, 21.3; IR (film) 3215, 2921, 1661, 1435 cm'l; LRMS (ESI) calcd for
C20H21N,O (M+H) mvz 305.2; found 305.4.

(0]
BnN

= | H
N
(R)-1-benzyl-5-(5-vinyl-1H-indol-3-yl)pyrrolidin-2-one (2€). The product was prepared by Method
A on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,ClL:EtOAc) to yield 2e (0.090 g, 86% yield) as a colorless crystalline solid. This material was
determined to be 90% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH,
t(minor) = 3.72 min, t{(major) = 4.99 min. [0]**p = —71° (c = 1.1 g/100mL, MeOH); '"H NMR (500
MHz, CDCls) 8.43 (br s, 1H); 7.41-7.35 (m, 3H); 7.28-7.23 (m, 3H); 7.10 (dd, J = 8.0, 2.5 Hz, 2H);
7.00 (d, J= 2.0 Hz, 1H); 6.79 (dd, J=17.5, 10.5 Hz, 1H); 5.67 (d, J=17.5 Hz, 1H); 5.17 (d, J=11.0
Hz, 1H); 5.09 (d, J=15.0 Hz, 1H); 4.78 (dd, J= 8.0, 6.5 Hz, 1H); 3.60 (d, J= 14.5 Hz, 1H); 2.75-2.69
(m, 1H); 2.58 (ddd, J = 17.5, 9.5, 7.5 Hz, 1H); 2.43-2.37 (m, 1H); 2.26-2.18 (m, 1H); *C NMR (125
MHz) ¢ 175.0, 137.5, 136.8, 136.7, 130.0, 128.43, 128.36, 127.3, 125.6, 123.3, 120.6, 117.4, 115.3,
111.7, 111.6, 54.6, 44.2, 30.8, 26.8; IR (film) 3276, 3031, 2925, 1669, 1441, 1411, 1264, 1161 cm™;
HRMS (ESI) calcd for C;;H,1N,O (M+H) mVz317.1654; found 317.1653.
(6]

BnN
[ H
MeO N

(R)-1-benzyl-5-(6-methoxy-1H-indol-3-yl)pyrrolidin-2-one (2f). The product was prepared by
Method A on 0.34 mmol scale. The crude product (80%ee) was purified by trituration from 9:1
Et;O:CH,Cl, (3x2 mL) to yield 2f (0.087 g, 80% yield) as a colorless crystalline solid. This material
was determined to be 98% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20%
MeOH, t(minor) = 4.19 min, t(major) = 6.16 min. [0]”p =—69° (c=0.5 ¢/100mL, MeOH); '"H NMR
(500 MHz, d¢-DMSO) 10.91 (br s, 1H); 7.34-7.30 (m, 2H); 7.27 (d, J= 7.5 Hz, 1H); 7.24 (d, J= 8.5
Hz, 1H); 7.14 (d, J= 2.5 Hz, 1H); 7.09 (d, J= 7.0 Hz, 2H); 6.93 (d, J= 2.0 Hz, 1H); 6.68 (dd, J=9.0,
2.5, Hz, 1H); 4.80 (d, J = 15.5 Hz, 1H); 4.77 (t, J= 7.5 Hz, 1H);’ 3.80 (s, 3H); 3.52 (d, J = 15.0 Hz,
1H); 2.60-2.38 (m, 2H); 2.44-2.36 (m, 1H); 2.15-2.06 (m, 1H); >*C NMR (125 MHz, ds-DMSO) &
173.9, 155.7, 137.7, 137.1, 128.4, 127.5, 127.0, 122.9, 119.3, 118.8, 113.4, 109.2, 94.9, 55.1, 54.3,
43.2, 30.1, 26.5; IR (film) 3280, 2950, 1682, 1454, 1294, 1159, 702 cm™'; HRMS (ESI) calcd for
Cy0H21N,0, (M+H) m/z321.1603; found 321.1595.

(o}

MeN

[| H
N
H

? Part of peak overlapping with another resonance.
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(R)-6-(1H-indol-3-yl)-1-methylpiperidin-2-one (2g). The product was prepared by Method A on 0.29
mmol scale. The crude product was purified on activity III basic alumina (8:2 CH,Cl,:EtOAc) to yield
29 (0.040 g, 60% yield) as a colorless crystalline solid. This material was determined to be 92% ee by
chiral SFC analysis (ChiralPak AD-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) = 3.29 min,
t(major) = 3.89 min. [a]**p = +4° (c = 0.7 g/100mL, MeOH); 'H NMR (500 MHz, CDCl3) 8.34 (br s,
1H); 7.54 (d, J= 7.5 Hz, 1H); 7.41 (d, J= 8.0 Hz, 1H); 7.26 (s, 1H); 7.23 (ddd, J = 8.5, 8.5, 1.5 Hz,
1H); 7.14 (dd, J = 7.5, 7.5 Hz, 1H); 7.00 (d, J = 3.0 Hz, 1H); 4.89 (t, J = 5.0 Hz, 1H); 2.93 (s, 3H);
2.59-2.45 (m, 2H); 2.20-2.09 (m, 2H); 1.87-1.76 (m, 1H); 1.74-1.64 (m, 1H); °C NMR (125 MHz,
CDCl5) 6 170.8, 136.8, 125.4, 122.4, 122.2, 119.8, 118.5, 116.3, 111.6, 57.0, 34.0, 32.3, 30.2, 18.1; IR
(film) 3257, 2947, 1614, 1397, 1246, 742 cm. HRMS (ESI) caled for C14H;;N,O (M+H) nvz
229.1335; found 229.1335.

BnN

| H
N
(R)-1-benzyl-6-(1H-indol-3-yl)piperidin-2-one (2h). The product was prepared by Method A on 0.34
mmol scale. The crude product was purified on activity III basic alumina (8:2 CH,Cl,:EtOAc) to yield
2h (0.073 g, 70% yield) as a colorless crystalline solid. This material was determined to be 93% ee by
chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) = 3.75 min,
t(major) = 5.36 min. [0]*’p = —54° (c= 0.9 g/100mL, MeOH); 'H NMR (500 MHz, CDCl;) 8.54 (br s,
1H); 7.48 (d, J= 7.5 Hz, 1H); 7.42 (d, J = 8.0 Hz, 1H); 7.32-7.21 (m, 4H); 7.18 (d, J = 8.5 Hz, 2H);
7.13 (dd, 3= 8.0, 1.0 Hz, 1H); 7.00 (d, J = 2.0 Hz, 1H); 5.63 (d, J=15.0 Hz, 1H); 4.87 (t, J=5.5 Hz
1H); 3.65 (d, J = 15.0 Hz, 1H); 2.70-2.55 (m, 2H); 2.15-2.10 (m, 1H); 2.09-1.98 (m, 1H); 1.90-1.80
(m, 1H); 1.75-1.66 (m, 1H); °C NMR (125 MHz, CDCl3) § 171.0, 138.0, 137.1, 128.7, 128.2, 127.4,
125.8, 122.7, 122.7, 120.0, 118.9, 116.3, 111.8, 53.7, 47.9, 32.6, 30.4, 18.0; IR (film) 3234, 2949,
1620, 1453, 1414, 732 cm™'; HRMS (ESI) calcd for CooH,1N,0 (M+H) mvz305.1654; found 305.1644.
o

BnN
MeO
| H
N

(R)-1-benzyl-6-(5-methoxy-1H-indol-3-yl)piperidin-2-one (2i). The product was prepared by
Method A on 0.34 mmol scale. The crude product (crude ee = 91%)'° was purified on activity III basic
alumina (8:2 CH,Cl,:EtOAc) to yield 2i (0.099 g, 86% yield) as a colorless crystalline solid. This
material was determined to be 90% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm,
20% MeOH, t(minor) = 3.47 min, t(major) = 4.85 min. [0]*’p = —56° (¢ = 0.6 g/100mL, MeOH); 'H
NMR (500 MHz, CDCl3) 8.53 (br s, 1H); 7.32—-7.24 (m, 4H); 7.18 (dd, J= 7.0, 1.0 Hz, 2H); 6.97 (d, J
= 2.5 Hz, 1H); 6.88 (dd, J=9.0, 2.5 Hz, 1H); 6.86 (d, J= 2.5 Hz, 1H); 5.61 (d, J=15.0 Hz, 1H); 4.83
(t, J=9.5 Hz, 1H); 3.82 (s, 3H); 3.67 (d, J = 14.5 Hz, 1H); 2.67-2.58 (m, 2H); 2.15-1.99 (m, 2H);
1.92-1.82 (m, 1H); 1.74-1.66 (m, 1H); >C NMR (125 MHz, CDCls3) & 170.9, 154.3, 138.0, 132.2,
128.7, 128.2, 127.4, 126.2, 1234, 115.9, 112.8, 112.6, 100.7, 56.1, 53.6, 47.9, 32.6, 30.1, 18.0; IR

' This product is readily racemized on silica gel and even undergoes some loss of ee with quick
purification on activity III basic alumina.
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(film) 3271, 2946, 1625, 1485, 1213, 1170, 800 cm™'; HRMS (ESI) calcd for CoiHx3N>0, (M+H) mvz
335.1760; found 335.1766.

(R)-1-benzyl-6-(5-methyl-1H-indol-3-yl)piperidin-2-one (2]). The product was prepared by Method
A on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,CILy:EtOAc) to yield 2j (0.101 g, 93% yield) as a colorless crystalline solid. This material was
determined to be 94% ee by chiral SFC analysis (Pirkle S,S-Whelk, 4.0 mL/min, 220 nm, 15% MeOH,
t(minor) = 7.95 min, t(major) = 10.54 min. [0]*”p = —54° (¢ = 1.1 g/100mL, MeOH); '"H NMR (500
MHz, CDCls) 8.36 (br s, 1H); 7.32-7.22 (m, 5H); 7.18 (dd, J= 1.5, 8.5 Hz, 2H); 7.06 (dd, J= 8.0, 1.0
Hz, 1H); 6.96 (d, J= 2.0 Hz, 1H); 5.62 (d, J= 14.5 Hz, 1H); 4.84 (t, J= 5.0 Hz, 1H); 3.66 (d, J=15.0
Hz, 1H); 2.69-2.56 (m, 2H); 2.44 (s, 3H); 2.18-2.09 (m, 1H); 2.06-1.99 (m, 1H); 1.90-1.81 (m, 1H);
1.66-1.72 (m, 1H); *C NMR (125 MHz, CDCl3) § 171.0, 138.1, 135.4, 129.3, 128.7, 128.2, 127.4,
126.0, 124.3, 122.8, 118.5, 115.8, 111.5, 53.7,47.9, 32.6, 30.2, 21.8, 18.0; IR (film) 3244, 2946, 2916,
1621, 1451, 1414, 1264 cm'l; LRMS (ESI) caled for C;1H23N,0O (M+H) mVz319.2; found 319.4.
o)

BnN

| H

N
H

(R)-1-benzyl-6-(5-vinyl-1H-indol-3-yl)piperidin-2-one (2k). The product was prepared by Method A
on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2 CH,Cl,:EtOAc)
to yield 2k (0.101 g, 93% yield) as a colorless foam. This material was determined to be 91% ee by
chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t.(minor) = 3.62 min,
t(major) = 4.83 min. [0]*’p = -49° (c= 0.9 g/100mL, MeOH); 'H NMR (500 MHz, CDCl;) 8.49 (br s,
1H); 7.42 (s, 1H); 7.39-7.36 (m, 2H); 7.32-7.22 (m, 3H); 7.17 (dd, J = 8.5, 1.5 Hz, 2H); 6.98 (d, J =
2.0 Hz, 1H); 6.80 (dd, J=17.0, 11.0 Hz, 1H); 5.68 (dd, J=17.5, 1.0 Hz, 1H); 5.62 (d, J = 14.5, 1H);
5.16 (dd, J=11.0, 1.0 Hz, 1H); 4.87 (t, J= 4.5 Hz, 1H); 3.66 (d, J= 15.0 Hz, 1H); 2.70-2.56 (m, 2H);
2.16-2.10 (m, 1H); 2.09-2.00 (m, 1H); 1.90-1.82 (m, 1H); 1.76-1.66 (m, 1H); *C NMR (125 MHz,
CDCls) o 170.6, 137.7, 137.5, 136.6, 129.9, 128.5, 128.1, 128.0, 127.2, 125.7, 122.9, 120.7, 117.0,
116.5, 111.6, 53.3, 47.7, 32.3, 30.0, 17.7; IR (film) 3249, 2947, 1617, 1475, 1354, 1264 cm™'; HRMS
(ESI) calcd for C5,H,3N,0 (M+H) myz331.1805; found 331.1805.

o

BnN

[| H
MeO H
(R)-1-benzyl-6-(6-methoxy-1H-indol-3-yl)piperidin-2-one (2l). The product was prepared by
Method A on 0.34 mmol scale. The crude product (crude ee = 92%)'* was purified on activity III basic
alumina (8:2 CH,Cl,:EtOAc) to yield 2l (0.087 g, 76% yield) as a colorless foam. This material was
determined to be 88% ee by chiral SFC analysis (ChiralPak AS, 4.0 mL/min, 220 nm, 20% MeOH,
t(minor) = 4.66 min, t(major) = 6.54 min. [0]¥p = —45° (= 0.5 g/100mL, MeOH); 'H NMR (500
MHz, CDCl3) 8.43 (br s, 1H); 7.32 (d, J = 9.0 Hz, 1H); 7.32-7.22 (m, 3H);’ 7.17 (d, J = 7.0 Hz, 1H);
6.89 (dd, J=11.5, 2.0 Hz, 1H); 6.79 (dd, J= 8.5, 2.0 Hz, 1H); 5.60 (d, J = 15.0 Hz, 1H); 4.81 (t, J=
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5.0 Hz, 1H); 3.84 (s, 3H): 3.65 (d, J = 15.0 Hz, 1H); 2.67-2.54 (m, 2H); 2.12-1.98 (m, 2H); 1.92-1.82
(m, 1H); 1.72-1.68 (m, 1H); >*C NMR (125 MHz, CDCls) & 170.7, 156.7, 137.8, 137.7, 128.5, 128.0,
127.1, 121.2, 119.9, 119.2, 116.0, 109.8, 94.9, 55.6, 53.5, 47.6, 32.4, 30.2, 17.8; IR (film) 3290, 2949,
1617, 1455, 1414, 1161 cm’'; HRMS (ESI) caled for CoiHasN>O» (M+H) mvz 335.1754; found

335.1759.
o)

N
(R)-1-benzyl-5-(4-fluoro-1H-indol-3-yl)pyrrolidin-2-one (2m). The product was prepared by
Method B on 0.34 mmol scale. The crude product (96%ee) was purified by trituration from Et,O (2x2
mL) to yield 2m (0.066 g, 57% yield) as a colorless crystalline solid. This material was determined to
be 99% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
3.85 min, t(major) = 5.33 min. [0]*’p = —39° (c= 0.7 g/100mL, MeOH); 'H NMR (500 MHz, CDCls)
8.85 (brs, 1H); 7.27-7.17 (m, 4H); 7.14-7.10 (m, 3H); 7.69 (d, J = 2.0 Hz, 1H); 6.77 (dd, J=11.0, 7.5
Hz, 1H); 5.07 (d, J=14.5 Hz, 1H); 4.92 (t,J=7.0 Hz, 1H); 3.72 (d, 3= 15.0, 1H); 2.70 (ddd, J=16.5,
10.5, 6.0 Hz, 1H); 2.53 (ddd, J = 16.5, 10.0, 7.0 Hz, 1H); 2.47-2.39 (m, 1H); 2.22-2.16 (m, 1H); "°C
NMR (125 MHz, CDCl3)'' § 175.6, 157.8, 155.8, 140.1, 140.0, 137.1, 128.7, 128.5, 127.5, 123.4,
123.3, 123.0, 114.9, 114.8, 114.7, 114.5, 107.9, 107.9, 105.5, 105.4, 55.3, 44.6, 30.5, 27.6; IR (film)
3221, 2926, 1661, 1449, 1420 cm™; HRMS (ESI) caled for C1oH;sFN,O (M+H) mvz 309.1403; found

309.1397.
0

Br BnN
‘ H
N
(R)-1-benzyl-5-(4-bromo-1H-indol-3-yl)pyrrolidin-2-one (2n). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,ClL:EtOAc) to yield 2n (0.059 g, 47% yield) as a colorless foam. This material was determined to
be 97% ee by chiral SFC analysis (Pirkle (§S)-Whelk, 4.0 mL/min, 220 nm, 15% MeOH, t{(minor) =
7.22 min, t(major) = 9.39 min. [0]*’p = +10° (c= 0.5 g/100mL, MeOH); "H NMR (500 MHz, CDCls)
9.35 (brs, 1H); 7.37 (d, J= 8.5 Hz, 1H); 7.31-7.24 (m, 3H); 7.19 (d, J= 7.0 Hz, 2H); 7.05 (d, J= 8.0
Hz, 1H);’ 7.03 (d, J = 8.0 Hz, 1H); "’ 6.99 (d, J = 3.0 Hz, 1H); 5.64 (d, J = 7.0 Hz, 1H); 5.15 (d, J =
14.5 Hz, 1H); 3.93 (d, J = 14.5 Hz, 1H); 2.62-2.54 (m, 1H); 2.53-2.41 (m, 2H); 2.12-2.04 (m, 1H);
>C NMR (125 MHz, CDCl3) § 175.9, 138.3, 136.6, 128.6, 128.1, 127.5, 124.6, 124.0, 123.1, 122.2,
116.4, 113.3, 110.9, 54.4, 44.7,29.2, 29.0; IR (film) 3243, 2925, 1667, 1446, 1336, 1186 cm™'; HRMS

(ESI) caled for Ci9H3BrN,O (M+H) m/z369.0602; found 369.0611.
o)

BnN
| H
N
(R)-1-benzyl-5-(5-fluor o-1H-indol-3-yl)pyrrolidin-2-one (20). The product was prepared by Method

B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2

"' Note extra "*C resonances due to C—F coupling.
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CH,Cl,:EtOAc) to yield 20 (0.058 g, 87% yield) as a colorless foam. This material was determined to
be 94% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
3.25 min, t(major) = 4.69 min. [0]¥p =—-69° (c=1.0 g/100mL, MeOH); "H NMR (500 MHz, CDCls)
8.89 (br s, 1H); 7.33 (dd, J= 9.0, 4.5 Hz, 1H); 7.28-7.23 (m, 3H); 7.10-7.06 (m, 3H); 6.97 (ddd, J =
9.0, 9.0, 2.0 Hz, 1H); 5.07 (d, J = 14.5 Hz, 1H); 4.74 (dd, J = 8.0, 7.0 Hz, 1H); 3.59 (d, J = 15.0 Hz,
1H); 2.75-2.67 (m, 1H); 2.59 (ddd, J=18.0, 10.0, 8.5 Hz, 1H); 2.44-2.35 (m, 1H); 2.24-2.15 (m, 1H);,
C NMR (125 MHz, CDCl3)"!' § 175.1, 158.7, 156.8, 136.6, 133.5, 133.3, 128.5, 128.3, 127.4, 125.6,
125.5, 124.7, 124.6, 114.8, 112.4, 112.4, 112.3, 111.0, 110.8, 103.9, 103.7, 54.7, 44.2, 30.8, 26.7; IR
(film) 3270, 1675, 1484, 1445, 1419, 702 cm™; HRMS (ESI) caled for CioH;sFN,O (M+H) mvz

309.1403; found 309.1405.
0

BnN
Br.
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(R)-1-benzyl-5-(5-bromo-1H-indol-3-yl)pyrrolidin-2-one (2p). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl,:EtOAc) to yield 2p (0.102 g, 80% yield) as a colorless foam. This material was determined to
be 93% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
5.71 min, t(major) = 7.41 min. [0]**p =—51° (c = 1.0 g/100mL, MeOH); 'H NMR (500 MHz, CDCl5)
9.01 (brs, 1H); 7.53 (dd, J=1.5, 1.0 Hz, 1H); 7.29 (d, J= 1.0 Hz, 1H); 7.28-7.22 (m, 3H); 7.09-7.04
(m, 2H); 7.03 (s, 1H); 5.06 (d, J = 14.5 Hz, 1H); 4.74 (t, J = 6.5 Hz, 1H); 3.59 (d, J = 15.0 Hz, 1H);
2.75-2.68 (m, 1H); 2.58 (ddd, J = 17.5, 10.0, 8.0 Hz, 1H); 2.43-2.33 (m, 1H); 2.23-2.12 (m, 1H); °C
NMR (125 MHz, CDCl5) 8 175.1, 136.5, 135.4, 128.5, 128.3, 127.4, 127.0, 125.4, 124.0, 121.3, 114.3,
113.1, 113.1, 54.6, 44.3, 30.7, 26.7; IR (film) 3281, 1665, 1453, 1418, 731 cm™'; HRMS (ESI) calcd
for C19H;sBrN,O (M+H) m/z369.0602; found 369.0602.

0]
BnN

| H
F N
H

(R)-1-benzyl-5-(6-fluor o-1H-indol-3-yl)pyrrolidin-2-one (2q). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl,:EtOAc) to yield 2q (0.080 g, 75% yield) as a colorless foam. This material was determined to
be 96% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
3.28 min, t(major) = 4.67 min. [0.]*'p = —84° (c= 1.1 g/100mL, MeOH); 'H NMR (500 MHz, CDCls)
8.57 (br s, 1H); 7.36 (dd, J= 9.0, 5.0 Hz, 1H); 7.28-7.22 (m, 3H); 7.12-7.08 (m, 3H); 7.01 (d, J=2.5
Hz, 1H); 6.87 (ddd, J=9.5,9.5,2.0 Hz , 1H); 5.07 (d, J= 14.5 Hz, 1H); 4.75 (dd, J= 8.5, 6.5 Hz, 1H);
3.57 (d, J=15.0 Hz, 1H); 2.75-2.66 (m, 1H); 2.59 (ddd, J=17.5, 9.5, 8.0 Hz, 1H); 2.44-2.36 (m, 1H);
2.23-2.14 (m, 1H); °C NMR (125 MHz, CDCl;)"" § 175.0, 161.1, 159.2, 137.0, 136.9, 136.7, 128.4,
128.3, 127.4, 123.2, 123.1, 121.8, 119.7, 119.6, 115.1, 108.9, 108.7, 98.1, 97.9, 54.7, 44.2, 30.8, 26.7,
IR (film) 3242, 2925, 1661, 1446, 1143, 701 cm™'; HRMS (ESI) calcd for CioH;FN,NaO (M+Na)
nvz331.1217; found 331.1223.
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BnN

| H
cl N
(R)-1-benzyl-5-(6-chloro-1H-indol-3-yl)pyrrolidin-2-one (2r). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl,:EtOAc) to yield 2r (0.090 g, 81% yield) as a colorless foam. This material was determined to
be 96% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
4.67 min, t(major) = 6.43 min. [0]*’p = —57° (c= 0.5 g/100mL, MeOH); 'H NMR (500 MHz, CDCls)
8.69 (br s, 1H); 7.45 (d, 3= 1.5 Hz, 1H); 7.39 (d, J = 7.0 Hz, 1H); 7.32-7.26 (m, 3H); 7.13-7.10 (m,
3H); 7.06 (d, J=2.0 Hz, 1H); 5.11 (d, J=12.5 Hz, 1H); 4.79 (t, J= 5.5 Hz, 1H); 3.59 (d, J=12.5 Hz,
1H); 2.78-2.71 (m, 1H); 2.63 (ddd, J = 14.5, 8.0, 6.5 Hz, 1H); 2.48-2.40 (m, 1H); 2.25-2.18 (m, 1H);
C NMR (125 MHz, CDCls) & 175.1, 137.3, 136.6, 128.6, 128.5, 128.3, 127.4, 123.9, 123.5, 120.7,
119.7, 115.1, 111.6, 54.6, 44.2, 30.8, 26.8; IR (film) 3245, 1669, 1459, 1419, 1258, 804, 703 cm';
HRMS (ESI) calcd for C9H;7CIN,NaO (M+Na) m/z347.0922; found 347.0929.

(0]

Br BnN

| H
N

(R)-1-benzyl-6-(4-bromo-1H-indol-3-yl)piperidin-2-one (2s). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl,:EtOAc) to yield 25 (0.016 g, 12% yield) as a colorless foam. This material was determined to
be 85% ee by chiral SFC analysis (Pirkle (§S)-Whelk, 4.0 mL/min, 220 nm, 15% MeOH, t(minor) =
5.86 min, t(major) = 6.56 min. [0]*p = —21° (c = 0.5 g/100mL, MeOH); 'H NMR (500 MHz, ds-
DMSO) 11.6 (br s, 1H); 7.52 (d, J = 7.5 Hz, 1H); 7.42-7.38 (m, 2H); 7.35-7.31 (m, 2H); 7.28-7.22
(m, 3H); 7.09 (t, J= 8.0 Hz, 1H); 5.59-5.51 (m, 1H); 5.43 (d, J=15.5 Hz, 1H); 3.69 (d, J = 15.5 Hz,
1H); 2.60—4.46 (m, 2H); 2.16-2.06 (m, 2H); 1.86-1.78 (m, 1H); 1.69-1.60 (m, 1H); *C NMR (125
MHz, ds-DMSO) & 169.2, 138.4, 137.9, 128.4, 127.3, 126.9, 125.4, 123.7, 123.1, 122.3, 114.8, 112.2,
111.5, 52.3, 47.5, 31.6, 30.3, 15.7; IR (film) 3247, 2954, 1617, 1413, 1334, 1178, 734 cm™'; HRMS
(ESI) calcd for Cy0H20BrN,O (M+H) myz 383.0754; found 383.0753.

O

BnN

[| H

F N
H

(R)-1-benzyl-6-(6-fluor o-1H-indol-3-yl)piperidin-2-one (2t). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl,:EtOAc) to yield 2t (0.016 g, 12% yield) as a colorless foam. This material was determined to
be 96% ee by chiral SFC analysis (Pirkle (§5)-Whelk, 4.0 mL/min, 220 nm, 15% MeOH, t(minor) =
6.43 min, t(major) = 8.44 min. [0]**p = —52° (¢ = 0.5 g/100mL, MeOH); 'H NMR (500 MHz, CDCls)
8.91 (br s, 1H); 7.35 (dd, J= 8.5, 5.0 Hz, 1H); 7.31-7.22 (m, 3H); 7.16 (d, J = 8.5 Hz, 2H); 7.09 (dd, J
=9.5, 2.5 Hz, 1H); 6.97 (d, J= 2.0 Hz, 1H); 6.87 (ddd, J = 10.0, 10.0, 2.5 Hz, 1H); 5.59 (d, J = 15.0,
1H); 4.83 (t, J= 5.0 Hz, 1H); 3.66 (d, J = 15.0 Hz, 1H); 2.70-2.56 (m, 2H); 2.12-2.00 (m, 2H); 1.91—
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1.81 (m, 1H); 1.75-1.67 (m, 1H); *C NMR (125 MHz, CDCl;)"" § 170.8, 161.0, 159.1, 137.5, 136.9,
136.8, 128.5, 127.9, 127.2, 122.81, 122.79, 122.1, 119.3, 119.2, 115.9, 108.6, 108.4, 98.0, 97.8, 53.4,
47.7, 32.3, 30.1, 17.7; IR (film) 3262, 2951, 1624, 1452, 1143, 953 cm™’; HRMS (ESI) calcd for

Cy0H19FN>NaO (M+Na) mvz 345.1374; found 345.1379.
o)

BnN

| H
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(R)-1-benzyl-6-(6-chlor o-1H-indol-3-yl)piperidin-2-one (2u). The product was prepared by Method
B on 0.34 mmol scale. The crude product was purified on activity III basic alumina (8:2
CH,Cl1:EtOAc) to yield 2u (0.046 g, 40% yield) as a colorless foam. This material was determined to
be 92% ee by chiral SFC analysis (ChiralPak AS-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
4.27 min, t{(major) = 5.77 min. [0.]*p = -35° (c= 0.7 g/100mL, MeOH); "H NMR (500 MHz, CDCl5)
8.90 (br s, 1H); 7.40 (d, J= 1.5 Hz, 1H); 7.35 (d, J= 8.5 Hz, 1H); 7.32-7.49 (m, 3H); 7.15 (d, J=8.5
Hz, 2H); 7.07 (dd, J= 8.5, 2.0 Hz, 1H); 6.98 (d, J=2.5 Hz, 1H); 5.60 (d, J=15.0 Hz, 1H); 4.83 (t,J=
5.0 Hz, 1H); 3.64 (d, J = 14.5 Hz, 1H); 2.69-2.57 (m, 2H); 2.09-2.00 (m, 2H); 1.89—1.82 (m, 1H);
1.75-1.68 (m, 1H); °C NMR (125 MHz, CDCls) § 170.8, 137.5, 137.2, 128.5, 128.3, 127.9, 127.3,
124.1, 123.1, 120.5, 119.4, 116.0, 111.6, 53.3, 47.7, 32.3, 30.2, 17.7; IR (film) 3245, 2948, 1620, 1451,
1413, 1264 cm'l; HRMS (ESI) calcd for Cy0H,oCIN,O (M+H) m/z 339.1259; found 339.1274.
0

HN
‘ H
N

(R)-5-(1H-indol-3-yl)pyrralidin-2-one (15). A 3-neck reaction vessel fitted with a liquid NHj
condenser was charged with 2a (38.5 mg, 0.13 mmol, 94%ee) under a positive flow of N, and THF (1
mL) was added. The solution and condenser were cooled to —78 °C. In a separate 3-neck flask with an
attached bubbler was cooled to —78 °C and NH; (~50 mL) was condensed directly from the tank into
this flask. The NH; (~10 mL) was then redistilled from the 3-neck flask via cannula into the reaction
vessel containing 2a. Sodium metal (45 mg, 2.0 mmol) was added to the reaction to create a dark blue
solution. After 10 min, isoprene (~1 mL) was added until the dark blue color dissipated, giving a
yellow solution. Solid NH4Cl was added until a colorless mixture was produced. The mixture was
allowed to warm slowly to rt, and was partitioned between H,O (10 mL) and EtOAc (20 mL). The
layers were separated and the aqueous layer was extracted with EtOAc (3x10 mL). The combined
organic layers were dried (Na;SO4), concentrated in vacuo, and the residue purified on activity III
basic alumina to provide 22 mg (85% yield) of 15 as a colorless solid. This material was determined to
be 94% ee by chiral SFC analysis (ChiralPak AD-H, 4.0 mL/min, 220 nm, 20% MeOH, t(minor) =
5.81 min, t(major) = 7.71 min. [0]*’p = +29° (¢ = 0.5 g/100mL, MeOH); "H NMR (500 MHz, CDCls)
8.46 (br s, 1H); 7.60 (d, J = 8.0 Hz, 1H); 7.39 (ddd, J= 8.0, 1.0, 1.0 Hz, 1H); 7.22 (ddd, J=17.5, 7.5,
1.5 Hz, 1H); 7.13 (ddd, J= 8.0, 8.0, 1.0 Hz, 1H); 7.10 (d, J= 2.5 Hz, 1H); 6.29 (br s, 1H); 5.07 (t, J=
5.5 Hz, 1H); 2.60-2.42 (m, 3H); 2.30-2.20 (m, 1H); °C NMR (125 MHz, CDCl;) § 178.3, 136.9,
125.1, 122.5, 121.1, 119.8, 118.8, 117.1, 111.6, 51.5, 30.5, 29.5; IR (film) 3404, 3267, 1683, 1457,
1264 cm™; HRMS (ESI) caled for C1oHoN,0 (M+H) mvz201.1022; found 201.1021.
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F. Chiral SFC Data

Racemate: ChiralPak AS-H., 20% MeOH., 220 nm
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Racemate: ChiralPak AD-H, 10 MeOH/CO,, 220 nm
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Racemate: Pirkle (S.S)-Whelk, 15% MeOH. 220 nm
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Racemate: ChiralPak AS-H, 20% MeOH, 220 nm
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Racemate: ChiralPak AS-H, 20 % MeOH, 220 nm
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Racemate: ChiralPak, AS-H, 20% MeOH/CO,, 220 nm
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Racemate: ChiralPak AD-H, 20% MeOH/CQO,, 220 nm
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Racemate: ChiralPak AS-H, 20% MeOH/CO,, 220 nm
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Racemate: ChiralPak AS-H, 20% MeOH/CO,, 220 nm
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Racemate: Pirkle (S.S)-Whelk, 15% MeOH. 220 nm
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Racemate: ChiralPak AS-H, 20% MeOH/CO,, 220 nm
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Racemate: ChiralPak AS, 20%MeOH/CO, 220 nm
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o Fr =
| |
] 1 2 3 5 3 7 8
Min
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Racemate: ChiralPak AS-H, 20%MeOH/CO, 220 nm

™~
(32}
I 0]
||| £ BnN
| e
(4]
H o N
f H
| [l
‘\ |
|
| |
| |
‘ || Index | Time | Height Area Area
‘ ‘ | [Min] | [mAU] | [mAUmin] [%]

|| | 1 3.78 | 1126.95 202.03| 49.857

‘ | ! | 2 5.23| 847.52 203.20| 50.143

| |
| \ [ Total 405.23 | 100.000

99% ee

550

= 5.21

500 Index | Time | Height Area Area
Min] | [mAU] | [mAU*min] [%]
450 2 |380| 1.21 0.11 0.073 |

\
1 5.21 [ 508.27 147.51 | 99.927 | |
400 | |

350 Total 147.62 | 100.000 |

300 .
250 [
|
200 I
150 [
|
100 /|

50 \

3.80

gl
.
[

v

-50

Min
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Racemate: Pirkle (S.,5)-Whelk, 15%MeOH/CO, 220 nm

0]
I~
f Br  BnN
I

H

i |
i 2 N
1
| | I|' '||
| |
| |‘ || Index | Time | Height Area Area
| | | | [Min] | [mAU] | [mAU*min] [%6]

|
\ | || | 1 7.26 | 670.88 184.82( 50.117
| | [ 2 9.56 | 515.85 183.95( 49.883

| l‘ Total 368.77 ] 100.000

97% ee

1,100;
1,050;

1,000: = :
9501 Index | Time | Height Area Area i

900] [Min] | [mAU] | [mAU"min] [%] i
8501 2 |757| 2679 631 1658 [
8004 1| 9.88] 1027.48 374.01| 98.342
7504 | ||
7004 |

5501 Total 380.31 | 100.000 I‘ |
600} |
5504 |

500] |

4504 l\ ||
4004 .
3501 |
3004 [
250} [
200§ A
150, .. I\

100] 5 j ‘.
501 N \
G . N 1

-50;

-100
0 1 2 3 4 5 6 7 8 9 10 11 12
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Racemate: ChiralPak AS-H, 20%MeOH/CO, 220 nm

=475

Min

94% ee

300
280

Iz

BnN

Index | Time

Height

Area

Area

260 [Min]
240 1 3.25
290 2 4.69

200
180
160
140

120
100
80
60
40
20
O}

[mAU]

[MAU"min]

[%]

14.58

2.02

3.074

285.09

63.63

96.926

Total

65.65

100.000

-20

=-4.69

Min
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Racemate: ChiralPak AS-H, 20%MeOH/CO, 220 nm

= 5.71

Min

93% ee

Br.

BnN

Iz

Index | Time

Height

Area

Area

[Min]

[mAU]

[MAU min]

2]

5.71

1195.10

337.53

50.195

7.50

872.85

334.91

49.805

Total

672.44

100.000

1,000
9504
9004
850
800
7501
700}
6504
600
5504
500
4504
400}
350
3004
2504
2004
150}
1004

504

Index

Time

Height Area

Area

[Min]

[MmAU] | [mAU™mIN]

[%]

5.71

56.49 11.88

3.383

7.41

943.33 342.08

96.617

Total

354.06

100.000

-50

Min
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Racemate: ChiralPak AS-H, 20%MeOH/CO, 220 nm

Min

96% ee

1,050,
1,000:

9504
9004
850

BnN

Iz

Time

End

RT Offset

Quantity

Height

Area

Area

[Min]

[Min]

[Min]

[%s Area]

[uV]

[V -Min]

[%]

3.23

3.51

0.00

50.48

515.2

71.5

50.478

4.61

4.97

0.00

49.52

347.8

70.2

49.522

100.00

863.1

141.7

100.000

Index

Time

Height

Area

Area

[Min]

[MAU]

[mAU"min]

[%]

800; 1
750 2

7004

3.28

32.61

4.33

1.862

4.67

962.61

228.28

©8.138

6504 Total

6004
550
5004
450
4004
3504
300}
2504
200]
1504
100
50
0
-50

-100
0

232.61

100.000
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Racemate: ChiralPak AS-H, 20%MeOH/CO, 220 nm

96% ee

Cl

BnN

Iz

Index

Time

Height

Area

Area

[Min]

[mAU]

[mAU min]

[%]

4.55

549.55

147.39

50.064

6.37

391.19

147.01

49.936

Total

294.41

100.000

2,000
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000
900
800
700
600,
500
400
300
200
100,
0
-100,

Index

Time

Height

Area

Area

[Min]

[mAU]

[MAU min]

o]

4.67

74.68

12.63

1.906

6.43

1894.66

649.95

98.094

Total

662.58

100.000

0

Min
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Racemate: ChiralPak AS-H, 20%MeOH/CO, 220 nm

:" 0
I < Br BN
w
|| fi
I\ i | H
| | Il N
/| H
1
R
| | | | Index | Time | Height Area Area
| I| ‘l [Min] | [mAU] | [mAU*min] [%]
‘ [ 1 5.76 | 257.49 72.51| 51.483
| [ 2 6.44 | 226.50 68.33| 48.517
[
|
i |‘ |‘ Total 140.85| 100.000
Fl
|I [ ," ||
I,‘ | |
,"i ll : I|
/ 'l/ ‘.
I\
VAR
5 8 7
Min
85%ee
Index | Time | Height Area Area
[Min] [ [mAU] | [mAU*min] [%]
2 5.86| 10.46 1.63 7.644
1 6.56 | 78.67 19.71| 92.356
Total 21.34 ] 100.000
w
[fe]
©
&= M
3 4

Min




Racemate: Pirkle (S.,S)-Whelk, 15%MeOH/CO, 220 nm

" - BnN
Index | Time | Height Area Area
[Min] | [mAU] | [mAU*min] [2e] I H
2 6.29 | 85.06 19.04 | 49.103 F N
1 8.20 | 65.71 19.73| 50.897 H
Total 38.77 | 100.000
n
(=]
o 3
6 7 8 9
Min
96% ee
1,400 o
1300 Index | Time Height Area Area 0
’ [Min] | [mAU] | [mAUmin] [%] 'H|
1,200 1 6.41 76.13 14.59 3.431 [
1100 2 |8.31]1309.53 410.72 | 96.569 ‘| ‘|
1,000 Total 425.31 | 100.000 | ‘|
900 | |
800 |‘ ‘
700} |‘ |
600} ‘| \
[
500 L
|
400} .‘I |
|
300} [
/ |
200] - '
5 ‘.
100} “' ‘ﬂ
o MH—E{*% &
-100
0 1 2 3 4 5 6 8 9 10 1
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Racemate: Pirkle (S.,S)-Whelk, 15%MeOH/CO, 220 nm

6.46

92% ee

2,400
2,200
2,000
1,800
1,600
1,400
1,200
1,000

800

600

4004

200]

-200

BnN

Iz

Index

Time

Height

Area

Area

[Min]

[mAU]

[mAU"min]

[%]

4.58

237.05

56.28

50.147

6.46

164.10

55.95

49.853

Total

112.22

100.000

Index

Time

Height

Area

Area

[Min]

[MAU]

[MmAU min]

[%]

4.27

194.84

34.32

4.096

5.77

2356.25

803.46

95.904

Total

837.77

100.000

Min
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Racemate: ChiralPak AD-H, 20%MeOH/CO, 220 nm

94% ee

1,100

Iz

HN

Index

Time

Height

Area

Area

[Min]

[mAU]

[mAUmin]

[%]

5.67

525.08

123.88

49.595

7.93

331.23

125.80

50.405

Total

249.78

100.000

1,050

1,000 Index

Time

Height

Area

Area

950
9005

[Min]

[mAU]

[MmAU"min]

[

8504

5.81

71.12

14.39

2.778

800j

7.71

1013.32

503.84

97.222

7504

7004 Total

518.23

100.000

650}
6005
550
5004
4504
400
350
300
2501
2001
1504
1004
504

-50
-100
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E. A. Peterson and E. N. Jacobsen

Pulse Sequence:

s2pul

G.'H and °C NMR Spectra

Supporting Information

Solvent: CDC13
Temp. 23.0 C / 296.1 K
INOVA-500 “inova500"

Relax. delay 0.200 sec
Pulse 79.4 degrees

Acq. time 2.048 sec

Width 8000.0 Hz

16 repetitions

OBSERVE H1, 499.6156790 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 40 sec

==

/]
e

3.5 3.0 2.5

fa—
0.98

1.

00

1.

08

| T
2.0 ppm
R

2.54
1.07

Pulse Sequence: 52pul

Solvent: CDC13
Temp. 25.0 C / 298.1 K
User: 1-14-87
INOVA-500 “inova500¢™

Pulse 34.6 degrees

Acq. time 1.002 sec

width 29996.3 Hz

128 repetitions

OBSERVE C13, 125.6931666 MHz
DECOUPLE H1, 499.8754943 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

—128.621

~128.286
127.653

170.520

175.472
..—-136.341

84.188

77.000
— 76,745

—-77.255

BnN

AcO

44.598

28.263

prt e

——20.871

S38



E. A. Peterson and E. N. Jacobsen Supporting Information

Solve :: CODCI3
Temp. 25.0 C / 298.1 K
INOVA-500 *“inowvaSo0c"

Pulse §5.2 degrees O
Acg. time 2.185 sec
\ll'édlh 7499.8 Hz
repetitions
OBSERVE  H1, 499.8723348 MHz E5Y
Df:’ﬂ FEOCESSI?G 0
ne broadening 0.1 Hz
FT size 32768 AcO
Total time 0 min, 39 sec

1.50 0.79 0.%9 ) U,‘BB 1.042.22
2.19 1.00 0.91 1.32.44

Pulse Sequence: s2pul

solvent: CDCI3
Temp. 25.0 C / 298.1 K
User: 1-14-87

INOVA-S00 “inovas00c™

Pulse 34.6 degrees
Acq. time 1.092 sec O
Width 29996 .3 Hz

128 repetitions

OBSERVE C13, 125.6931675 MHz
DECOUPLE H1, 199.8754943 MHzZ
Power 45 dB

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 1B min, 49 sec

BnN

AcO

—128.512
= _128.235

—-77.25§
—77.000
-~ 76.745

1e7.420

28.283

@
<
~
=

48.109
PR | N

—170.236
80.634
—20.878

—170.489
137.084

160 140 120 100 80 60 40 20
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E. A. Peterson and E. N. Jacobsen

Pulse Sequence: szpui
Solvent: COC13

Temp. 25.0 C / 288.1 K
INOVA-560  "inova500c™

Pulse 65.2 degrees
Acq. time 2.185 sec

16 repetitions

OBSERVE  H1, 439.8729953 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 33 sec

MeN

AcO

Supporting Information

s T B T

7.5 7.0 6.5

Pulse Sequence: s2pul

Solvent: CDC13
Temp. 25.0 C / 298.1 K
uUser: 1-14-87
INOVA~500 "inova500c"

Pulse 34.65 degrees

Acg. time 1.092 sec

Width 29986.3 Hz

192 repetitions

OBSERVE C13, 125.8931345 MHz
DECOUPLE H1, 499.8754943 MHz
Power 45 d

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

171.14%
170.651

0.91

MeN

AcO

83.198

~77.503

77.255

e 77.000

r/
r 4
I A
|
|
ol -.-Jth,.MUM
e e S——-
5 3.0 2.5 2.0
o e o ]
XS lul'wmsg’ﬁsmzo

—-32.334

28.358

=
-
]
]

16.741

z1.300




E. A. Peterson and E. N. Jacobsen Supporting Information

Data Collected on:
nmrsun2-inova500
Archive directory:
/export /home/ds2/vnmrsys /data
Sample directory:

File: eap-V=304trit

Pulse Sequence: s2pul
Solvent: DMSO 0

Temp. 28.0 C / 296.1 K

Relax. delay 0.200 sec
Pulse 46.7 degrees BnN
Acg. time 2.048 sec

Width B000.0 Hz

16 repetitions

0BSERVE Hi, 499.6180219 MHz H
DATA PROCESSING |

Line broadening 0.1 Hz

FT size 32768 N

Total time 0 min H

11 10 9 8 7 6 5 4 & 2
o ! ke e w
0.86 0.92.8583 1.00 1.05
0.8550.78 1.96 3.33 1.01

Pulse Sequence: s2pul

Solvent: DMSO

Temp. 25.0 C / 298.1 K
User: 1-14-87
INOVA=500 "inovasooc"

Pulse 34.5 degrees

Acg. time 1.092 sec

W10th 79995.3 Hz

1152 repetitions
OBSERVE  C13, 125.6938225 MHz

DECOUPLE H1, 439.8778587 MHz

Power 45 dB (0]
cont inuously on

WALTZ-16 modulated

DATA FROCESSING

Line broadening 1.0 Hz BnN
FT size 65536
Total time 3 hr, 3 min, 35 sec

Iz

T Tt T I L
220 200 180 160 140 120 100 80 60 40 20
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E. A. Peterson and E. N. Jacobsen Supporting Information

Pulse Sequence: szpul

Solvent: CDC13
Temp. 23.0 C / 296.1 K
INOVA-500 "inovaSpooc*

Pulse 65.2 degrees
Acg. time 2.135 sec

width 7499.8 Hz

16 repetitions

OBSERVE Hl, 4399.8723853 MHz

DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec o

MeN

Iz

S e L g
o1 0.85 1.88 y 2.4
0.92 1.39 1.00 Bt

pata Collected on:
nmrsun2-inovason

archive directory:
sexport/shome/sds2/vnmrsys/data

Sample directory:

File: eap-VI-056-tritC

Pulse Sequence: szpul
Solvent: CDC13
Temp. 28.0 C_/ 296.1 K
User: 1-14-87

Pulse 34.6 degrees

Acg. time 1.092 sec (0]
Width 29996.3 Hz

160 repetitions

OBSERVE C13, 125.6931721 MHz MeN
DECOUPLE H1, 499.8754943 NHz

Power 45 dB

continuously on

WALTZ-16 modulated H
DATA PROCESSING |

Line broadening 1.0 Hz

FT size 65536

Total time 18 min N

— ] T T
140 130 120 110



E. A. Peterson and E. N. Jacobsen Supporting Information

Pulse sequence: sZpul

Solvent: COC13
Temp. 25.0 C / 298.1 K
INOVA-500 “inovaSooc*

Pulse §5.2 degrees
Acq. time 2.185 sec

wWidth 7499.8 Hz

16 repetitions

OBSERVE  H1, 499.8729801 MHz

DATA PROCESSING

Line broadening 0.1 Hz (@)
FT size 32768

Total time 0 min, 39 sec

Me BnN

Iz

T T T— T T : L v T T =
9 8 7 6 5 4 3 2
e . i JE— P - —

o 2.80 0.88 0.38 5.71
3.74  1.09 2.05 1.31 3¢ 1.05

Pulse Sequence: s2pul

Solvent: CDCI13
Temp. 25.0 C / 298.1 K
User: 1-14-87
INOVA-500 “inova500c¢"

Pulse 34.6 degrees
Acg. time 1.032 sec

OBSERVE " C13, 125.6931345 MHz
DECOUPLE H1, 499.8754343 MHz o)
Power 45 dB
continuously on
nw;n.rs-zs mnuuéned
ATA PROCESSINI

Line broadening 1.0 Hz Me BnN
FT size 65536

Total time 18 min, 439 sec

Iz

S A e e e B e e e e R e B e T T

180 160 140 120 100 80 50 an pi
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E. A. Peterson and E. N. Jacobsen

Pulse Sequence: s2pul
Solvent: OMSD

Temp. 25.0 C / 298.1 K
INOVA-500 "inovaSooc"

Pulse 51.8 degrees

Acg. time 2.185 sec

width 7433.8 Hz

16 repetitions

OBSERVE Hi, 499.8753592 MHZ
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time € min, 39 sec

Supporting Information

BnN

Iz

-

A 5 ,,,L

S G

T |

11 10 9 8

et
0.93
Pulse Sequence: s2pul
Solvent: DMSO
Temp. 25.0 C / 288.1 K
i-

ser:
INOVA-500 *“inovasobc”

Pulse 34.6 degrees

Acg. time 1.092 sec

Width 29996.3 Hz

288 repetitions

OBSERVE C13, 125.6938225 MHz
DECOUPLE Hl, 499.8778587 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

: e e e R B —— ————T—
7 6 5 4 3
P - - -
0.8 90.89 1.00 B84
290,72 1.97 2.49 L.00
i .
(0]
BnN
Me
| H
N
H

B e e e e ]

T T T B e SR

—
180 160 140
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E. A. Peterson and E. N. Jacobsen Supporting Information

Pulse Seguence: s2pul
solvent: CDC13

Temp. 25.0 C / 298.1 K
INOVA-500 “inova500c"

Pulse 65.2 degrees o)
Acg. time 2.185 sec

width n?s.'u Hz

16 repetitions

OBSERVE _ H1, 499.8720948 MHz BnN
DATA PROGESSING

Line broadening 0.1 Hz

FT size 32768
Total time 0 min, 39 sec / H

Iz

—ge— e o
6 5
R — o i - e s
0.2 o 0. ‘ 1.10 1.08
2.79 0.84 1.01 1.09 1.08
0.2 2.52 1.6  0.90 0.96 095 1.03 1.13

Pulse sequence: sZpul

Solvent: cOCl13
Temp. 25.0 C / 298.1 K
uUser: 1-14-87

INOVA-500 *“inova500c"

Pulse 34.5 degrees
ACg. time 1.092 sec
Width 29996.3 Hz
384 repetitions O

OBSERVE C13, 125.6931675 MHz

DECOUPLE HL, 499.B8754943 MHz

Power 45 dB ‘
continuously on BnN |
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT Size 65538 =
Total time 18 min, 49 sec

Iz

160 140 120 100 80 60 40 DD"ll




Pulse Sequence: s2pul
Solvent: DMSO
emp. 23.0 C / 296.1 K
INOVA-500 “"{nova500c"
Pulse 51.8 degrees
Acg. time 2.185 sec
Width 7499.8 Hz
16 repetitions
OBSERVE  H1, 430.8753410 MHz
DATA PROCESSING
Line broadening 0.1 Hz
FT size 32768
Total time 0 min, 39 sec
,,,JL, S S
e e e e e e R A e S
11 10 9 8
0.95
Pulse Sequence: sZpuli
solvent: DMSO
Temp. 23.0 C / 296.1 K
User: 1-14-87
INOVA-500 "inova500¢"
Pulse 34.6 degrees
Acq. time 1.092 sec
width 29996.3 Hz

320 repetitions
OBSERVE C12, 125.6938207 MHz
499.8778587 MHz

continuously on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 18 min, 49 sec

Supporting Information

(0]
BnN
H
|
MeO N
H
' /

l [ { NS
5.V U S . R AJ\ i
S i e

7 6 5 a 3 2
o.6009 83 L 1 oo e
16MLES  0.80 2.84 2.82 0.97
(0]
BnN

H
|
MeO N
H

| i !

‘ ‘ |

| ‘ ! %

| |

‘ |

|

100 80 a0
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E. A. Peterson and E. N. Jacobsen Supporting Information

Pulse Sequence: s2pul

Solvent: cocl3
Temp. 25.0 C / 288.1 K

File: eap-IV-105-2
INOVA-500 "inovasooc"
Pulse 69.8 degrees
Acq. time 2.185 sec
width 7499.8 Hz
16 repetitions
DBSERVE  Hl, 499.8729948 MHz
DATA PROCESSING O
Line broadening 0.1 Hz
FT size 32768
Total time 0 min, 39 sec
MeN
!
J /
jk — A _ o [ . O Y .
e e T e - oy T v . . : . T | e e e [ { g
8 7 [ 5 4 3 2 PP!
0.96 ] 0.94 1.00 N 2.3 1.38
0.91  1.27 0.84 2.95 2.53 2.24

Fulse Sequence: s2pul
Solvent: CBC13

Temp. 23.0 C / 296.1 K
User: 1-14-87
INOVA-500 “inova500c"

Pulse 34.6 degrees

Acg. time 1.092 sec

Width 23996.3 Hz

1024 repetitions

OBSERVE €13, 125.6931675 MHz

DECOUPLE H1, 499.8754943 MHz

Power 45 dB (o)
continuously on

s TZ-16 nnduéut:d

JATA PROCESSINI

Line broadening 1.0 Hz MeN
FT size 65536

Total time 18 min, 49 sec

Iz

160 140 120 100 . 80 60 ﬂ‘ﬂ ppm



E. A. Peterson and E. N. Jacobsen Supporting Information

Pulse Sequence: s2pul
Solvent: CDCI3

Temp. 25.0 C / 298.1 K
File: eap-v-147-2
INOVA-500 "“inova500c"

Pulse 65.2 degrees

Acg. time 2.185 sec

Width 7499.8 Hz

16 repetitions

OBSERVE  H1, 499.8729948 MHz

DATA PROCESSING (0]
Line broadening 0.1 Hz
FT size 32768
Total time 0 min, 39 sec

BnN
| H
N
H
|
- { | (r [
i f |
[ b / /
A J JilJ
o N | N A A
T e T e e e R e e ——
8 7 6 5 4 3 2 ppn
e S
0.88 0.71 1.460.78 ! o T T
0.82 3.09.83 1.00 o0 1.08 i s et
Pulse Sequence: s2pul
Solvent: CDC13
Temp. 25.0 C / 298.1 K

c
User: 1-14-87
INOVA-500 "“inovaS00c"

Pulse 34.6 degrees

Ac:. time 1.0392 sec

Width 29996.3 Hz

192 repetitions

OBSERVE Cl13, 125.5931345 MHz
DECOUPLE H1, 499.8754543 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING ' O
Line broadening 1.0 Hz
FT size 65536
Total time 1B min, 49 sec

BnN

Iz




E. A. Peterson and E. N. Jacoheen

Pulse Sequence: s2Zpul

Soivent: CDC13
Temp. 25.0 C / 298.1 K
INOVA-500 “inova500c™

Pulse 65.2 degrees

Acg. time 2.185 sec

Width 7499.8 Hz

16 repetitions

OBSERVE Hl, 499.8729948 MHz

DATA PROCESSING

Line broadening 0.1 Hz o
FT size 32768

Tota) time 0 min, 39 sec

BnN
MeO

Iz

Lo

Supporting Information

. L
0.80 1.54 1.55 0.93

Pulse Sequence: szpul -

Solvent: CDC13 :
Temp. 26.0 C / 298.1 K .
User: 1-la-=i

INOVA-500 *“inovaseoc’
BnN
Pulse 34.6 degrees
Acq. time 1.092 sec MeO

352 repetitions

OBSERVE C13, 125.6931345 WHz | H
DECOUPLE H1, 499.8758943 MHZ
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

128.738

Iz

127.420
112.781

Te
=)
=
S5
S
_J‘—.

100.670

170.943
138.031
112.570

132.183
115.882

154,345

77.524

70

L77.015

iz

32.640

47.934
30.142

17.987

56.142
53.615

I B R oo o e

160 140 120 100
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E. A. Peterson and E. N. Jacobsen

Pulse Sequence: s2pul

Solvent: CDC13
Temp. 25.0 C / 298.

1K
INOVA-500 “inovaS500c"

Pulse 65.2 degrees
Acg. time 2.185 sec
width 7439.8 Hz
16 repetitions

H1, 499.8729948 MHz

OBSERVE

DATA PROCESSING

Line broadening 0.1 Hz
FT size 32768

Total time 0 min, 39 sec

A

J

BnN

Iz

Supporting Information

Pulse Seguence: s2pul

Solvent: CDCI13
Temp. 25.0 C / 298.1 K
User: 1-14-87

INOVA-500 "inovaS00c"

Pulse 34.6 degrees

Acg. time 1.092 sec

Width 29996.3 Hz

256 repetitions

OBSERVE C13, 125.6931345 MHz
DECOUPLE H1, 493.B754943 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

170,986

T
7
ot 1

1.53 0.91
3.98 0.78

138.0867

135,416

140

—-129.328

~.-128.716
—128,221

TN “i127.383
\Q__lzs.ara
\_12¢.310
\_122.795
118.535

111.470

850 I [ L §

0.90

77.517
77.262
_77.007

Me

32.611
30.215

53.731
47.934

18.023

21.7589




E. A. Peterson and E. N. Jacobsen

Pulse Sequence: sZpul

Solvent: COC13
Temp. 25.0 C / 298.1 K
INOVA-500 “inova500c"

Pulse 65.2 degrees

Acg. time 2.185 sec

Width 7499.8 Hz

16 repetitions

OBSERVE Hl, 459.8729948 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec

BnN

Iz

0.990 1.581.56 0.84
0.9p.50
Pulse Sequence: s2pul
Solvent: CDC13
. 25.0 C/ 298.1 K
1-14-87
Fil eap-vI-033-2C
INOVA=500 “nmrsun'

Pulse 34.6 degrees
Acg. time 1.092 sec
width 29996.3 Hz

n

ions
OBSERVE C13, 125.6931647 MHz
DECOUPLE  H1, 499.8754943 MHz
Power B
continuously on
WALTZ-16 modulated

Total time 18 min, 49 sec =

BnN

Iz

Supporting Information

)
}

IS

AN

—p T

2 ppm

1.09 1.05

1.13 1.31
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Pulse Sequence: s2pul

Solvent: CDCI13

Temp. 25.0 C / 298.1 K
File: eap-VI-023-2
INOVA-500 “inova500c"

Relax. delay 3.000 sec
Pulse 65.2 degrees
Acgq. time 2.185 sec
Width 7495.8 Hz

16 repetitions
OBSERVE H1, 4399.8729948 MHz

DATA PROCESSING O
Line broadening 0.1 Hz
FT size 32768

Total time 1 min, 33 sec

BnN

MeO

Iz

Pulse _equence: sZpul
Solvent: CDC13
Temp. 25.0 C / 298.1 K

ser: 1-14-
INOVA-500 “inmova500c"

Pulse 34.6 degrees
A:g. time 1.092 sec

th 29996.3 Hz
256 repetitions
OBSERVE C13, 125.6931675 MHz
DECOUPLE  H1, 439.8754943 MHz
Power 45 dB
continuously on
WALTZ-16 modulated |
DATA PROCESSING
Line broadening 1.0 Hz
FT size 65536
Total time 18 min, 49 sec

BnN

MeO

Iz

N

B S i

v - —
160 140 120 100

S52
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E. A. Peterson and E. N. Jacobsen Supporting Information

se Sequence: s2pul
Ivent: COC13

amp. 25,0 C / 298.1 K
JVA-500 “inovaS500c"

Pulse 65.2 degrees

Acg. time 2.185 sec

width 7499.8 Hz

16 repetitions

OBSERVE  H1, 499.8729948 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec

F BnN

Iz

0.85 z.22  0.72 3 = .
2.82 0.80 1.00 1.00 1.00 0.37

Pulse Sequence: sZpul
Solvent: CDC13

Temp. 25.0 € / 298.1 K
User: 1-14-87
INOVA-500 "“inova5o0c"

Pulse 34.6 degrees
Acg. time 1.092 sec
width 28996.3 Hz O
736 repetitions

OBSERVE Cl3, 125.6931345 MHz
DECOUPLE HL, 499.8754943 MHz B N
Power 45 dB F n
continuously on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz H
ET size 65536 |
Total time 18 min, 49 sec

Iz

T i P T

160 140 120 100 80 60 40 ppm



E. A. Peterson and E. N. Jacobsen

se Sequence: sZpul

solvent: CDC13
Temp. 25

. 298.1 K
INOVA-500

ac/
“inovasgoc"
Pulse 65.2 degrees
Acg. time Z.18%5 sec
Width 7499.8 Hz

16 repetitions
BSERVE  HL, 499.8729948 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768
Total time 0 min, 39 sec

Br

BnN

N
H

Supporting Information

r -
|
) SN
L e o N _ il =
i S T e P e S
9 8 7 5 a
— e s - [ e s
0.86 2.96 1.05 0.76 0.90 1.84
1.00 1.560.86 .00 1.10 1.24
Pulise Sequence: s2pul
Solvent: CDC13
Temp. 25.0 C / 298.1 K
User: 1-14-87
INOVA-500 "inovaS00c"
Pulse 34.6 degrees
Acg. time 1.092 sec
width 29996.3 Hz
384 repetitions (o]
OBSERVE C13, 125.5931730 MHz -m o
DECOUPLE H1, 499.8754943 MHz il Dy
Power 45 dB .. BnN
continuousiy on g2 = Br
WALTZ-16 modulated e
DATA PROCESSING ! | l
Line broadening 1.0 Hz |
FT cize 65536 H
Total time 18 min, 49 sec
{
|
wo
wa g
5 Buw ol 5
" PeEn - g e
~ 5
AR B L1 ot
i - = @
B c 5 . s
: J = & & ‘
3 J g :
- | n =
= =
=
«
~
-
©
~
&
& s
o~ b -
= 4 5 o
w . =2
s i @ »
- i = %
| Y
pat
|
|
[4\L " p— ,.J. " " i Pranerel PORPTPION 99 Py
e " " “ y Ll Caia o o A i W
T T 7 = T T = T T i LI B e S s e e T (I T i T T T A T i
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Pulse Sequence: s2pul
Solvent: COCI3

Temp. 25.0 € / 298.1 K
INOVA-500 “inova500c"

Pulse §5.2 degrees O
AcJA time 2.185 sec

Width 7499.8 Hz

16 repetitions

OBSERVE  H1, 499.8729948 MHz BnN
DATA PROCESSING
Line broadening 0.1 Hz
FT sfze 32768 F
Total time 0 min, 33 sec

Iz

r
47;_ ) ) | N ﬁ«hd

— Jk#,

ppm
u;'_‘zl e - e e
' . 0.38 1.01
1.00 1.02

0.99 0.98
pulse Sequence: sZpul

sSolvent: COC13
Temp. 25.0 C / 298.1 K
uUser: 1-14-=87
INOVA-500 "inovasooc"

Pulse 34.6 degrees

288 repetitions

OBSERVE C13, 125.69316393 MHz
DECOUPLE H1, 499.8754943 MHZ
Power 45

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

BnN

.128.854
/. _128.286
/i —127.378
1257570
125.430
bl
30.775

—
Iz
25
77.255
54.678
44,212

00
--76.745
6.668

z4a.710
124,550
\—111.0a0
—110.829

~——103.889

bt

/ —133,450

~—133.304

—136.633
~112.300

103.699

—112.373

175,064

158.663
156,792

,.412 .424

—114.776
/
/

/
/

160 140 120 100 80 60 ap ppm
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Supporting Information

PULPROG 9
0 32768
SOLVENT cocl3
NS 15
oS 2
SWH §002.404 Hz
FIDRES 0.183179 Kz O
AQ 2.7296245 sec
A6 4095 BnN
oW 83,300 usec
DE 119,00 usec Br.
TE 300.0 K H
D1 1.00000000 sec |
P1 7.00 usec
DE 119.00 usec N
SFO1 500, 1312281 MH2 H
NUCH 1H
PLY 0.00 0B
F2 - Processing parameters
SI 16384
SF 500. 1267424 MHZ
WOW EM
558 0
LB 0.30 Hz
3 o
PC 1.00
{0 NMR plot parameters
Cx 25.00 cm
FiP 9.027 ppm
Fi 4514.77 Hz
Fer -0.065 ppm
F2 =32.70 Hz
PPHCM 0.36370 ppm/
HZCM 181.8986E Hz/c
_,JL ) 2
| | |
\ W | 1]
o ol |el=ln - r~ m wn|w|o| |3
o o T ol @ 2] m wlnjo| (o
=] o |o|nlm ) < @ ~|w | |~
| =] ‘01 tD_|m_ o < < =) ele|el o
- o o] — = - ) | (B
— T ey T L — — T T T i e e ) T i e LI e S ) L B =
om g 5 4 3 2 i
Pulse Sequence: s2pul
Solvent: CDC13
Temp. 25.0 C / 298.1 K
User: 1-14-87
INOVA-500 "inovaSpo0c"
Pulse 34.6 degrees
Acq. time 1.082 sec " v
Width 29996.3 Hz
1024 repetitions
OBSERVE C13, 125.6931711 MHz e O
DECOUPLE H1, 499.8754943 MHz C)
Power 45 dg <
continuously on Q9
WALTZ-16 modulated 3y BnN
DATA PROCESSING |\
Line broadening 1.0 Hz B
FT size 65536 r
Total time 18 min, 49 sec | H
N
H
w
w 5
oo~
a5
L) .o
oo ~ e
L. - ey
: s
R g
dae m @
I Jy8 A = IS
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E. A. Peterson and E. N. Jacobsen

Pulse Sequence: s2pul

Solvent: COCI3
Temp. 23.0 C / 296.1 K
INOVA-500  "inova500c"

Pulse 5.2 degrees
Acq. time 2.185 sec
width 7499.8 Hz

16 repetitions
OBSERVE  H1, 499.8729948 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Jotal time 0 min, 39 sec

f
|
I
e i VA N
e
8 7
‘a1 .2.-4‘8 ﬂ..ﬁl
0.9t p.87 2.30 0.81

Pulse Sequence: s2pul

Solvent: COBCI3
Temp. 23.0 C / 286.1 K
User: 1-14-87
INOVA-500 "inova500c"

Pulse 34.6 degrees

Acg. time 1.082 sec

Width 29996.3 Hz

256 repetitions

OBSERVE C13, 125.6931684 MHz
DECOUPLE  HL, 499.8754943 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

L80 160 140

120

Supporting Information

BnN

Iz

5 a4 3
Y 1os v "
(@]
BnN

Iz

100 80 60 40
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E. A. Peterson and E. N. Jacobsen Supporting Information

Data Collected on:
bor{s-inova600
Archive directory:
/export /home/1600/vomrsys /data
Sample directory:

Fite: PrOTON

Pulse Sequence: s2pul
Solvent: CDC13

Temp. 22.0 C s 295.1 K
BnN

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 3.641 sec
Width 9596.9 Hz
8 repetitions
H1, 599.7764064 MHz
DATA PROCESSING
Line broadening 0.1 Hz |
7
Cl

Iz

=t i
0.9 1.01 2.88
0.853.14 0.97

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 25.0 C / 2%8.1 K
User: 1-14-87
INOVA-500 “inovaS06c"

Pulse 34.6 degrees
e 1.092 sec
r4

320 repetitions
OBSERVE €13, 125.6931675 MHz

DECOUPLE H1, 495.8754943 MHz

Power 45 dB o)
continuously on

WALTZ-16 modulated

DATA PROCESSING B N
Line broadening 1.0 Hz n
FT size 65536

Total time 18 min, 49 sec

| H

Cl

[

v T e S S e ST
160 150 140 130 1z0

=
170

e



E. A. Peterson and E. N. Jacobsen

Pulse Sequence: szpul
solvent: DMSO

Temp. 25.0 C / 288.1 K
INOVA-S500 "inovasooc"

Pulse 51.8 degrees

Acg. time 2.185 sec

width 7439.8 Hz

16 repetitions
OBSERVE  H1, 439.8753159 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec

Pulse Segquence: szZpul
Solvent: DMSD

INOVA-500 "inovaSooc"

Pulse 34.6 degrees

ACQ. time 1,09z sec

Width 29996.3 Hz

640 repetitions

OBSERVE C13, 125.5938225 MHz

DECOUPLE H1, 499.8778587 MHzZ

Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING |
Line broadening 1.0 Hz

FT si1ze 65536 |
Total time 18 min, 49 sec i

160 150 140 130 120

Supporting Information

Br BnN

Iz

- R . [ W
. ; . ; , :
7 ] 5 4 3
I.lex ﬂ.i‘?_y. 1.00
0.83.7%.93 1.03
(0]
Br BnN
[l H
N
H

100 a0 80 70 60 50 ag 30
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Pulse Sequence: s2pul
Solvent: CDC13

Temp. 25,9

INOVASse) 298.1 K

c/
"inova500c"

Pulse 65.2 degrees

ACq. time 2.185 sec

Width 7439.8 Hz

16 repetiti

OBSERVE

"‘L‘I:UP:DCE:SINE
roadening 0.

FT stz 3255 0 0Tt M

Total time ¢ min, 39 sec

Pulse Sequence: $2pul

Solvent: CDC13
Temp. 25.0 C / 298.1 K

user: 1-14-87
INOVA-500 “inova500c"

Pulse 34.6 degrees

Acq. time 1.092 sec

width 29996.3 Hz

288 repetitions

OBSERVE C13, 125.6931693 MHz
DECOUPLE Hl, 489.8754943 MHz
Power 45 dB

contfnuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 4% sec

170.811

160.957

e 159.057

ons
Hl, 488.8729948 MHz

137.536
136.909

—136.815

0.891.570.82 1.

— -

BnN

—

7 & 5 4

PR, 05z < e [
2.370.760.79 0.91

—-128.518

1277864

—127.230

BnN

77.255
‘4:]00
76.745

53.432

108.608

—122.788
_108.411

- 122.817
. 122.067
118,292

—119.212

-115.913
~—98.004

—97.800

e N LIRS CAB AP —

-47.723

2.02

3z.341

-30.127

Supporting Information

ppm

17.732
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E. A. Peterson and E. N. Jacobsen

Pulse Sequence: s2pul
Solvent: CDC13

Temp. 25.0 € / 298.1 K
INOVA-500 "inova500c”

Pulse 5.2 degrees
Acq. time 2.185 sec
Width 7499.8 Hz
16 repetitions

Hl, 499.8729948 MHz

OBSERVE

DATA PROCESSING

Line broadening 0.1 Hz
FT size 32768

Total time 0 min, 39 sec

Pulse Sequence: s2pul
Solvent: CDC13

Temp. 25.0 C / 298.1 K
user: 1-14-

INOVA-500 "inovaS500c"

Pulse 34.6 degrees

Acq. time 1.092 sec

Width 29996.3 Hz

352 repetitions

OBSERVE Cl13, 125.6931684 MHz
DECOUPLE H1, 489.8754943 MHz
Power 45 dB

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 min, 49 sec

170.782

~137.477
-~ ~—137.222

L Ly

0.951.5%

0.68.560.75

-—128.541

337
127.878

-1

~ 127.267

N—124.062
\—123. 148
120.464
118,387

h_116.044

111.565

Cl

Cl

BnN

Iz

BnN

Iz

—77.25%

#7.,000
76.745

Supporting Information

32.348

47.715
30.164

53.323

160

Sé1

17.724
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Pulse Sequence: szpul

solvent: COCI3
Temp. 25.0 C / 288.1 K
INOVA-500 “inovaSooc"

Pulse 70.3 degrees
Acq. time 2.185 sec

width 74939.8 Hz

16 repetitions
OBSERVE  H1, 499.8729953 MHz 0
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768
Total time 0 min, 39 sec HN
| H
N
H
{
[/ —
|
i
J |
- L L _ —
— R T R e A e S | - - ey
8 7 6 5 4 3
1.12 0.87 1.95 1.00
0.90 0.88 1.12

Pulse Sequence: szpul

selvent: COC13
Temp. 25.0 C / 298.1 K
User: 1-14-87

INOVA=500 “{inovasooc"

Pulse 37.5 degrees
Acg. time 1.082 sec

ons
OBSERVE C13, 125.6931684 MHz
DECOUPLE H1, 439.8754943 MHz
Power 44 dB
continuously on HN
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
FT size 65536
Total time 18 min, 49 sec

~—122.518
—121.10§
119.785

77.000
—76.745

——118.788
. 77.248
I=z
30.455
29.457

117,138
———111.587
51.546

136.851
~125.118

178.298

- ; 5 i i
180 160 140 120 100 80 60 a0
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Pulse Sequence: s2pul

Solvent: COC13
Temp. 25.0 C 7 298.1 K
INOVA=500 "inovaS00c"

Pulse 65.2 degrees
Acg. time 2.185 sec
Width 7499.8 Hz
16 repetitions
OBSERVE  HL, 499.8729948 MHz
DATA PROCESSING
Line broadening 0.1 Hz
FT size 32768
Total time 0 min, 39 sec

T T T .

7 6
20.13 }
2.13

Pul.  quence: szpul |
Solw : CDC13

Temp. _3.0 C / 238.1 K
User: 1-14-

INova-500 “inova500c"

Pulse 34.6 degrees

Acg. time 1.092 sec

Width 29996.3 Hz

480 repetitions

OBSERVE C13, 125.6931345 MHz
DECOUPLE HL, 499.8754843 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536 i
Total time 18 min, 49 sec

—

e T e e T T

160

SIS [ T

140

ik ek A

Supporting Information

Ph

5 4 3 2z p
TR L o R
.09 2.23 1.00 2.48 3.97 Z.35 ¥. ¥
0.97 0.98 3.88 1.08 5.33 12.17 1.3
N
N Z
\H/\NHBOC
Ph O
|
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‘
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E. A. Peterson and E. N. Jacobsen Supporting Information

Pulse Sequence: s2pul

Solvent: €OC13
Temp. 25.0 C / 298.1 K
INOVA-500 “inovaS00c"

Pulse 65.2 degrees

Acg. time 2.185 sec

Width 7499.8 Hz

16 repetitions

OBSERVE  HI, 499.8729953 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec Ph
~N s
Ne Ao U
| TR
Ph O NHy

/-’\ 'L/ ///

Wi /
J LJLJJLJU\ML,j \)\’Jp WM H\

r— == T e ———————— . s
8 7 6 5 4 3 2 1
[ . [ [EE b : S
11.56 1.86 0.65 1.64 2.02 1.30 3.58 10.28 1.98
3.13 1.37 - 1.00 1.06 4.98  1.18 9.98 1.16 3.31

Pulse Sequence: szpul

Solvent: CDC13
Temp. 25.0 C / 29B.1 K
User: 1-14-87
INDVA-500 “inovaS00c"

Pulse 34.6 degrees
Acg. time 1.092 sec
Width 29996.3 Hz
576 repetitions
OBSERVE C13, 125.6931675 MHz
DECOUPLE  HL, 499.8754943 MHz
Power 45 dB
continuousiy on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
65536

;;t::z:ine 18 min, 49 sec Ph\ S
N AL
N N
\HAH H
Ph O NH,

A T e T e P e R e A AR i ) i I LA e e

180 160 140 120 100 a0 60 d.D 20 ppm

o e T T
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Pulse Sequence: s2pul
Solvent: €DC13

emp. 23,0 C / 296.1 K
INOVA-500 “{inova500c”

Pulse 65.2 degrees

ons
OBSERV Hl, 439.8729953 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec

1.00
0.93

Pulse Seguence: s2pul

Solvent: COC13
Temp. 23.0 C / 296.1 K
User: 1-14-87
INOVA-500 '"inovaS00c"

Pulse 34.6 degrees

Acg. time 1.092 sec

Width 299956.3 Hz

224 repetitions

OBSERVE Cl3, 125.6931657 MHz
OECOUPLE HL, 499.8754343 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Total time 18 min, 49 sec

OH

160 140 120 100

SiEt,

OH
SiEt,

80

S65
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Pulse Sequence: szpul
Solvent: COCI3 {
Temp. 25.0 C / 288.1 K
INOVA-508  *{novaSooch

Pulse 65.2 degrees

Acq. time 2.185 sec

wWidth 7499.8 Hz

16 repetitions
OBSERVE Hl, 499.8729948 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 39 sec

SiEty

Pulse Sequence: s2pul

Solvent: CDC13
Temp. 25.0 C / 298.1 K

User: 1-i4
INOVA-500 *“inova500c*

Pulse 34.56 degrees re
Acg. time 1.032 sec =R
Width 29996.3 Hz e
480 repetitions

OBSERVE C13, 125.6931345 MHz
DECOUPLE H1, 499.8754943 MHz
Power 45 dB

a1.s11
7.7218
3.530

continucusly on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 18 min, 49 sec

141.58%

~131.141

197.307

34.279

o
-
a
o
-
A

142.073

164.832
125.635

1 T — B T L B -
200 180 160 140 1z0 100 a0 60 40 20 ppm
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Pulse Sequence:

Sclvent: COCI13
Temp. 25.0 C f 298.1 K
INOVA-500 “inovaS00c¢"

s2pul

Pulse 65.2 degrees

Acg. time 2.180 sec

Width 15000.9 Hz

18 repetitions

OBSERVE Hl, 499.8729753 MHZ
DATA PROCESSING

Line broadening 0.1 Hz
FT size 65536
Total time 0 min, 39 sec

S - -

Supporting Information

Ph__ ;
N

Ph O NS

EtySi

Jrj

: «u

T
13 12 11 10 ]

Pulse Sequence
Selvent: oo

szpul

1"0"5‘530 "inovasooc"

Pulse 34,6 degrees \:
Acq. time 1 osz se: =
Uigih 29805 3 N ~
1312 repet it jons
OBSERVE ' C13, 1256931675 MHz
DECOUPLE ru 499.8754343 MAz

Power 45

contiﬂuonsl on Ph 0
WALTZ-16 -uuunud

DATA PROCESSI

Line broaﬂenlng 1.0 Hz

FT size 65536

Total time 3 hr, 3 min, 35 sec

e T

i e

~
o
w -
&
W —
o=

Tl L T T

180 160 140

T
120

L

L B am ' T r e . ; .

100 an 60 40 20 ppm

S67




E. A. Peterson and E. N. Jacobsen

Supporting Information

H. 'H and “C NMR of chlorolactam intermediate 7 and related compounds

Data Collected on:
bor{s-1novason

Archive directory:
Jexport/homesi600/vnmrsys /data

Sample directory:

File: PROTON

Pulse Sequence: sipul
Solvent: CDC13

Temp. 22.0 C / 285.1 K

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 3.641 sec

Width 3596.9 HZ

14 repetitions

BSERVE  H1, 599.7754280 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 131072

Total time 2 min

D | |

Vi
T

—_—
40.59

Pulse Sequence: szpul
solvent: COCI3

Temp. 25.0 G/ 298.1 K
User: 1-14-87
INDVA=-500 “inovasioc”

Relax. delay 1.000 sec
Pulse 34.5 degrees

Acg. time 1.092 sec

width 29996.3 Hz

116 repetitions

OBSERVE €13, 125.6331657 MHz
DECOUPLE H1, 499.8754943 MHz
Power 45 dB

continuously on

WALTZ=16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 2 hr, 20 min, 9 sec

——174.628

128.315

128.745

/

—-127.667
az.528

—136.501

S - — - T ——
3.5 3.0 2.5 ppm
it ke ()
7.50__ 7.67 7.62
6.77  7.72
w
s
3
L
o
E]
A
= |
o 2
o ]
“
3 |
} H
|
]
m |
¥ el g
e e [T
80 60 40 20



E. A. Peterson and E. N. Jacobsen

pata Collacted on: L
barie=inovab il

Archive difsctory: O
Jaxportshame/ i B00 /YRl eys /data

Sample directory:

File: PROTON

Pulse Seguince: sZpul
Solvent: COCIY

Tenp. #%.0 & 7 285.1 K

Supporting Information

2 equiv.
TMSCI

BnN BnN

CDClg, rt
HO Ci H,

Relas, delay 1.00@ s&c
Pulse 45%.0 dagrees

Acq. me 3.641 8

Width 9586.9 Hz

4 repetitions

OBSERVE W1, 5499 7764264 WHz
DATA PROCESSING

Ling broadening 0.1 Hz

FT size 131072

Total time Z min

5. 588
5,595
5,588

2.851
2.766

5
e i 11

5088
5.064

-

2.023

T T T

200

180

160

g gy s

120

100
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N B e e S ML I

. - I ) —
] . __Jll__. IUL____ ) M
—_ | B e s B | T T T T L | T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 z.5
; S et fE— — ke —
29,99 7.57 7.85 15.6
7.4 788 745 .97
sup?  S2pul
BANPLE DEC. & VT
date Apr 2B 2007 dfrg F00.178
solvent COCIZ  dn
] wxp  dowr 38
- mutsrno; o :nl’ 1] o o
sfrg 125.761 dm ¥¥Y :
tn 13 dnm paert 2 equiv.
at 1.1 n
i wsfiiy el o BN ™SC  an
E aE n
i 15080 ol o
bs 2 temp .
tpuT 57 FROIGEESING CDClg, rt
et B.0 b - HO
di 1000 wifile
tor 0 proc ft
nt 1000 fn wat UEEd
ct 26 mat T
alock n
anin 56 werr
FLAGS WEHR
i1 n whs
in nwnt
dp ¥
hs nn
DISPLAY
5p ~2084.5 .
28000,
:: 1640 =5
BC 1] L
wE 250 @ o
hzmm 112.00 H=
15 500,00
Il 11768.5
rfp 9684.2
th T
ins 100.000
al cdc p
- ]
z w32 @
a B . ] =
] ik - -
'] ﬁt | ) £ :,I‘: o
. = =z = '
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E. A. Peterson and E. N. Jacobsen Supporting Information

pata Collected on:
bor ig=inovaiin
Archive directory:
Aexport/home; | S00/vrmrsys /data
Sample directory:

File: PROTON 0 1 equiv. o

Fulse Sequence: sZpul HCI (4.0 M in dioxane)

Solvent: COCI3

:,.u, 22.0 C 7 285.1 K BnN B S8R
gelax, delay 1.000 sec CDClj, rt ey
Pulse 450 degracs HO Cl H, L

cq. time 3.
Width 9586.9 Hz
6 repetitions
QBSERVE W1, S99, 7784186 MHz
maTa PROCESSING
Ling broadening 0.1 Hz
FT size 131872
Total time 2 min

dioxane ——»

I
©

-

B.508
581
5,586

—— 5, 087
i
FNTT

! 1 ! T T T T e T T
B.Iu 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 Ppm
. =87 i3.43

& ar.as fox 7,30 ¢ 14.36

Data Collected on:

Bords=inavakin
Archive directory:

.'uxporl..'ho-uuizu.h-mruudntu lo)
Sample directory:

File: PROTON

Pulse Sequence: sZpul BnN
Solvent: CDCIS

Temp. 2Z.0 € / 295.1 K

Eelax. delay 1.000 sec TMSO
Pulse 45.0 degrees

Acg. time 3,641 sec

Width 95859 Hz

B repetitions

OBSERVE | HL. 593.7754084 Wiz
DATA FROCESSING

Line broadening 0.1 Hz

FT =ize 131072

Total time 0 mis

_Ll_ L . _1._‘|L L L . _ﬁj\a"(_k_ R .J‘L_

T T
7 6 5 q 3 2 1 0 ppm
o A ey B e
0.22.98 1.00 o Las 0 8.29
.24 0.95 1.80 1.01 8.9%
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Pulge Seguence: sZpul

solvent: COIOD
T:-;.Fzs.n C/ 9.1 K
THOVA-500 “inowvahnoct

Felax. delay 2,000 sec
Puleg 54.3 n:gr:el
acg. time Z.1HS seC
width !:E?.B‘Hz
on
ﬂ;sE:&:‘ Hi, 499, 8730498 WHz
DATA FROCESSING
Ling broadening 0.1 HE
FT size 32768
Total vime ¥ mim, 22 gecC

(0]
BnN
AcO H,

ds-Et,0
room temp.

-E 200

Z.180

1,922

<1

L 1.903
1

Supporting Information

L.0G0

3.342
3.360
T N3
h—1.%31

F.2E3
— 7,241
P A—
1.081
—1.07

_,f'-_-’ 077

—4.668
—4.531
 —4.i6D
—4.130
—1.0%9
1087

Ed &}
T.184

JoEkl

—=

.‘9‘:" 8.68

Pulse Seguence: S2pul

Solvent: Acetone

Temp. =30.0 C / 743.2 K

Filg: ng-\l-zugn-sm:n (@]

INOVA=50 “incvadaect

Pulse B5.F degrees |
fgg. time 2.185 sec BnN ] |
Width 15008.9 H:
1§ repetitions
DESERVE  HI, &35 BT48507 MHz
DATA PROCESSING
Lime broadening (0.1 HE
FT size 131872
Total time 0 win| 39 sec

AcO H,

dg-Et,0
-30°C

==

jJ.JL_.__ UL W
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#ap-¥—246 THSCladdn—30C 8:38 an

Pulse Sequence: SEpul
Eolvent: Acetons

Temp. —20.0 C f 243.2 K
INOVA-500  “inovaSiic"

Pulse 5.2 degrees
Acg. thme 2,185 sec
Width 15000.9 Mz
16 repetitions
OBSERVE HI, 493.8748505 MHz
DATA PROCESSING
me broadening 0.1 Mz
FT size 131
Total time @ min, 33 sec

Jacobsen

Supporting Information

I

i 2 equiv. TMSCI Q |
0ds-Eto0
BnN gise BnN
-30 °C
AcO Ha Cl Hp _
1
10 min | ||
|
[ |
| |
H | I
a ‘ ||
H | (I
l b | |I I f
| 1 i
} . . | | | i
n ! ] | 1 1‘, | [ u
4 ’]._ S S . m I .‘_ A .alla T L _.JJLJ Y | L"‘Ua— _L..|Ilb.-.l_n_ | _
; B 5 a I3 ZI’ I 1I =i ppm‘
14.-:’-1 4. l‘3 o 3.-33 . 7.8% .lajr! ’ 18.71
3.43 3.8 3.66 .39 26 .42
!ap-U-2liTH>C|lﬂIll A:43 pm
Pulse Sequefice: s2pul ,
Solvent: Af&loma /
Temp. —30.9 © ;5 24P K
INOVA-500 inovaS0ac'" |
Pulse B5.2|degress |
Acg. time F.185 sec
Wwidth L5000.9 Mz
i6 repetitione )
oBSERVE M), 455 . AT48505 MHz {
nf‘::e’:?&ﬁ“-m .1 Hz |
7 size 1L31D7
Total time min, 38 $&C
© 2 equiv. TMSCI 9
0s-Eto0
; BnN Ol BnN
| —30°C
| AcO Ha Cl Hy
' 15 min
I
1 |‘
| |
Ha ‘ I
| - |
| |
Ho |
':I l [ : r | ! | |
J l { gl | | i
IR L
it | \: | ;
I .ll-_,_____ J'___I _ J___ B N t-u._ﬂ__,\_, ku _,_,_J;,L MJ‘-a—La‘Ld_n |
7 5 5 R 2 t <o epm
n_'sa'.a'“ 1.9 . os PR n_'” 0 -:;u-.st . i ;z'z' 861 , laa
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eap-V-24ETHSCladdn 8:52pn | |

Pulse Sequenpe: s2pul | |

Solvent: Acptone |
Temp. =30.0(C ; 243.2 K { it
IHOVA-500  “Qnmovabiie” | i

Pulse E5.7 degrees

Acq. time z|185 sec i -
wWidth 15008,9 Hz
16 repetitions I
OBSERVE H1p 409, 8749505 MHz
DATA PROCESSE
Line broadening 0.1 Hz i
FT size 1318
Total time 0|/ min, 39 sec
r 0 2 equiv. TMSCI 0 | .
f ds-Et,0 '
BnN - BnN . .
-30°C | I
AcO H, Cl Hp |

25 min

|
_‘ﬁlt 1AV U
————— e T

L EY [R1] 100 B.68 1.08 2.1B  2.76 9.32
5.BE a.87 099 8.77 :.08 2.2 0,83
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