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1. Generalities:

Dry solvents were purchased from Aldrich, Fisher Scientific, Acros Organics or Alfa Aesar and used
as received. Starting materials were purchased from Aldrich, Fisher Scientific, Acros Organics or Alfa
Aesar. Isocyanides were prepared according to the two step Ugi or one-step Hoffmann methods. *H-
and *C NMR spectra were recorded on a Bruker Ultrashield Plus 600. Chemical shift values are in
ppm relative either to CDCI; or DMSO-dg. Abbreviations used are s = singlet, brs = broad singlet d =
doublet, dd = double doublet, t = triplet, td = triple doublet, dt = double triplet g=quartet, m=multiplet;
data in parenthesis are given in the following order: multiplicity, number of protons, and coupling
constants in Hz. MS spectra were recorded on a Waters Super Critical Fluid Chromatograph with a
3100 MS Detector using solvent system of Methanol and CO, on an ethyl pyridine. Purifications were
done on either the Waters Super Critical Fluid Chromatograph Prep 100 system using CO2 and
Methanol or the Teledyne ISCO Combiflash RF System using Hexane/Ethyl
Acetate/Dichloromethane/Methanol or silica gel prep TLC plate.

2. General procedure of Ugi-Cyclization reaction yielding oxoisoindolines:

A mixture of L-amino acid (0.5 mmol), aldehyde (0.5 mmol), isocyanide (0.5 mmol) and primary or
secondary amine (0.5 mmol), in TFE (5 mL) were stirred at 85 °C for 24 — 72 hours. SFC-MS trace
showed both the Ugi product as well as the desired cyclized product. TFE was evaporated under
reduced pressure and residue was dissolved in DCM. Unreacted amino acid was filtered off and
filtrate was evaporated and dissolved in 1 mL EtOH and let sit in an oil bath at 60°C for 24 hours to
allow for the remainder of the Ugi product to cyclize. Precipitate was filtered off and confirmed to be
the desired cyclized product by SFC-MS and NMR.

N-benzhydryl-2-(1-((2,2-diphenylethyl)amino)-3-methyl-1-oxopentan-2-yl)-3-oxoisoindoline-1-
carboxamide [7a]: 35% yield as a white solid 'H NMR (600 MHz, CDCI3) 6 0.52 (d, J = 6.6 Hz, 3H),
0.66 (t, J = 7.2 Hz, 3H), 1.13 — 1.18 (m, 2H), 1.57 (s, 2H),
1.92 - 1.96 (m, 1H), 3.34 — 3.38 (m, 2H), 3.87 — 3.94 (m,
2H), 4.04 (t, J = 8.1 Hz, 1H), 5.04 (s, 1H), 6.13 (d, J = 8.1
O Hz, 1H), 6.95 — 6.97 (m, 2H), 7.04 — 7.13 (m, 10H), 7.16 —
0 7.21 (m, 9H), 7.43 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.6, 1H),
o H 7.59 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 7.4 Hz, 1H), 8.46 —
8.47 (m, 1H); *C NMR (150 MHz, CDCl;) & 11.0, 15.4,
0O 27.1, 29.7, 34.1, 43.9, 50.5, 57.3, 64.0, 123.3, 123.8, 126.8,
126.9, 126.9, 127.1, 127.5, 128.0, 128.1, 128.3, 128.5,
128.6, 128.7, 129.0, 130.0, 132.6, 140.7, 141.5, 141.7, 142.2, 167.2, 170.8, 170.9 ppm. SFCMS

(APCI, m/z): [M]" calc.:636.31; found: 636.33.
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N-benzhydryl-3-0x0-2-(1-0x0-3-phenyl-1-((3-phenylpropyl)amino)propan-2-yl)isoindoline-1-
carboxamide [7b]: 50% vyield as a yellow oil 'H NMR
(600 MHz, Chloroform-d) & 1.52 — 1.61 (m,2H), 2.41 —
O 2.48 (m, 2H), 2.90 — 2.94 (m,1H), 2.99 — 3.04 (m, 1H),
H 3.14 - 3.20 (m, 2H), 4.58 (dd, J = 10.7, 6.3 Hz, 1H), 5.30
N (s, 1H), 5.47 — 5.50 (m, 1H), 6.40 (d, J = 8.8 Hz, 1H),

N“O 6.90 (d, J = 7.3 Hz, 1H), 7.11 — 7.13 (m, 1H), 7.19 — 7.33
O y (m, 12H), 7.47 — 7.48 (m, 1H), 7.52 (t, J = 7.4 Hz, 1H),
7.60 (t, J = 7.5 Hz, 1H), 7.84 (t, J = 8.2 Hz, 1H), 10.29 (d,

o J = 8.9 Hz, 1H); *C NMR (150 MHz, CDCl3) & 30.6, 32.9,
35.1, 39.3, 57.1, 60.2, 63.4, 123.5, 123.5, 126.0, 127.0,
127.1, 127.3, 128.4, 128.4, 128.5, 128.5, 128.8, 128.9,
129.0, 129.7, 132.6, 135.7, 140.6, 141.3, 142.2, 142.3,
167.8, 170.7, 171.4 ppm. SFCMS (APCI, m/z): [M]" calc.: 608.28; found: 608.36

I

N-benzyl-2-(4-methyl-1-morpholino-1-oxopentan-2-yl)-3-oxoisoindoline-1-carboxamide [7c]:

42% vield as a yellow solid '"H NMR (600 MHz, CDCl;) & 0.79-0.86

(m, 12H), 1.42-1.46 (m, 2H), 1.57-1.61 (m, 1H), 1.64-1.68 (m, 2H),

1.74-1.78 (m, 1H), 3.35-3.47 (m, 4H), 3.51-3.61 (m, 5H), 3.62-3.70

H O (m, 5H), 3.77-3.88 (m, 2H), 4.16-4.25 (m, 2H), 4.37 (dd, J=14.6,
OO

6.4Hz, 1H), 4.46 (dd, J=14.6, 6.3Hz, 1H), 4.94 (t, J=7.4Hz, 1H), 5.12

(s, 1H), 5.29 (t, J=7.5Hz, 1H), 5.41 (s, 1H), 7.01-7.02 (m, 1H), 7.10-

7.13 (m, 3H), 7.14-7.18 (m, 4H), 7.19-7.24 (m, 4H), 7.38-7.44 (m,

3H), 7.48 (q, J=7.7 2H), 7.67 (d, 6.1Hz, 1H), 7.70-7.71 (m, 2H), 9.39-

N 9.40 (m, 1H); *C NMR (150 MHz, CDCls) & 22.3, 22.7, 22.8, 23.0,

<\\> 25.0, 25.4, 38.3, 38.7, 43.0, 43.5, 43.8, 46.7, 49.6, 51.3, 62.8, 63.7,

) 66.4, 66.6, 122.4, 123.1, 123.5, 124.0, 127.2, 127.7, 127.9, 128.0,

128.4, 128.7, 129.0, 129.0, 129.9, 130.6, 132.5, 132.6, 137.6, 138.1, 142.5, 142.6, 168.4, 168.5,
169.6, 170.1, 170.4, 171.2 ppm. SFCMS (APCI, m/z): [M]" calc.: 450.23; found: 450.21.

N-benzyl-5,7-dimethoxy-2-(4-methyl-1-morpholino-1-oxopentan-2-yl)-3-oxoisoindoline-1-
carboxamide [7d]: 40% vyield as a yellow solid Diastereomer A: 'H NMR (600 MHz, Chloroform-d) &
~ 0.93 (d, J = 6.7 Hz, 3H), 0.97 (d, J = 6.6 Hz, 3H), 1.57 — 1.63 (m,
0 1H), 1.77 — 1.80 (m,2H), 3.46 — 3.59 (m, 4H), 3.64 — 3.68 (m, 4H),
3.71 (s, 3H), 3.86 (s, 3H), 4.32 (dd, J = 14.8, 4.8 Hz, 1H), 4.72 (dd, J
=14.8, 7.0 Hz, 3H), 5.13 (s, 1H), 5.51 (t, J = 7.6 Hz, 1H), 6.57 (d, J =
\O 2.1 Hz, 1H), 6.87 — 6.89 (m, 1H), 6.93 (d, J = 2.0 Hz, 1H), 7.29 —
H o 7.31 (m, 1H), 7.35 — 7.36 (m, 4H); *C NMR (151 MHz, CDCl;) &
©\/N N 22.6, 22.7, 22.8, 24.9, 38.8, 42.5, 43.9, 46.5, 49.0, 55.9, 60.9, 66.8,
67.0, 98.3, 103.1, 122.9, 127.5, 128.0, 128.6, 133.6, 137.9, 154.8,
OO 162.3, 167.7, 169.1, 169.4 ppm Diastereomer B:'H NMR (600 MHZz,
N Chloroform-d) & 0.92 (d, J = 6.7 Hz, 3H), 0.94 (d, J = 6.5 Hz, 3H),
1.34 — 1.39 (m, 1H), 1.78 (t, J = 7.2 Hz, 2H), 3.48 — 3.61 (m, 4H),
&\> 3.66 (s, 3H), 3.69 — 3.82 (m, 4H), 3.86 (s, 3H), 4.22 (dd, J = 14.8,
o 4.5 Hz, 1H), 4.63 (dd, J =14.8, 7.2 Hz, 1H), 4.97 (s, 1H), 5.38 (t, J =
7.5 Hz, 1H), 6.53 — 6.58 (M, 2H), 6.96 (d, J = 2.1 Hz, 1H), 7.25 — 7.37 (m, 5H); *C NMR (150 MHz,
CDCl3) 6 22.52, 23.00, 24.54, 39.23, 42.46, 43.87, 45.96, 48.43, 55.36, 55.91, 59.38, 66.23, 76.84,
77.05, 77.27, 98.64, 103.12, 127.43, 127.93, 128.55, 133.58, 138.06, 154.70, 162.38, 166.37, 167.87,

168.71 ppm. SFCMS (APCI, m/z): [M]" calc.: 510.25; found: 510.28.

General procedure of Ugi-Cyclization reaction yielding dioxopyrrolidines:

A mixture of L-amino acid (0.5 mmol), ketone (0.5 mmol), isocyanide (0.5 mmol) and primary or
secondary amine (0.5 mmol), in TFE (5 mL) were stirred at 85 °C for 24 — 72 hours. Solvents were
concentrated under nitrogen to 0.5-1.0 mL and then Cs,CO; was added to mixture. Resultant mixture
was heated at 85 °C for overnight. Reaction mixture was diluted with DCM and water, extracted with
DCM, dried over MgSQ,, filtered and solvents were evaporated to get crude product, which was
purified by SFC or flash chromatography to yield title compound.
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2-((2-benzyl-1,3-dioxooctahydro-1H-isoindol-3a-yl)amino)-N-butylacetamide [9a]: 40% vyield as
a white solid; *H NMR (600 MHz, CDCl3) 6 0.93 (t, J = 7.8 Hz,

o 3H), 1.13-1.20 (m, 1H), 1.31-1.41 (m, 3H), 1.45-1.57 (m, 5H),
1.63-1.66 (M, 1H), 1.71-1.74 (m, 1H), 2.21-2.25 (m, 1H), 2.66 (d,

Q\/N Nﬂfo J = 5.4 Hz, 1H), 3.03 (d, J = 17.4 Hz, 1H), 3.26 (q, J = 13.8, 7.2
5 H N Hz, 2H), 3.45 (d, J = 17.4 Hz, 1H), 4.63 (dd, J = 31.4, 14.4 Hz,

2H), 7.09 (s, 1H), 7.27-7.33 (m, 5H); BC NMR (150 MHz, CDCly)

6 13.7, 19.7, 20.1, 20.1, 21.5, 31.7, 33.5, 38.8, 42.4, 42.6, 47 4,
62.8, 128.0, 128.5, 128.7, 135.6, 170.6, 175.9, 180.1 ppm. SFCMS (APCI, m/z): [M]" calc 372.47;
found: 372.29.

(2S)-2-((2-cyclohexyl-1,3-dioxooctahydro-1H-isoindol-3a-yl)amino)-N-phenethylpropan-amide
[9b]: 49% vyield as a white solid; 'H NMR (600 MHz, CDCI3) &
o 0.97-1.05 (m, 2H), 1.10-1.30 (m, 5H), 1.38 ( d, J = 6.6 Hz, 3H),
1.40-1.42 (m, 1H), 1.44-1.47 (m, 1H), 1.51-1.58 (m, 3H), 1.61-1.64
/géo (m, 1H), 1.77-1.81 (m, 2H), 1.99-2.08 (m, 3H), 2.40 (d, J = 3.6 Hz,
0 1H), 2.76-2.81 (m, 1H), 2.84-2.91 (m, 2H), 3.37-3.43 (m, 1H),
O HN 3.66-3.71 (m, 1H), 3.85-3.91 (m, 1H), 7.21-7.25 (m, 3H), 7.30-7.34
(m, 3H); **C NMR (150 MHz, CDCl3) & 19.4, 19.7, 21.0, 21.8, 24.9,
25.6, 25.7, 28.4, 29.2, 35.0, 35.3, 39.8, 41.7, 51.5, 55.1, 62.9,
126.7, 128.6, 128.7, 138.5, 174.9, 175.8, 181.4 ppm. SFCMS

(APCI, m/z): [M]" calc.: 426.56; found: 426.34.

(2S)-N-(2-ethoxyethyl)-3-(1H-indol-3-yl)-2-((2-(2-methoxyphenethyl)-1,3dioxooctahydro-1H-
isoindol-3a-yl)amino)propanamide [9c]: 45% vyield as a light
brownish solid; 'H NMR (600 MHz, CDCI3) & 1.00-1.03 (m, 1H),
1.05 (t, J = 7.2 Hz, 3H), 1.12-1.17 (m, 1H), 1.21-1.28 (m, 1H), 1.32-

o s _NH 1.35 (m, 1H), 1.39-1.45 (m, 2H), 1.52-1.55 (m, 1H), 1.97 (brs, 1H),
2.15 (d, J = 13.8 Hz, 1H), 2.47 (d, J = 6.6 Hz, 1H), 2.93-2.98 (m,

N N o 3H), 3.10 (dd, J = 14.4, 6.0 Hz, 1H), 3.12-3.16 (m, 1H), 3.21-3.25

o (m, 1H), 3.25-3.29 (m, 1H), 3.30-3.36 (m, 2H), 3.41 (dd, J = 14.4,
HN 3.6 Hz, 1H), 3.47-3.54 (m, 1H), 3.82 (t, J = 6.6 Hz, 2H), 3.86 (s, 3H),
— /7 6.86-6.91 (m, 2H), 7.04-7.06 (m, 2H), 7.09 (t, J = 7.2 Hz, 1H), 7.16
o} (t, J = 7.2 Hz, 1H), 7.23 (dt, J = 8.4, 1.8 Hz, 1H), 7.34 (d, J = 7.8 Hz,

1H), 7.57 (t, J = 5.4 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H), 8.43 (s, 1H);

“C NMR (150 MHz, CDCl3) & 14.9, 19.4, 20.0, 22.1, 28.3, 28.5,

35.1, 38.0, 38.9, 42.6, 55.4, 57.9, 62.8, 66.2, 68.9, 110.1, 110.6, 111.0, 119.2, 119.6, 120.4, 122.1,

123.5, 126.0, 128.1, 128.3, 130.7, 136.2, 157.9, 174.1, 176.1, 181.2 ppm. SFCMS (APCI, m/z): [M]

calc.: 561.68; found: 561.42.

o)

(25)-2-((1-(2-(1H-indol-3-yl)ethyl)-3-methyl-2,5-dioxopyrrolidin-3-yl)amino)-N-isopropyl-3-
phenylpropanamide [9d]: 34% vyield as a light yellowish
solid; "H NMR (600 MHz, CDCl;) 5 1.06 (dd, J = 14.4, 6.6 Hz,

o)
N 6H), 1.12 (s, 3H), 1.75 (brs, 1H), 2.36-2.45 (m, 2H), 2.63 (dd, J

N = 13.2, 5.4 Hz, 1H), 2.67 (brs, 1H), 2.94 (dd, J = 13.2, 4.8 Hz,

5 1H), 3.06-3.17 (m, 2H), 3.75-3.80 (m, 1H), 3.89-3.94 (m, 1H),

it W 3.99-4.05 (m, 1H), 6.99 (d, J = 2.4 Hz, 1H), 7.03-7.05 (m, 2H),

7.14 (t, J = 7.2 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 7.22-7.25 (m,

3H), 7.37 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 8.36 (s,

1H); *C NMR (150 MHz, CDCly) & 22.5, 22.6, 22.8, 25.5,
38.7, 39.3, 40.2, 41.0, 58.1, 60.2, 111.4, 111.6, 118.7, 119.5, 122.2, 122.6, 127.1, 127.3, 128.6,
129.7,135.9, 136.4, 172.3, 174.0, 180.1 ppm. SFCMS (APCI, m/z): [M]" calc.: 461.57; found: 461.31.

General procedure of Ugi-Pictet-Spengler type reaction:

A mixture of L-amino acid (0.5 mmol), ketone (0.5 mmol), isocyanide (0.5 mmol) and
aminoacetaldehyde dimethyl acetal (0.5 mmol), in 0.1 M of MeOH/H,O (4:1) were stirred for 24 — 72
hours at room temperature. Solvents were evaporated under reduced pressure and residue was
dissolved in DCM. Unreacted amino acid was filtered off and filtrate was evaporated to get crude
product. The crude Ugi product was dissolved in formic acid (2 mL) and stirred for 16 h at room
temperature. Reaction mixture was quenched with ag. NaHCO3;, extracted with DCM, dried over
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Na,SQ,, filtered and solvents were evaporated to get crude product, which was purified by SFC or
Isco to yield title compound.

2-methyl-2-((5S)-4-0x0-2,3,4,5,6,11-hexahydro-1H-1,5-epiminoazocino[4,5-b]indol-12-yl)-N-
phenethylpropanamide [11a]: 44% vyield as a light yellowish

H
N% N solid: *H NMR (600 MHz, CDCls) & 1.07 (s, 3H), 1.35 (s, 3H),
N 2.81-2.76 (m, 1H), 2.90-2.86 (M, 2H), 3.00-2.95 (M, 2H), 3.11
% (dd, J = 11.4, 4.2 Hz, 1H), 3.50-3.46 (m, 1H), 3.56-3.52 (m,
O N
H

1H), 3.76 (d, J = 3.6 Hz, 1H), 4.04 (d, J = 5.4 Hz, 1H), 6.40

(s, 1H), 7.08 (t, J = 7.2 Hz, 1H), 7.13 (t, J = 7.8 Hz, 1H), 7.19

(d, J = 7.2 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 7.31-7.27 (m, 3H), 7.43-7.39 (m, 2H), 8.76 (s, 1H); °C

NMR (150 MHz, CDCl;) & 20.3, 24.8, 25.2, 35.3, 40.5, 47.1, 47.4, 55.1, 63.6, 108.0, 111.1, 118.2,

119.6, 122.1, 126.5, 126.7, 128.6, 128.7, 131.8, 135.7, 138.6, 173.1, 176.9 ppm. SFCMS (APCI, m/z):
[M]" calc.: 417.52; found: 417.30.

N-benzyl-1-((5S)-4-ox0-2,3,4,5,6,11-hexahydro-1H-1,5-epiminoazocino[4,5-blindol-12-
yl)cyclohexanecarboxamide [11b]: 40% vyield as a light
yellowish solid; 'H NMR (600 MHz, CDCl3) & 1.86-1.47 (m, 7H),
1.31-1.12 (m, 3H), 3.04-2.91 (m, 3H), 3.32-3.30 (m, 1H), 4.27-

H H
N
N N 4.15 (m, 4H), 6.24 (s, 1H), 6.97-6.94 (m, 1H), 7.08-7.03 (m, 2H),
% 7.17-7.14 (m, 2H), 7.26-7.22 (m, 3H), 7.39 (d, J = 7.2 Hz, 1H),
o0=<y 8.99 (s, 1H); 3C NMR (150 MHz, CDCls) & 22.9, 23.3, 24.9, 25.4,
H

31.0, 33.6, 43.5, 45.8, 47.9, 54.6, 65.0, 107.7, 111.2, 118.0,
119.3, 121.8, 126.7, 127.5, 127.7, 128.7, 132.9, 135.7, 138.3, 173.4, 175.1 ppm. SFCMS (APCI, m/z):
[M]" calc.: 443.55; found: 443.31.

N-cyclohexyl-1-((5S)-4-o0x0-2,3,4,5,6,11-hexahydro-1H-1,5-epiminoazocino[4,5-b]indol-12-
yl)cyclohexanecarboxamide [11c]: 48% vyield as a light
H yellowish solid; *H NMR (600 MHz, CDCl;) & 1.32-0.98 (m, 9H),
QN H 1.87-1.51 (m, 11H), 2.99 (d, J = 16.2 Hz, 1H), 3.08 (dd, J = 16.2,
N | 6.0 Hz, 1H), 3.21 (dd, J = 10.8, 3.0 Hz, 1H), 3.56-3.51 (m, 2H),
% 4.30-4.27 (m, 2H), 6.35 (d, J = 7.8 Hz, 1H), 6.43 (s, 1H), 7.03 (t, J
0] N = 7.2 Hz, 1H), 7.07 (t, J = 7.2 Hz, 1H1), 7.16 (d, J = 7.8 Hz, 1H),
H 7.40 (d, J = 7.8 Hz, 1H), 9.26 (s, 1H); °C NMR (150 MHz, CDCl5)
0 22.8, 23.4, 24.7, 24.8, 24.9, 25.3, 254, 30.9, 32.7, 33.0, 34.0, 45.9, 48.2, 48.3, 54.7, 64.8, 107.6,

111.3, 117.9, 119.2, 121.6, 126.8, 132.9, 135.6, 173.4, 174.1 ppm. SFCMS (APCI, m/z): [M]" calc.:
435.57; found: 435.37.

1-((5S)-4-ox0-2,3,4,5,6,11-hexahydro-1H-1,5-epiminoazocino[4,5-b]indol-12-yl)-N-
phenethylcyclobutanecarboxamide [11d]: 30% yield as a
white solid; '"H NMR (600 MHz, DMSO-dg) & 1.46-1.55 (m,

H H
Nﬁé 2N N 2H), 2.13-2.22 (m, 4H), 2.62-2.72 (m, 2H), 2.74 (d, J = 15.6
% | Hz, 1H), 2.93 (dd, J = 15.6, 6.0 Hz, 1H), 3.05 (dd, J = 11.4,
o 3.6 Hz, 1H), 3.23-3.32 (m, 2H), 3.56 (dd, J = 12.0, 4.8 Hz,
N

1H), 3.83 (d, J = 5.4 Hz, 1H), 4.20 (d, J = 4.2 Hz, 1H), 6.95 (t,

J=7.2Hz 1H), 7.04 (t, J = 7.2 Hz, 1H), 7.14 (d, J = 7.8 Hz,
2H),7.17 (t, J = 6.6 Hz, 1H), 7.25 (t, J = 7.2 Hz, 2H), 7.31 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 5.4 Hz, 1H),
10.74 (s, 1H); **C NMR (150 MHz, DMSO-dg) 8 13.7, 24.6, 28.4, 28.9, 34.9, 40.5, 46.0, 46.8, 54.9,
66.5, 107.0, 111.2, 117.6, 118.5, 120.8, 126.0, 126.4, 128.3, 128.5, 133.7, 135.6, 139.4, 171.35,
173.9 ppm. SFCMS (APCI, m/z): [M]" calc.: 429.53; found: 429.31.

(59)-1,5-dibenzyl-3,3-dimethyltetrahydroimidazo[1,2-a]pyrazine-2,6(3H,5H)-dione [13a]: 63%

yield as a light yellowish solid; "H NMR (600 MHz, CDCl3) 5 0.97 (s,

o§>( 3H), 1.22 (s, 3H), 2.90 (dd, J = 13.2, 4.8 Hz, 1H), 3.05-3.13 (m, 2H),
N 3.20-3.24 (m, 1H), 3.67 (dd, J = 7.2, 4.8 Hz, 1H), 4.05 (d, J = 15.6

N—/ o) Hz, 1H), 4.10 (dd, J = 9.0, 4.8 Hz, 1H), 4.78 (d, J = 15.6 Hz, 1H),
“—NH 7.08-7.11 (m, 3H), 7.12-7.15 (m, 5H), 7.31-7.36 (m, 3H); °C NMR

(150 MHz, CDCl;) & 23.3, 25.5, 39.3, 44.1, 46.2, 56.0, 61.1, 64.4,

126.5, 127.5, 127.9, 128.0, 128.8, 129.7, 135.5, 137.7 ppm. SFCMS (APCI, m/z): [M]" calc.: 364.45;
found: 364.30.
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(5'S)-1',5'-dibenzyldihydro-1'H-spiro[cyclohexane-1,3'-imidazo[1,2- a]pyrazme] -2',6'(5'H,7'H)-

dione 13b]: 87% yield as a light yellowish solid; 'H NMR (600 MHz,
CDCl3) 6 0.83-0.88 (m, 1H), 0.99-1.05 (m, 1H), 1.23-1.29 (m, 1H),
1.36-1.42 (m, 2H), 1.48-1.67 (m, 3H), 1.78-1.85 (m, 1H), 2.04-2.10
(m, 1H), 2.86 (dd, J = 13.2, 4.8 Hz, 1H), 3.04 (dd, J = 13.2, 7.8 Hz,
1H), 3.10 (dd, J = 11.4, 8.4 Hz, 1H), 3.22 (dt, J = 12.0, 4.2 Hz, 1H),
3.68 (dd, J = 6.6, 4.8 Hz, 1H), 3.90 (d, J = 15.6 Hz, 1H), 4.08-4.11
(m, 1H), 4.77 (d, J = 15.0 Hz, 1H), 7.07-7.09 (m, 2H), 7.11-715 (m,

5H), 7.30-7.36 (m, 3H), 7.38 (brs, 1H); *C NMR (150 MHz, CDCl) & 21.8, 22.0, 24.9, 32.9, 34.4,
40.0, 43.8, 46.4, 55.5, 61.7, 63.9, 126.5, 127.6, 127.9, 128.0, 128.8, 129.7, 135.7, 137.6, 172.8, 175.0
ppm. SFCMS (APCI, m/z): [M]" calc.: 404.52; found: 404.32.

(5'S)-5'-benzyl-1'-phenethyldihydro-1'H-spiro[cyclopentane-1,3'-imidazo[1,2-a]pyrazine]-

2',6'(5'H,7'H)-dione [13c]: 40% yield as a light yellowish solid; H
NMR (600 MHz, CDCl3) 6 0.93-0.98 (m, 1H), 1.41-1.46 (m, 1H),
1.55-1.66 (m, 3H), 1.70-1.78 (m, 3H), 2.78-2.81 (m, 2H), 2.95 (dd,
J =13.2, 4.8 Hz, 1H), 3.00-3.11 (m, 3H), 3.31 (dt, J = 11.4, 4.2
Hz, 1H), 3.55 (dd, J = 7.8, 4.8 Hz, 1H), 3.75-3.80 (m, 1H), 4.07
(dd, J = 9.0, 4.2 Hz, 1H), 6.80 (brs, 1H), 7.16-7.19 (m, 4H), 7.22-
7.27 (m, 4H), 7.30-7.33 (m, 2H); *C NMR (150 MHz, CDCl;) &
25.1, 26.2, 33.9, 34.2, 36.3, 40.1, 42.0, 45.9, 57.0, 65.1, 70.5,

126.6, 126.7, 128.1, 128.6, 129.7, 138.0, 138.2, 172.2, 176.7 ppm. SFCMS (APCI, m/z): [M]" calc.:

404.23; found: 404.32.

(5'S)-5'-benzyl-1'-phenethyldihydro-1'H-spiro[cyclohexane-1,3'-imidazo[1,2-a]pyrazine]-

2',6'(5'H,7'H)-dione [13d]: 54% vyield as a light yellowish solid; 'H
NMR (600 MHz, CDCl;) 5 0.91 (td, J = 13.2, 4.8 Hz, 1H), 0.96-
1.04 (m, 1H), 1.30-1.38 (m, 2H), 1.44 (td, J = 9.0, 3.6 Hz, 1H),
1.49-1.53 (m, 1H), 1.57-1.59 (m, 2H), 1.73-1.80 (m, 1H), 1.94-
2.04 (m, 1H), 2.75-2.83 (m, 2H), 2.88 (dd, J = 13.2, 4.8 Hz, 1H),
3.04-3.11 (m, 3H), 3.33 (dt, J = 12.0, 4.2 Hz, 1H), 3.65 (dd, J =
7.2, 4.8 Hz, 1H), 3.72-3.77 (m, 1H), 4.16 (dd, J = 8.4, 4.8 Hz, 1H),
6.78 (brs, 1H), 7.16-7.21 (m, 4H), 7.21-7.26 (m, 4H), 7.30-7.32
(m, 2H); **C NMR (150 MHz, CDCls) & 21.8, 22.0, 24.9, 32.9,

33.8, 34.4, 40.0, 41.7, 46.4, 55.9, 61.7, 64.8, 126.6, 126.7, 128.1, 128.6, 128.7, 129.9, 137.9, 138.3,
172.4, 175.1 ppm. SFCMS (APCI, m/z): [M]" calc.: 418.24; found: 418.35.
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3. Chemical Descriptor/Drug Property analysis

A virtual library of 500,000 randomly generated compounds were made for each of the four reactions
using previously described methods (Koes, D. et al. PLoS One 2012, 7, €32839.). 1000 compounds of
each reaction were randomly selected and physiochemical properties relating to drug likeness were
analyzed via ChemAxon's Instant JChem Software (Instant JChem 5.9.2, 2012, ChemAxon
http://www.chemaxon.com). 3D compounds for PMI calculation were made using Moloc
(http://www.moloc.ch). Principal moment of inertia was calculated using Schrodinger's Maestro V
9.3(Suite 2012: Maestro, version 9.3, Schrddinger, LLC, New York, NY, 2012.)
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Sl-Fig 1: Distribution of molecular weight of 1000 randomly generated compounds of all four scaffold
classes.
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5. Single crystal X-Ray structure determination of Products 9a, 11d and 13c

General:

The data was collected on a X-ray single crystal diffractometer equipped with a CCD detector (Bruker,
APEX Il, k-CCD), a rotating anode (Bruker AXS, FR591) with MoK rad|at|on (4 =0.71073 A), and a
graphite monochromator by using the SMART software package The measurements were
performed on single crystals coated with perfluorinated ether. The crystals were fixed on the top of a
glass fiber, transferred to the diffractometer and frozen under a stream of cold nitrogen. A matrix scan,
using three short runs, was used to determine the initial lattice parameters. Reflections were merged
and corrected for Lorenz and polarization effects, scan speed, and background using SAINT.?
Absorptlon corrections, including odd and even ordered spherical harmonics were performed using
SADABS."? Space group assignments were based upon systematic absences, E statistics, and
successful refinement of the structures. Structures were solved by direct methods wrth the aid of
successwe difference Fourier maps, and were refined against all data using winGX™ based on SIR-
92.B Hydrogen atoms could be located in the difference Fourier maps and were allowed to refine
freely. If not mentioned otherwise, non-hydrogen atoms were refined with anisotropic drsplacement
parameters FuII matrix least-squares refinements were carried out by minimizing Tw(F,>-F¢%)* with
SHELXL-97" weighting scheme. Neutral atom scattering factors for all atoms and anomalous
dispersion correctlons for the non-hydrogen atoms were taken from International Tables for
Crystallography. M Images of the crystal structures were generated by PLATON . ccpc 922313 (9a),
CCDC 922314 (11d) and 92315 (13c) contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.

Single Crystal X-Ray Structure Determination of Product 9a

Figure 1 — Ortep drawing of product 9a with 50% ellipsoids.

Operator: *** Herdtweck ***
Molecular Formula: Cs1 Hyg N3 O3
Crystal Color / Shape Colorless plate
Crystal Size Approximate size of crystal fragment used for data collection:
0.05 x 0.13 x 0.41 mm
Molecular Weight: 371.47 a.m.u.
FOOO: 800
Systematic Absences: Okl: I#2n; hOl: h#2n; 00I: I#2n
Space Group: Orthorhombic P ca2; (I.T.-No.: 29)
Cell Constants: Least-squares refinement of 9924 reflections with the programs "APEX suite" and

"SAINT" % theta range 1.97° < < 25.40°; Mo(K&X ); A =71.073 pm

a= 1035.28(4) pm
b= 1033.25(3) pm
c= 1878.03(7) Em

V = 2008.94(12)-10° pm®; Z = 4; Deype = 1.228 gcm™; Mos. = 0.72
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Diffractometer: Kappa APEX Il (Area Diffraction System; Bruker AXS); rotating anode; graphite

monochromator; 50 kV; 40 mA; A = 71.073 pm; Mo(KQX )
Temperature: (-150+1) °C; (123t1) K
Measurement Range: 1.97° < §<25.40° h:-12/12, k:-12/12, |: -22/22
Measurement Time: 2 x 15 s per film
Measurement Mode:  measured: 9 runs; 4510 films / scaled: 9 runs; 4510 films
¢—- and o-movement; Increment: Agp/lAw = 0.50°; dx = 40.0 mm
LP - Correction: Yes?

Intensity Correction  No/Yes; during scaling®?
Absorption Correction: Multi-scan; during scaling; x = 0.083 mm™ @
Correction Factors: Tmin =0.6816 Tmax =0.7452

Reflection Data: 68063 reflections were integrated and scaled

4735 reflections systematic absent and rejected

63328 reflections to be merged

3686 independent reflections

0.027 Ry (basis Fo?)

3686 independent reflections (all) were used in refinements

3564 independent reflections with I, > 2o(1,)

99.5 % completeness of the data set

360 parameter full-matrix refinement

10.2  reflections per parameter
Solution: Direct Methods™; Difference Fourier syntheses
Refinement Parameters: In the asymmetric unit:

27 Non-hydrogen atoms with anisotropic displacement parameters

29 Hydrogen atoms with isotropic displacement parameters
Hydrogen Atoms: All hydrogen atom positions were found in the difference map calculated from
the model containing all non-hydrogen atoms. The hydrogen positions were refined with individual
isotropic displacement parameters.
Atomic Form Factors:  For neutral atoms and anomalous dispersion
Extinction Correction: no
Weighting Scheme:  w™ = ¢*(F,*)+(@*P)*+b*P

with a: 0.0354; b: 0.3238; P: [Maximum(0 or F,?)+2*F;’]/3
Shift/Err: Less than 0.001 in the last cycle of refinement:
Resid. Electron Density: +0.15 e,.. /A%, -0.16 e, /A
R |Fol-IFcl)/Z]Fo|

[4]

[Fo>40(Fo);  N=3564]: =0.0242
[all reflctns; N=3686]: =0.0259

WR2:  [ZW(F,2-F A% 3w(F, )42

[Fo>40(Fo);  N=3564]: = 0.0609

[all reflctns; N=3686]: =0.0624
Goodness of fit; [ZW(Fo2-F.%)%/(NO-NV)]*2 =1.064
Flack's Parameter : x =0.1(7)

Remarks: Refinement expression  Jw(F,>-F.%)?

The correct enantiomere could not be proved by Flack's Parameter.
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Single Crystal X-Ray Structure Determination of Product 11d

Figure 2 — Ortep drawing of product 11d with 50% ellipsoids.”

Operator: *** Herdtweck ***
Molecular Formula: Co6 Hog N4 O,
Crystal Color / Shape Colourless fragment
Crystal Size Approximate size of crystal fragment used for data collection:
0.33x 0.38 x 0.51 mm
Molecular Weight: 428.52 a.m.u.
Fooo: 456
Systematic Absences: 0kO: k#2n
Space Group: Monoclinic P2, (.T.--No.: 4)
Cell Constants: Least-squares refinement of 9155 reflections with the programs "APEX suite" and

"SAINT" &2 theta range 2.14° < 0< 25.52°; Mo(K& ); A = 71.073 pm

a= 682.29(1) pm
b= 1900.16(3) pm fS= 92.3910(7)°
c= 843.35(1) g)m s

V = 1092.42(3)-10° pm?; Z = 2; Dcae = 1.303 gcm™; Mos. = 0.40
Diffractometer: Kappa APEX Il (Area Diffraction System; Bruker AXS); sealed tube; graphite

monochromator; 50 kV; 30 mA; A = 71.073 pm; Mo(KX )

Temperature: (-150+1) °C; (123+1) K

Measurement Range: 2.14° < §< 25.52°; h:-8/8, k:-22/22, 1. -10/10

Measurement Time: 2 x 5 s per film

Measurement Mode:  measured: 6 runs; 3183 films / scaled: 6 runs; 3183 films
¢ and w-movement; Increment: Ap/Aw = 0.50°; dx = 50.0 mm

LP - Correction: Yes®

Intensity Correction  No/Yes; during scaling®?
Absorption Correction: Multi-scan; during scaling; x = 0.084 mm™* @
Correction Factors: Thin =0.6898 Tmax =0.7452
Reflection Data: 22029 reflections were integrated and scaled
90 reflections systematic absent and rejected

21939 reflections to be merged

4057 independent reflections

0.016 Ry (basis Fo?)

4057 independent reflections (all) were used in
refinements

4015 independent reflections with 1, > 20(1,)

99.5 % completeness of the data set

401 parameter full-matrix refinement

10.1  reflections per parameter
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Solution: Direct Methods ™ Difference Fourier syntheses
Refinement Parameters: In the asymmetric unit;
32 Non-hydrogen atoms with anisotropic displacement parameters
28 Hydrogen atoms with isotropic displacement parameters
Hydrogen Atoms: All hydrogen atom positions were found in the difference map calculated from
the model containing all non-hydrogen atoms. The hydrogen positions were refined with individual
isotropic displacement parameters.
Atomic Form Factors:  For neutral atoms and anomalous dispersion
Extinction Correction:  no
Weighting Scheme: W = PA(FoH)+H@*P)*+b*P
with a: 0.0390; b: 0.1287; P: [Maximum(0 or F,?)+2*F’)/3
Shift/Err: Less than 0.001 in the last cycle of refinement:
Resid. Electron Density: +0.17 eo;_/A3; -0.16 ey. IR
R 2IFol-IFcl)/Z]Fo|

[4,5,7]

[Fo>40(F,);  N=4015]: =0.0236
[all reflctns; N=4057]: =0.0239

WR2:  [SW(F>-F2) 3w (F,2)

[Fo>40(F,); N=4015]: = 0.0604

[all reflctns; N=4057]: =0.0606
Goodness of fit; [ZW(Fo2-F.%)%/(NO-NV)]*2 =1.043
Flack's Parameter : x =-0.2(7)

Remarks: Refinement expression  Jw(F,>-F.%)?

The correct enantiomere is proved by synthesis

Single Crystal X-Ray Structure Determination of Product 13c

[6]

Figure 3 — Ortep drawing of product 13c with 50% ellipsoids.

Operator: *** Herdtweck ***

Molecular Formula: Cy5 Hyg N3 O,

Crystal Color / Shape Colorless fragment

Crystal Size Approximate size of crystal fragment used for data collection:
0.36 x 0.61 x 0.64 mm

Molecular Weight: 403.51 a.m.u.

FOOO: 864

Systematic Absences: h00: h#2n; 0kO: k#2n, 00I: 1#2n
Space Group: Orthorhombic P 2,2,2; (I.T.-No.: 19)

Cell Constants: Least-squares refinement of 9827 reflections with the programs "APEX suite" and

"SAINT" 2 theta range 1.88° < 6 < 25.42°; Mo(K & ); A = 71.073 pm
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a 799.93(2) pm
b 1214.97(2) pm

c=  2171.98(4) pm

V =2110.93(7)-10° pm% Z = 4; Dgac = 1.270 gcm™®; Mos. = 0.67
Diffractometer: Kappa APEX Il (Area Diffraction System; Bruker AXS); sealed tube; graphite

monochromator; 50 kV; 30 mA; A = 71.073 pm; Mo(KX )

Temperature: (-150+1) °C; (123t1) K

Measurement Range: 1.88° < < 25.42°; h:-9/9, k:-14/14, |. -26/26

Measurement Time: 2 x 5 s per film

Measurement Mode:  measured: 7 runs; 3519 films / scaled: 7 runs; 3519 films
¢— and o-movement; Increment: Ap/Aw = 0.50°; dx = 50.0 mm

LP - Correction: Yes?

Intensity Correction No/Yes; during scaling®”
Absorption Correction: Multi-scan; during scaling; x = 0.081 mm™ g
Correction Factors: Thmin =0.7029 T max =0.7452
Reflection Data:47946 reflections were integrated and scaled
231 reflections systematic absent and rejected
47715 reflections to be merged
3904 independent reflections
0.017 Ry (basis Fy%)
3904 independent reflections (all) were used in
refinements
3859 independent reflections with 1, > 20(l,)
100 % completeness of the data set
388 parameter full-matrix refinement
10.1 reflections per parameter
Solution: Direct Methods * ™ Difference Fourier syntheses
Refinement Parameters: In the asymmetric unit:
30 Non-hydrogen atoms with anisotropic displacement parameters
29 Hydrogen atoms with isotropic displacement parameters
Hydrogen Atoms: All hydrogen atom positions were found in the difference map calculated from

the model containing all non-hydrogen atoms. The hydrogen positions were refined with individual
isotropic displacement parameters.
Atomic Form Factors: For neutral atoms and anomalous dispersion
Extinction Correction:  F¢ (korr) = KF[1+ 0.001 - ¢ -F.2- 2¥/sin(2@)]-1/4 SHELXL-97"; grefined to &=
0.0069(5)
Weighting Scheme:  w™ = ¢*(F,9)+(a*P)*+b*P

with a: 0.0256; b: 0.4759; P: [Maximum(0 or Fo2)+2*F.]/3
Shift/Err: Less than 0.001 in the last cycle of refinement:
Resid. Electron Density: +0.17 e,.. /A% -0.14 e, /A
R |Fol-IFcl)/Z]Fo|

[4,5,7]

[Fo>40(Fo);  N=3859: =0.0235

[all reflctns; N=3904]: =0.0238

WR2:  [SW(F>-F) Sw(F,2)

[Fo>40(Fo);  N=3859: =0.0577

[all reflctns; N=3904]: =0.0581
Goodness of fit; [SW(Fo2-F.2)%/(NO-NV)]*2 =1.064
Flack's Parameter : x =-0.1(8)

Remarks: Refinement expression ZW(FOZ-FCZ)2

The correct enantiomere is proved by synthesis
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MWW_S5J207_fr22 1: Scan AP+
3.25,636.33 TIC
1007 1.987
MW_SJ207_fr22 389 (3.277) 1: Scan AP+
63633 0.64e6
100
B37.31
o 5 5
42725 538,36
01 273.15.294.43 123221819 52915 59149 | 63948 0
200 250 300 350 400 450 500 550 600 650 700
O—rrrerrrr | FL L L3 LR R AL L EURLELEL FLELTL AR R L ) I LN P L (RS R, S P 7 PR PUELIER L ELEELE | L) P PR L P EUE L PRV IS T VAR USRI VLR = Time
1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00



Al

1 Bcan AP+

3.06,636.33 TiC
100 31687
H 1: Scan AP+
N © 636.33.. 1.5387
H 100
(0] N
N 37 31
e s
Isolated MS o)
42725 53832
32,11 453.08
O prrrrmrrrererry T‘L\/ T 1V
200 300 400 s00 GO0 700
175 Ta
45122
D 1 T 1 i 1 1 T T i T T T 1 1 i T 1 i 1 T 1 1 1
0. 025 05 075 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625
2 Diode Array
3.07,219.47,375779.28 Range: 4.319
Area
E Tirme Height Area Area%
284 n 87251 016
3.0 307 414R356 A7ETTI0R 7022
334 1712097 15B4EE39 29 ET
Crude UV 3.34
2.0 219.47
] trace 156458 39
1.0
0.0
T T T T T T T T T T T T T T T T T T T T T T T T T
D00 025 050 075 100 125 150 175 200 225 250 278 300 325 350 379 400 425 450 475 500 525 550 475 600 625
1. Scan AP+
) 2893121 Tic
q 2.26,500.37 7 7807
1. Scan AP+
Crude MS .mﬂazm . 536.29.. 5;8329;7
2. .
B < 393.36.427.21453.11
trace D T T T T \\ T T T T T 1
32,
335 MW _SJ207_4 367 (3.092) 12 Scan AP+
636,29 100 53629, 2.1087
u.éd =,
110 %3 0880 30y 04 427 21 590.33LE3B-2rr?
T T T T T T T T T T 1
200 300 400 500 600 700
0 T T T T T T T T T T T T T T T T T T T T T T T Time
po0 025 050 075 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 BO0 A25
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2: Diode Array
3.98,219.47 Range: 1.198e+1

ZT

5.0

1.08+1 O ¥
NSO
O ° \/\)@

6.0 7b

4.04

8.20
2.0 219.47

L B L L L L L L L L L L L
1 I 1 I I I I 1 I 1 1 1 1 I I I I 1 I 1 I I 1 I I 1 I 1 I I 1 I 1 I I 1

.00 0.50 1.00 1.80 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 §.50 9.00
1. Scan AP+

3.99:508.36 TIC
100+ 6.06e7

o

1. Scan AP+

100+ B05.36 1.76e7

= 509.34

%

399.24 £10.39
ol 26415 39525.| 42525 606.33.1 5124267208

200 250 300 350 400 450 500 8§50 600 650 70D

L o s L o L L L L L e R L e s s e e S TS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.00 0.50 1.00 1.80 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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1. Scan AR+

3.99,608 36 TIC
1004 O H £.06e7
N o 1. Scan AP+
N 100 BO836 3.1587
O H
N
. p.
Isolated MS ol 2eE15 397 21 e 25 e
200 300 400 500 600 70O
7b
D T T i T T T T 1 T i T T T 1 T 1 T T T T T 1 T i T T T 1 T T T i T 1 T 1 T T T T 1 i T i T T T T i T T T 1 T
040 0BD 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 520
2. Diode Array
3.99;252 47,112780.04 Range: 1.117
E Area
-3.125e-84 Tirne Height Area  Area%
1 365 437895 4499354 2952
399 1041623 11278004 7148
-2.0e-14
E 368
40814 258.47
w0 Crude UV 4499354
60811 trace
-8.0e-14 ‘\/\/ U
_1 'D_I T i T T T T 1 T i T T T 1 T 1 T T T T T 1 T i T T T 1 T T T i T 1 T 1 T T T T 1 i T i T T T T i T T T 1 T
040 0BD 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 520
1. Scan AP+
400,608 29 TIC
100 2.59,576.37 1 81e7
3518% 1. Bran AR+
100 £00.29 66266
Crude MS w =] omes mun 47324 }Em 5
T T T T T T T T T T 1
o trace 201
N MY_5J222_4 437 (3.652) 1: Bcan AP+
28559635 - E08.29 3.17e6
5.93 331.54 468,97 510,29
D N, d99.17 iz
145 200 300 400 500 600 YOO
13134295 54115
D T T i T T T T 1 T i T T T 1 T 1 T T T T T 1 T i T T T 1 T T T i T 1 T 1 T T T T 1 i T i T T T T i T T 1 T T\mE
040 0BD 08B0 100 120 140 160 180 200 220 240 260 280 300 3.20 340 360 380 400 420 440 460 480 500 520 540 560 580 600 6
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Al

2: Diode Array

29S

4 Chiral Column, mixture of 41321947 Range; 1881
. 4.36:219.47
124 enantiomers
. o 401:219.47
E H
8.0e-1 N 465
E o 219.47
6.0e-1 0
4081 7c &\>
E (e}
206t 0,07:255 47
0 0.75
037, 02028347 268347 3.48
g 200 33 3
3 : 110 135 256 284 25247 27 553 ,
-2.0e-1 dAnem 283.47 283.47 28347 8347 28347 234 955 47 283.47 57228347
T TTT T S N R B B T TTT T TTTT LA L L BB L LI R | A I L N R LI L L L L LB
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4100 450 5.00 5.50 6.00
1. Scan AP+
100- (4.154 1: Scan AP+ 417 4B0-2 4 411%
S 45024 2.70e7 :
(4.398) 1. Scan AP+
100- 450.21 18267
40345021
52 N
l451.22
=
33514 452,24 451.22
o [ 315287 " as By " _ag51 P22 BN grp s 3314363 15
200 280 500 550 400 450 500 550' 600 aé'ﬁ 300 315.15 { 452.24 576.58
2587 L354-13 oA 631.04 ;
o0 550 R0 T 3a0 A0 4% ek BN T an a0 70
Oy B | N L | TTr T T N R T T 5 R BB N AL | T T T AL | T r Time
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4100 450 5.00 5.50 6.00



KK552_0D_MeQOH_10%_5min
KKE52_0D1 St (Mn, 2x3)

1. 5can AP+
410450, 21, 295183225 TIC
] 438 4 68 1.62e7
450.21 4501 Area
2350913.50 2325133.00 Time Height Area Area¥
] H o) 3.66 126507 15167.02 016
T @\/N N 3.99 14533909 158674225 17149
l OO>2\>\ 410 16570210 2951832256 3195
oy Isolated UV N\> 12436674 2326133.00 2518
(Mixture of&
Diastereomers
366
48227
1 15167 .02
2

IR AL A R R L L N D R L UL IS IR I RN ILLRLE IR IULELL LA IR I UL UL LR RIS LR LN LR R
.60 3.70 3.80 3.90 4.00 4.10 4.20 4.30 4.40 4.50 4 80 470 4.80 4.90 5.00 210

WlEs2_ 07 10 5can AR+
_ 3.99,450.24 i.DE‘;dED.E‘I TIC

1.75e7

Isolated MS
(Mixture of
Diastereomers)

[}
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AU

2: Diode Array

4.94:218.47 290
~ - 4 874e-
4.5e-24 (o) Range: 4.874e-2
4 .0e-24
E AN
3 58-2 % o
3 N
3.0-2 ©\/N
3 o}
2.5e-2 o
3 N
2.0e-24 &3
E o
1.5e-2
E 7d (diasteromer B)
1.08-24 09121947
E 290
5'08'3_j 292.47
0.0 MMWVW
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 ‘slon 525 550 575 600 625 650
1. Scan AP+
4.97:510.28 TIC
1004 2.17e7
1: Scan AP+
100+ 510.28 1.33e7
5.05,510.28
P
] =
£11.29
. 202 375561842318 [51231 59347 65240
200 250 "3"0'6" 350 'Zihh'" 450 500 550 "s"n'n'" "é's"o' TR0
0 T T | ML N | L L L L L M ML L L L L L L L L L L T Time
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 5 600 625 650
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(0]
1: Scan AP+
o
100+ 0] 10 Scan AP+ 49451028 28;1%
H N 100 510.28 1 Fde7 838
Isolated MS
Diastereomer B % . 5 04,510.28
2] $ 7
B \ 511.29
7d (diasteromer B) 1231
20002 39518
i ey s L L e e ana s o (14
o 200 300 400 600 600 700
i
000 025 nAn onBA AR 45 450 15 200 225 250 295 300 325 @80 G465 400 425 450 475 500 525 550 545 800 6.25
10 Scan AP+
oo Isplated MS 4.57,510.29 TIC
Diastereomer A I sean AP 6,146
100 510.28 e 464:510.28
] # 511.29
395 2242325 543 44
LRARAN LA RAAR Laass RAAAY 1A LR Lasly na Lt W1 T4
. 200 300 400 500 600 700
S 0 T o B B S e R o e T T e e T e e A e e T A T A T A W
op0 025 050 078 100 128 1580 173 200 225 280 275 300 325 350 375 400 425 450 475 500 525 550 579 GO0 625
2 Diode Array
4 58;219.47 AGI624. 25 Range 2.986
Area
] Cl’ude UV 436,219 47;375046 08 Tirne Height Area Area%
20 436 23M4T79 IFEMEOE 4425
: trace 4FR 2830908 4B9R2425 5541
k 510 7A4G4 204143 034
1.04
510
E 29147
0.0 264143
0pd a%5 050 075 100 195 1AD 175 o00 295 2E0  2v8  a00 325  BA0  A¥E 400 425 aB0 478 500 508 550 Ay GO0 ROE
T AP+
~ 4q0  A71EI02E 1 sean AP*;BYTeE
510.26 drssnE 510,28 32887
- 5?9;519_25 ] %93 29016 39618 I:512 31.607.43
Crude MS '
] MW _KKGT3_4 522 (4.398) 1: Sran AP+
trace 36R 510,28 22307
265 100:
S e4EE01 M0 322 345 EG2H BD*E 200,09 3°5.22 L512 27 66342
! =, 46229 4g4 23 T TR [T/
W 200 300 400 500 600 700
o T T T T T T T T T T T T T T T T T T T T T T T Tirne

T T
o0.0o 0.25 0.50 0.75 1.00 125 1.80 1.75 2.00 225 2.80 275 3.00 3.25 3.80 3.75 4.00 4.25 4.50 475 5.00 5.25 5.50 575 6.00 6.25
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1. Scan AP+

. 24737222 4
. 1.86e8
0 1: Scan AP+
- 7222 9.42e7
N N/YO 73.23
H =
5% O &
AN 242.10 2513 421 2
0 240, 71.27 4823 g9 57955  535.29.649.91
Isolate 9a 200 250 300 350 400 @ 450 | 500 | 550 | 600 | 650 70
D T 1 T 1 T 1 T T T T 1 T T 1 T T T T 1 T T T T T 1 i |
0.50 1.00 150 200 250 3.00 350 400 450 5.00 550 6.00 6.50 7.00 750 8.00 8.50 9.00
MS-535-2ND-1-1 1: Scan AP+
24137229 TIC
7 1.28e8
1: Scan AP+
100 37229 7.12e7
N 5
o . = 73.30
Crude mixture
265.20 74.35
- 4 ol 22137 B33 aasas J15°2 sup3 P74 eeren O penss
4 T T T T T 1 T 1 T T T T T 1 T T T T T 1
o 346.31 65 200 | 250 300 350 400 450 500 550 | 600 650 | 700
0 T T T T T T T T T T T T T T T T T T T T T T T T T T y Time
0.50 1.00 150 200 250 3.00 350 400 450 5.00 550 6.00 6.50 7.00 750 8.00 8.50 9.00
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%

1: Scan AP+
24842534 TIC
1004 o 1.95e8
1. Scan AP+
N N e} 12634 9.05e7
H 100
0] 27,32
HN
o\o_
=
9b
234.15 - 28.33
. 277.21 :
|solate diastereomers 0 327.20 <1-429.31 51935 56562 619.49 67592
200 250 300 350 400 450 @ 500 550 600 650 700
e e e e o L L S
0.50 1.00 1.50 2.00 250 3.00 350 4.00 450 5.00 550 6.00 6.50 8.00 8.50 9.00
1: Scan AP+
) 2.45,427.28,15253302.00 TIC
1.71e8
Area
1. Scan AP+ Time Height Area  Area%
- 42627 9.73e6 245 169321584 1525330200 96.64
0 7 o8 259 7948849 53055538 3.3
o207 2R w716 amm G321 550 2 T55 pyg 3p663.42
. . MS-536_ELPY-1 292 (2.460) 1: Scan AP+
Mixture of diastereomers - 42725 8.34e7
¥ 426.02. 42826
®
1 P15y s 424_43:? BA3s1501  slaa 68120
2N 2S5 200 250 @ 300 350 400 450 500 550 @ 600 650 700
P PSS~ | VS OSSR SRR — SO —
0.50 1.00 2.00 250 3.00 350 450 5.00 5.50 6.0 6.50

42S

T Time
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Vorno oy
OQTifé;:y X _NH
N N o
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1: Scan AP+

1004 3.93;561.42 = 67T|§
O N NH 1: Scan AP+ e
100 561.42 1.25e7
N ” o
@]
H 2. A
s Isolate diastereomers HN ® e
411.56 P34 61592 694.61
/\O 9 0 286.17 .304.20 N\430.43  479.61 535.55 ;- 67550, m',z
O c 200 250 300 350 400 450 500 550 600 650 700
D T T T 1 T 1 1 1 T T T 1 T 1 1 T T 1 T 1 1 1 T 1 T 1 1 1
0.50 1.00 1.50 2.00 280 3.00 3.80 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
1: Scan AP+
3.92;,561.42 TIC
1007 1.15e8
1. Scan AP+
100 561.42 4.50e7
. 286.17
= ® £2.44
. 276.19 [267.19 53.42
Crude mixture YL 195 YB3 sn33aaa09 53548 B0B58 g3
3.24 0 TTrreT T T T T T T T T T T T T T T T T T T  MiZ
25895 200 250 300 350 400 450 500 550 600 650 700
0 T T T T T T T T T /lL T P T T T T T T T T T T T T T y Time
0.50 1.00 1.50 2.00 250 3.00 3.80 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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1: Scan AP+

0]
360;461.31 TiC
1007 6.6687
N 1 Scag;\_?;
46131 27e
HN 100
/ 0]
e HN HN o 52,29
. 53.30
Isolate diastereomers 9d 2551230112 374.25 46043 5427 sang1 66766 -
200 250 300 350 400 450 500 550 600 680 700
0 305,257, 5 LA A3 P15 3500 .77, A L, ... 692 0L 7. 5 LR P 3 PSS, L 775 20 7,75, 02 9.5, T UL 7 5. .2, 0 0 025,075,593 .52 77 5.0, .2, P25, PV L. .2 150 AC7247.5. 55 L. LS 2 [0 7 I, B 2L 2. 272 ) .77, AL (. .27 . R . [T IS5 7 R e
050 1.00 150 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
1: Scan AP+
100+ 3.61,461.24,7521680.00 £
9.13e7
Area
1: Scan AP+ Time Height Area  Area%
100 46124 1.46e7 361 90829576 7521680.00 89.48
9. B C h £
%3 2030 31 gy 74239519 k452'25535-99 Shem 380 11997695 ©8398450 1052
T T T T T T T T T T T T T T T T 1 T T 1
] MS-539_Et-PY-1 427 (3.597) 1: Scan AP+
100 461.24 7.00e7
i i c.\a 255,08 439.18 t“52-22
Mixture of diastereomers P — A 313.13  374.18 < 5153256622 BB
¢ 200 250 300 350 400 450 500 550 600 650 700
0 L e L L L L L L L L e e e 111
050 1.00 150 2.00 250 3.00 3.50 4.00 450 5.00 5.50 .00 6.50 7.00 7.50 8.00 8.50 9.00
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2: Dinde Array
3.83,219.47 220
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R A e e B RS E E e aaa  E  a  Raa
0.00 0.50 1.00 150 2.00 250 3.00 3.50 400 450 5.00 550 6.00 6.50 7.00
1. Scan AP+
3.85:417.30 41752
1004 52187
1: Scan AP+
.
o 417.30 521e7
O\?' o
s
| 418.32
268.18.286.21 ‘”5'34419‘33/451 2 65550 61372 BRIl
O-4rrrrprt ,..#,....[..n,....l....,...,,.. T A s ..... miz
200 250 300 350 400 450 500 550 600 650 700
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2: Diode Array

4.02;221.47 220
E Range: 2.758
2.94
2.04
E H H
N
1.84 N N
_ I |
1.0 o N
E H
5.0e-14 11b
0.0 mrrrperrerrprerr |"'A'|""| """" REEAN R | LR L | BB EUER I'"'l""'?"%'JI""I""I""I """" | EE SRS BRa BEEnA Ea R |BESUR R EE
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.80 4.00 4.50 5.00 5.80 6.00 6.50 7.00
1: Scan AP+
1004 4.03;443.31 443 55
6.92e7
1. Scan AP+
100- 44331 6.21e7
=
e 44433
308.22 s
o 12823 305'2%313.23 MR eayan | eue S0 .
200 250 300 350 400 450 500 550 600 650 70O
LN B s B L e s | R LR IR B R R ELR I FURLEL B 5B LB LA P B o LU T B | LSS B BEEnA E R | BEEURE R rrrrm Time
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.80 4.00 4.80 5.00 5.80 6.00 6.50 7.00
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2: Diode Array

3.72:222.47 290
253 Range: 2.624
2.0-
: N
153
N N
3 i |
1.0 0=
: H
5 0-1 11c
0.0 e A RS BB ||||_|A‘J|||||||1|||| """" ]
000 050 1.00 150 200 250 @ 300 350 400 @ 450 @ 500 550 600 650  7.00
1: Scan AP+
3.73,435.37 435 57
1004 6.33e7
1: Scan AP+
— 43637 2977
D\o_
O\O‘_
| 436,35
308.26 437 40
ol 26321 [ 5102639028 i 5
200 250 300 350 400 450 500 550 600 650 700
R B o B e B e L L e L I L s L B e e s e s e 1]
000 050 1.00 150 200 250 300 350 400 450 @ 500 550 600 650  7.00
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2: Diode Array

4.02219.47 220
Range: 1.059
8.0e-1
H H
6.0e-1 N
N N
0 |
4.0e-1
137 o=<
090 219.47 N
2.0e-1 219.47 11d
R B LA L o b B L B D L L B L L s B R L L B LR LR L e e s L
000 050 100 150 200 250 300 350 @ 400 450 @ 500 @ 550 = 600 @ 650  7.00
1. Scan AP+
b 4.04;429.31 429 53
2.87e7
1: Scan AP+
i
— 42931 1.48e7
A
2
430,33
29821 131,34
280.25.. | 30021 40127 49953 gn3 2561928
O-frrrrprrrrpeee LA L LA L LA LA LA LA L) LA KL LA R e /2
200 250 300 350 400 450 500 550 600 650 700
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2: Diode Array

271:219.47 290
6.0e-14 Range: 6.115e-1
5.0e-1

E (0]
4.0e-14 N
] N—/
7 3.0e-14 “__NH
2 0e-11 13a
1.0e-14 0.92 3.70 496
3 219.47 280294 516 47 919 47
0o . A
L I e e N e S s L N o S E U VYA SCRIIAS R e A A A
0.00 0.50 1.00 150 2.00 2,50 3.00 3.50 4.00 450 5.00 6.50 7.00
1. Scan AP+
273:365.25 364 45
1004 8.80e7
1: Scan AP+
_— 364.30 6.94e7
e
o\Q_
| 365.29
366.27
257.2227220 33626 _40822 510,14 B85 B
R s ) et Ly Lk Lo L LAy L) L ) L s b s T V2
200 250 300 350 400 450 500 650 700
O -Yererrrrererrrprererer R R B AR R LR R TTrrIrrrTT LB BN R BLE I LB R B R TTrrrrrrT BB R | BRI I rrrrr Time
0.00 0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 5.00 550 6.00 6.50 7.00
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2: Diode Array

2.94:219 47 290
] Range: 2.034
15
1.0
5 0e-11 13b
R B s n s o n s o e R R s L AR RAARERSa AN AR B RS ML LR R |
0.00 050 1.00 150 200 250 3.00 350  4.00 450 500 550 600 650 7.00
1. Scan AP+
2.97.405.30 404 52
1004 : 9.28e7
1: Scan AP+
:
.y 404,32 841e;
405,33
]
o2
; 218 19 31225 40229140531 48031 54262 82251 et
QUD 250 "300 350 400 450 500 550 600 650 700
L B L i L B L L I L B L B R B LA L L AL I rm Time
0.00 050 1.00 150 200 250 3.00 350  4.00 450 500 = 550 600 650 7.00
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2: Diode Array
2.92,219.47 220

; Range: 1.866e-1
1.58-11
5 (@]
N
1.0e-13 N—/ o
: “—NH
0.91
5.0e-29 219.47
1 272 13c
2.52;220.41 219.47
0.0 ¥z -
0.00 0.50 1.00 1.50 2.00 2,50 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00
1: Scan AP+
2.93:404.32 404 52
1004 : 6.90e7
1: Scan AP+
i 40432 5.81e7
°\°_
P
405.33
4065 35 -
25522 31218  376.35 _44524.490.29.54031 "' 678.79
D 2 CRE N B PR FREINE PR R VLR | "'I""I""I""I""I“"I""|""|""|""|""|""lr'n"“Z
200 250 300 350 400 450 500 550 600 650 700
O L B e L L L L L I L B B B R L RS e A na s nanna nas s s MU
0.00 0.50 1.00 1.50 2.00 2,50 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00
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2: Diode Array
220
Range: 4.591e-1

LN L L L L I L

0.00 0.50 1.00 150 200
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2.50 3.00 3.50
3.01 ;4‘18.32

100+

%

L L L L L

4.00 450

257.22

LR I B L L L L L L L

5.00 5.80

418.35

32625 389.30

419.33

420.35

_-461.59

TTTTTTT

537.34 601.54
74 /

TTTTTTTTTTT

6 50 7.00
1. Scan AP+
418.54
8.67e7

1. Scan AP+
7.21e7

654.64

200
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