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Supporting Information

General information

All commercially available reagents and solvents were purchased from Sigma-Aldrich, Alfa Aesar, ABCR,
Fisher Scientific, Acros Organics, Roth or VWR, and were used without further purification except
otherwise stated. When it was required, non-dry solvents were distilled before use. If reactions were
performed under inert conditions, e.g. exclusion of water, oxygen or both, all experiments were carried
out using established Schlenk techniques. Herein solvents were dried and/or degassed with common
methods and afterwards stored under inert gas atmosphere (argon or N,) over molecular sieves. In some
cases, when explicitly mentioned, dry solvents were received from the mentioned suppliers. DCM (EtOH
stabilized) was distilled first over P,0, to remove the stabilizer and then over CaH, under argon
atmosphere and stored over 4 A molecular sieves in an amber 1000 mL Schlenk bottle. THF was dried
over Na under reflux and argon atmosphere until benzophenone indicated its dryness by turning into
deep blue color. The dry THF was stored over 4 A molecular sieves in an amber 1000 mL Schlenk bottle
under argon atmosphere.

In general, when high vacuum was declared in experimental procedures, typically a vacuum of 102107
mbar was applied. All reactions were stirred with Teflon-coated magnetic stirring bars. Molecular sieves
(Sigma Aldrich, beads with 8-12 mesh) were activated in a round-bottom flask with a gas-inlet adapter by
heating them carefully in a heating mantle for approximately 12 h under high vacuum until complete
dryness was obtained. These activated molecular sieves were stored at room temperature under argon
atmosphere.

Temperatures were measured externally if not otherwise stated. When working at a temperature of 0 °C,
an ice-water bath served as the cooling medium. Reactions, which were carried out at -78 °C were cooled
by keeping the reaction vessel immersed in a properly sized Dewar vessel containing acetone/dry ice.

Analytical thin layer chromatography (TLC) was carried out on Merck TLC silica gel 60 F254 aluminium
sheets and spots were visualized by UV light (A = 254 and/or 366 nm) or by staining with iodide, cerium
ammonium molybdate (2.0 g Ce(SO,),, 50.0 g (NH;)¢Mo050,4 and 50 mL conc. H,SO, in 400 mL water)
(CAM) or potassium permanganate (0.3 g KMnQ,, 20 g K,CO3, 5 mL 5 % aqueous NaOH in 300 mL H,0)



followed by the development of the stains in the heat. Flash column chromatography was performed on
silica gel 0.035-0.070 mm, 60 A (Acros Organics). A 30 to 100 fold excess of silica gel was used with
respect to the amount of dry crude product, depending on the separation problem. The dimensions of
the column were selected in such a way that the required amount of silica gel formed a pad between 10
cm and 25 cm. The column was equilibrated first with the solvent or solvent mixture, and the crude
product diluted with the eluent was applied onto the top of the silica pad. In case when the crude
product was insoluble in the eluent, the sample was dissolved in an appropriate solvent (EtOAc or DCM),
and the equal amount of diatomaceous earth was added, followed by removal of the solvent under
reduced pressure and drying the sample in vacuo, which was then directly loaded onto the top of the
silica pad. The mobile phase was forced through the column using a rubber bulb pump.

GC-MS analyses were carried out on an Agilent Technologies 7890A GC system equipped with a 5975C
mass selective detector (inert MSD with Triple Axis Detector system, El, 70 eV). Samples were injected by
employing autosampler 7683B in a split mode 20/1 (inlet temperature: 280 °C; injection volume: 0.2 pL)
and separated on an Agilent Technologies J&W GC HP-5MS capillary column (30 m x 0.2 mm x 0.25 um)
at a constant helium flow rate (He 5.0 Air Liquide, 1.085 mL/min, average velocity 41.6 cm/sec). A
general gradient temperature method was used (initial temperature: 50 °C for 2 min, linear increase to
300 °C (40 °C/min), hold for 5 min, 1 min post-run at 300 °C, detecting range: 50.0-550.0 amu, solvent
delay of 2.80 min).

GC-FID analyses for separation of enantiomers or diastereomers were carried out on an Agilent
Technologies 6890N GC system equipped with a flame ionization detector (FID). Samples were injected
by employing autosampler CTC Analytics CombiPAL in a split mode 5/1 (inlet temperature: 200 °C;
injection volume: 1.0 pL) and separated on a Varian CP7503 CP-Chiralsil Dex CP capillary column (25.0 m
x 320 um x 0.25 um) at a constant nitrogen flow rate (Nitrogen 5.0 Messer, 4.5 mL/min, average velocity
68 cm/sec). Two gradient temperature methods were used: “AMAL_GCPAL.M” (initial temperature: 80
°C for 5 min, linear increase to 150 °C (10 °C/min), hold for 18 min, 1 min post-run at 160 °C) and
“AMAL_GCPAL_PHE_4.M” (initial temperature: 80 °C for 5 min, linear increase to 125 °C (10 °C/min),
hold for 40 min, 1 min post-run at 160 °C) .

Analytical HPLC-MS analyses were performed on an Agilent Technologies 1200 Series system (G1379
Degasser, G1312 Binary Pump, G1367C HiP ALS SL Autosampler, G1330B FC/ALS Thermostat, G1316B
TCC SL column compartment, G1365C MWD SL multiple wavelength detector (deuterium lamp, 190-400
nm)) equipped with a single quadrupole LCMS detector “6120 LC/MS” using electrospray ionization
source (ESI in positive and negative mode). The analyses were carried out on an Agilent Poroshell 120 SB-
C18 (100 x 3.0 mm, 2.7 um) column equipped with a Merck LiChroCART® 4-4 pre-column. A general
solvent gradient method was used (0-2.00 min: MeCN:H,0 = 10:90 (v/v), 2.00-6.00 min: linear increase
to MeCN:H,0 = 40:60 (v/v), 6.00-12.00 min: holding of MeCN:H,0 = 40:60 (v/v), 12.00-16.00 min: linear
increase to MeCN:H,0 = 95:5 (v/v), oven temperature: 40 °C, solvent flow: 0.700 mL/min).

Analytical HPLC analyses for separation of enantiomers were performed on an Agilent Technologies 1100
Series system (G1322A Degasser, G1311 Quaternary Pump, G1313A ALS Autosampler, G1316A Column
Compartment, G1365B MWD multiple wavelength detector (deuterium lamp, 190-400 nm)). The
analyses were carried out on a Daicel Chemical Technologies Chiralpak® AD-H (250 x 4.6 mm, 5.0 um)



column. An isocratic method was used (0-30.00 min: heptane:2-propanol = 90:10 (v/v), oven
temperature: 15 °C, solvent flow: 0.850 mL/min).

'H-, ®C-NMR spectra were recorded on a Bruker AVANCE Ill 300 spectrometer (‘H: 300.36 MHz; °C:
75.53 MHz). Chemical shifts were referenced to the residual proton and carbon signal of the deuterated
solvent, respectively (CDCls: & = 7.26 ppm (*H), 77.16 ppm (*3C)). Signal multiplicities are abbreviated as s
(singlet), bs (broad singlet), d (doublet), dd (doublet of doublet), t (triplet), g (quadruplet), p (pentet) and
m (multiplet). Additionally, quaternary carbon atoms are designated as C,. Deuterated solvents for
nuclear resonance spectroscopy were purchased from Euriso-top®.

Optical rotations were measured in CH,Cl,, CHCl;, EtOH and MeOH on a Perkin Elmer 341 polarimeter
with a 10 cm cell. Concentration ¢ given is in g/100 mL. Each optical rotation measurement was done five
times and the mean value is reported.

Melting points were measured on a Mel-Temp® melting point apparatus (Electrothermal) with an
integrated microscopical support in open capillary tubes and were not corrected. The temperature was
measured with a mercury-in-glass thermometer.

High-resolution mass spectra were recorded using MALDI-TOF on a Micromass® MALDI micro MX™
spectrometer. Dithranol (1,8-dihydroxy-9,10-dihydroanthracen-9-one) or a-cyano-4-hydroxycinnamic
acid served as matrix. The stated values are m/z.

Purification of CDI (1,1 -carbonyldiimidazole)*

According to the note 8 in the procedure published by H. A. Staab and K. Wendel * an oven dried 250 mL
two-neck round-bottom flask with a Schlenk adapter, a reflux condenser, a gas bubbler and a magnetic
stirring bar, were purged with N,. In this flask 25.0 g (154 mmol) CDI were suspended in 40 mL abs. THF
and stirred. The mixture was heated to reflux in an oil bath and 20 mL abs. THF were added to facilitate
the full dissolution. Stirring was stopped and the pale yellow solution was allowed to cool down to RT for
60 min. Crystallization was completed by cooling in an ice bath for 30 min. Subsequently, under nitrogen
counter flow, the reflux condenser was removed and an inert atmosphere frit was mounted together
with an additional receiving 250 mL two-neck round-bottom flask at the opposite end of the frit. White
crystals were collected by filtration under inert atmosphere, washed with 15 mL of ice-cold abs. THF and
dried in vacuo. 19.9 g (123 mmol, 80%) white crystalline solid were recovered and stored in a Schlenk
flask under nitrogen atmosphere.



General procedure for one-pot conversion of N-protected a-amino acids to N-protected a-amino
aldehydes

A 1000 mL two-neck round-bottom flask with a Schlenk adapter, a glass stopper and a magnetic stirring
bar was heated, dried under vacuum and purged with N,. 50.0 mmol (1.0 eq) protected amino acid were
added and dissolved in 333 mL abs. dichloromethane. The solution was cooled to 0 °C (ice bath) and
8.918 g (55.0 mmol, 1.1 eq) 1,1'-carbonyldiimidazole (CDI) were added. A gas bubbler was mounted
instead of the glass stopper to maintain a pressure relief. After stirring for 60 min the gas bubbler was
removed and the colorless reaction solution was cooled to -78 °C (CO,/acetone bath) for 15 min. A
septum was mounted instead of the glass stopper while maintaining a gentle counter flow of N..
Subsequently, 105 mL (105 mmol, 2.1 eq) DIBAL-H solution (1.0 M in toluene) were added dropwise with
a syringe through the septum throughout 110 min. The reaction mixture was stirred at -78 °C until TLC
indicated quantitative conversion (30-60 min). The reaction mixture was quenched by the addition of
335 mL EtOAc. The acetone bath was removed, the gas bubbler was mounted, and 222 mL tartaric acid
solution (25 % in H,0) were added to the mixture under vigorous stirring. The mixture was warmed up by
immersing the vessel into a water bath at RT and stirred vigorously for 15 min. The stirring was stopped
and the layers were separated. The aqueous phase was extracted with EtOAc (1 x 333 mL) and the
combined organic extracts were washed with 1 M HCI (1 x 222 mL), 0.8 M NaHCO; (1 x 222 mL) and brine
(1 x 222 mL), dried over Na,SO,, filtered and concentrated under reduced pressure. The crude product
was frozen in liquid nitrogen and was allowed to reach room temperature under high vacuum. The
freeze-thaw procedure was repeated two times. The crude product is used without further purification.

tert-Butyl (S)-(3-methyl-1-oxobutan-2-yl)carbamate (3a)*

This compound was synthesized according to the general procedure using 10.864 g (50.0 mmol, 1.0 eq)
Boc-L-Val-OH. The colorless solution was treated with 8.918 g (55.0 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 105 mL (105 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 45 min
at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 8.474 g (42.10 mmol,
84 %) of a viscous colorless liquid.

Yield: 8.474 g (42.10 mmol, 84 %), viscous colorless liquid.
[@] 2 = +78.6° (c = 1.07, CH,Cly), lit. [a] ¥ = +82.1 ° (c = 1, CH,Cl,)°.

R;=0.61 (cyclohexane/ethyl acetate = 2:1 (v/v); staining: KMnOy,).



'H NMR (300 MHz, CDCl3) & = 9.63 (s, 1H, CHO), 5.15-4.99 (m, 1H, NH), 4.33-4.15 (m, 1H, CHCHO), 2.37-
2.14 (m, 1H, CH(CHs),), 1.44 (s, 9H, (CH;)5C0), 1.02 (d, *J = 6.9 Hz, 3H, CH(CHs)(CHs)), 0.93 (d, 3/ = 7.0 Hz,
3H, CH(CHs)(CHs)).

3C NMR (75 MHz, CDCl5) & = 200.5 (s, 1C, CHO), 156.0 (s, 1C, C=0), 80.1 (s, 1C, Me;C), 64.8 (s, 1C), 29.2
(s, 1C), 28.4 (s, 3C), 19.2 (s, 1C), 17.7 (s, 1C).

GC-FID (CP-Chiralsil Dex): tz ((S)-3a) = 9.0 min, 100%; t; ((R)-3a) = 9.2 min, no abundance detected; ee >
99%.

Racemic tert-butyl (3-methyl-1-oxobutan-2-yl)carbamate (rac-3a)

rac-3a

This compound was synthesized according to the general procedure using 43 mg (0.20 mmol, 1.0 eq)
Boc-DL-Val-OH. The colorless solution was treated with 36 mg (0.22 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.42 mL (0.42 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 60
min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 33 mg (0.16
mmol, 80 %) of a colorless liquid.

Yield: 33 mg (0.16 mmol, 80 %), colorless liquid.
Rs=0.61 (cyclohexane/ethyl acetate = 2:1 (v/v); staining: KMnOy,).

GC-FID (CP-Chiralsil Dex CP): tz ((S)-3a) = 9.0 min; tz ((R)-3a) = 9.2 min.

tert-Butyl (S)-(1-oxopropan-2-yl)carbamate (3b)**

ot

This compound was synthesized according to the general procedure using 9.460 g (50.0 mmol, 1.0 eq)
Boc-L-Ala-OH. The colorless solution was treated with 8.918 g (55.0 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 105 mL (105 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 45 min
at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 7.510 g (43.40 mmol,
87 %) of a white solid.



Yield: 7.510 g (43.40 mmol, 87 %), white solid.
m.p. = 81-84 °C, lit. 90-92 °C * and 70 °C.*

[a] 2 =-39.0 ° (c = 1.0, MeOH), lit. [a] 2’ = -40.9 ° (c = 1, MeOH) * and [a] "**?**® =.39.1° (c = 0.69,
MeOH).*

Rs=0.38 (cyclohexane/ethyl acetate = 2:1 (v/v); staining: KMnOy,).

"H NMR (300 MHz, CDCl3) 6 = 9.55 (s, 1H, CHO), 5.11-4.99 (m, 1H, NH), 4.30-4.12 (m, 1H, CHCHO), 1.44 (s,
9H, (CHs);C0), 1.32 (d, *J = 7.4 Hz, 3H, CHCH).

BC NMR (75 MHz, CDCl3) 6 =199.9 (s, 1C, CHO), 155.4 (s, 1C, C=0), 80.2 (s, 1C, Me;(), 55.7 (s, 1C), 28.4
(s, 3C), 15.0 (s, 1C).

tert-Butyl (S)-(1-oxo-3-phenylpropan-2-yl)carbamate (3c)’
N\)

*@

This compound was synthesized according to the general procedure using 53 mg (0.20 mmol, 1.0 eq)
Boc-L-Phe-OH. The colorless solution was treated with 36 mg (0.22 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.42 mL (0.42 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 60
min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 48 mg (0.19
mmol, 96 %) of a white solid.

Yield: 48 mg (0.19 mmol, 96 %), white solid.

m.p. = 80-84 °C, lit. 82 °C.°

[@] 2 =+39.3 ° (c = 1.02, CH,Cl,), [a] o'¥"*® = 4+41.6 ° (c = 1.1, CH,Cl,).°
Rs=0.26 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

"H NMR (300 MHz, CDCl3) 6 = 9.62 (s, 1H, CHO), 7.40-7.06 (m, 5H, Ar—H), 5.15-4.97 (m, 1H, NH), 4.50—
4.32 (m, 1H, CHCHO), 3.22-2.98 (m, 2H, CH,), 1.42 (s, 9H, (CHs);CO).

BBC NMR (75 MHz, CDCl;) 8§ = 199.5 (s, 1C, CHO), missing carbamate signal (155 ppm), 135.9 (s, 1C, Cy),
129.5 (s, 2C), 128.9 (s, 2C), 127.2 (s, 1C), 80.4 (s, 1C, Mes(), 60.8 (s, 1C), 35.6 (s, 1C), 28.4 (s, 3C).

GC-FID (CP-Chiralsil Dex): tz ((S)-3¢) = 38.2 min, 99.51%; tz ((R)-3¢) = 38.2 min, 0.49%; ee > 99%.



Racemic tert-butyl (1-oxo-3-phenylpropan-2-yl)carbamate (rac-3c)

rac-3c

This compound was synthesized according to the general procedure using 53 mg (0.20 mmol, 1.0 eq)
Boc-DL-Phe-OH. The colorless solution was treated with 36 mg (0.22 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.42 mL (0.42 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 30
min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 46 mg (0.18
mmol, 90 %) of a white amorphous paste.

Yield: 48 mg (0.19 mmol, 96 %), white amorphous paste.
Rs=0.26 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

GC-FID (CP-Chiralsil Dex): tz ((S)-3c) = 38.3 min; tz ((R)-3¢) = 39.5 min.

tert-Butyl (S)-2-formylpyrrolidine-1-carboxylate (3d)°

Fo
o)\ N\J

3d

This compound was synthesized according to the general procedure using 86 mg (0.40 mmol, 1.0 eq)
Boc-L-Pro-OH. The colorless solution was treated with 71 mg (0.44 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.84 mL (0.84 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 60
min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 77 mg (0.39
mmol, 97 %) of a viscous colorless liquid.

Yield: 77 mg (0.39 mmol, 97 %), colorless liquid.
(@] 5 =-97.9 ° (c = 1.02, CHCl), lit. [a] 5’ =-96.1° (c = 0.6, CHCI;).

Rs=0.20 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCls, mixture of two rotamers) & = 9.54 and 9.44 (s, 1H, CHO), 4.24—4.15 and 4.10—
3.99 (m, 1H, CHCHO), 3.62-3.38 (m, 2H, NCH,), 2.21-1.73 (m, 4H, CH,CH,CH), 1.46 and 1.41 (s, 9H,
(CH;)5CO).



3C NMR (75 MHz, CDCl3) & = 200.7 and 200.5 (s, 1C, CHO), 155.0 and 154.1 (s, 1C, C=0), 80.8 and 80.3 (s,
1C, Me;(C), 65.1 and 65.0 (s, 1C), 47.0 and 46.9 (s, 1C), 28.5 and 28.4 (s, 3C), 28.1 and 26.8 (s, 1C), 24.7
and 24.1 (s, 1C).

Enantiomeric excess was determined indirectly by conversion of freshly isolated material into alcohol 8d.

tert-Butyl (25)-2-(hydroxymethyl)pyrrolidine-1-carboxylate (8d)’

9\0 J/OH
o)\ N\J

8d

In a 5 mL glass vial equipped with a Teflon®-coated magnetic stirring bar 59 mg (0.27 mmol, 1.0 eq)
freshly prepared compound 3d were dissolved in 4.0 mL of MeOH, stirred and cooled to 0 °C in an ice
bath. 17 mg (0.44 mmol, 1.1 eq) NaBH, were added to the colorless solution at 0 °C, the vial was covered
with aluminium foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C,
when TLC indicated full conversion. The reaction was quenched by the addition of 200 uL acetone and
stirred for 5 min at RT. The solvents were removed under reduced pressure and the residue was
partitioned between 3.0 mL EtOAc and 1.0 mL NaHCO; (sat). The organic phase was concentrated under
reduced pressure and purified by flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 50 mg
(0.25 mmol, 93%) of a white solid.

Yield: 50 mg (0.25 mmol, 93%, 2 steps), white solid.

m.p. = 57-60 °C, lit. 58-59 °C.”

[@] 5 =-55.7 ° (c = 0.83, CHCly), lit. [a] ¥ =-52.7 ° (c = 1.05, CHCl3).
Rs=0.42 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl3) & = 4.75 (br s, 1H, OH), 4.01-3.81 (m, 1H, CH,CHN), 3.68-3.49 (m, 2H, CH,0),
3.49-3.36 (m, 1H, NCHH), 3.35-3.21 (m, 1H, NCHH), 2.07—1.49 (m, 4H, NCH,CH,CH.,), 1.45 (s, 9H,
((CH3)3C).

13C NMR (75 MHz, CDCl3) & = 157.3 (s, 1C, C=0), 80.3 (s, 1C, (CH3);C), 67.8 (s, 1C), 60.3 (s, 1C), 47.7 (s, 1C),
28.8 (s, 1C), 28.6 (s, 3C), 24.4 (s, 1C).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): tz ((R)-8d) = 7.2 min, no abundance detected; t;
((S)-8d) = 8.4 min, 100%; ee >99%.



Racemic tert-butyl 2-(hydroxymethyl)pyrrolidine-1-carboxylate (rac-8d)

9\0 OH
pavs

rac-8d

The aldehyde intermediate was synthesized according to the general procedure using 86 mg (0.400
mmol, 1.0 eq) Boc-DL-Pro-OH. The colorless solution was treated with 71 mg (0.440 mmol, 1.1 eq) CDI at
0 °C for 60 min, and subsequently, dropwise with 0.84 mL (0.84 mmol, 2.1 eq) 1 M DIBAL-H. The mixture
was stirred for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying over
Na,SO, provided 57 mg (0.29 mmol, 72%) of rac-3d as colorless oil.

In a 5 mL glass vial equipped with a Teflon-coated magnetic stirring bar 57 mg (0.29 mmol, 1.0 eq) freshly
prepared rac-3d were dissolved in 4.0 mL of MeOH, stirred and cooled to 0 °C in an ice bath. 17 mg (0.44
mmol, 1.1 eq) NaBH, were added to the colorless solution at 0 °C, the vial was covered with aluminium
foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C, when TLC
indicated full conversion. The reaction was quenched by the addition of 200 pL of acetone and stirred for
5 min at RT. Solvents were removed under reduced pressure and the residue was partitioned between
3.0 mL EtOAc and 1.0 mL NaHCOs; (sat). The organic extract was concentrated under reduced pressure
and purified via flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 43 mg (0.21 mmol, 53%, 2
steps) of a colorless oil.

Yield: 43 mg (0.21 mmol, 53%, 2 steps), colorless oil.
Rs=0.42 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): t; ((R)-8d) = 7.2 min; tz ((S)-8d) = 8.4 min.

tert-Butyl (S)-(4-(methylthio)-1-oxobutan-2-yl)carbamate (3e)®
L O
OYN\)
>(O i\/S‘\
3e

This compound was synthesized according to the general procedure using 100 mg (0.400 mmol, 1.0 eq)
Boc-L-Met-OH. The colorless solution was treated with 71 mg (0.44 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.84 mL (0.84 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was stirred for
60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 86 mg (0.37
mmol, 96 %) of colorless oil.



Yield: 86 mg (0.37 mmol, 92 %), colorless oil.
[@] 5 =+27.0 ° (c = 1.74, CH,Cly), lit. [@] 2’ = +27.8 ° (c = 1, CH,Cl,).°
Rs=0.26 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

"H NMR (300 MHz, CDCl3) 6 = 9.63 (s, 1H, CHO), 5.29-5.13 (m, 1H, NH), 4.37—4.22 (m, 1H, CHCHO), 2.62-
2.46 (m, 2H, SCH,), 2.31-2.13 (m, 1H, NCHCH), 2.07 (s, 3H), 2.00-1.84 (m, 1H, NCHCH) 1.44 (s, 9H,
(CH;)5CO).

3C NMR (75 MHz, CDCl5) & = 199.2 (s, 1C, CHO), 155.7 (s, 1C, C=0), 80.4 (s, 1C, Me;C), 59.2 (s, 1C), 30.0
(s, 1C), 28.9 (s, 1C), 28.4 (s, 3C), 15.5 (s, 1C).

GC-FID (CP-Chiralsil Dex): tz ((S)-3c) = 14.2 min, 100%; ts ((R)-3c) = 14.4 min, no abundance detected; ee
>99%.

Racemic tert-butyl (4-(methylthio)-1-oxobutan-2-yl)carbamate (rac-3e)

O
N
Ox N

>(O S-S
rac-3e

This compound was synthesized by mixing 50 mg (0.20 mmol, 0.5 eq) Boc-L-Met-OH and 50 mg (0.20
mmol, 0.5 eq) Boc-D-Met-OH, and converting the mixture according to the general procedure. The
colorless solution was treated with 71 mg (0.44 mmol, 1.1 eq) CDI at 0 °C for 60 min, and subsequently,
dropwise with 0.84 mL (0.84 mmol, 2.1 eq) DIBAL-H. The mixture was stirred for 30 min at -78 °C until
TLC indicated full conversion. Extractive workup and drying over Na,SO, provided 89 mg (0.38 mmol, 95
%) of a colorless oil.

Yield: 89 mg (0.38 mmol, 95 %), colorless oil.
Rs=0.26 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

GC-FID (CP-Chiralsil Dex): tz ((S)-3¢) = 14.2 min; tz ((R)-3c) = 14.4 min.



tert-Butyl ((2S,3S)-3-methyl-1-oxopentan-2-yl)carbamate (3f)°

O
o N, |
>
(0]

3f

This compound was synthesized according to the general procedure using 185 mg (0.800 mmol, 1.0 eq)
Boc-L-lle-OH. The colorless solution was treated with 143 mg (0.880 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 1.68 mL (1.68 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was stirred for
60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 156 mg (0.725
mmol, 91 %) of colorless turbid oil.

Yield: 156 mg (0.725 mmol, 91 %), colorless turbid oil.
[a] 3% = +87.1° (c = 0.93, CH,Cl,), lit. [a] 0"**?**® = +85.0°.°
Rs=0.39 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl5) & = 9.64 (s, 1H, CHO), 5.23-4.97 (m, 1H, NH), 4.36—4.11 (m, 1H, CHCHO), 2.08—
1.86 (m, 1H), 1.55-1.33 (m, 10H, (CHs);CO and CH;CHH), 1.32-1.12 (m, 1H, CH;CHH), 1.03-0.79 (m, 6H,
2CHs).

BC APT NMR (75 MHz, CDCl3) & = 200.8 (s, 1C, CHO), 155.9 (s, 1C, C=0), 80.0 (s, 1C, MesC), 64.3 (s, 1C),
36.5 (s, 1C), 28.4 (s, 3C), 25.4 (s, 1C), 15.8 (s, 1C), 12.00 (s, 1C).

GC-EI-MS: tg ((2S,35)-6) = 6.09 min; m/z = 57 (100%), 69 (9%), 86 (47%), 112 (3%), 130 (29%), 142 (2%),
186 (2%).

GC-FID (CP-Chiralsil Dex): tg ((2R,3S)-3f) = 10.0 min, 0.46%; tz ((2S,3S)-3f) = 10.1 min, 99.54%; de = >99%.

Partial epimerization of tert-butyl ((2S,3S)-3-methyl-1-oxopentan-2-yl)carbamate ((2S,3S5)-3f) to tert-
butyl ((2R,3S)-3-methyl-1-oxopentan-2-yl)carbamate ((2R,3S5)-3f)

wg X"zr”j\'

(2S,3S)-3f (2R,3S)-3f

In a 10 mL Schlenk tube 50 mg (0.23 mmol) crude freshly prepared 3f were dissolved in 2.0 mL
cyclohexane/EtOAc 4:1. The solution was vigorously stirred with a Teflon-coated magnetic stirring bar



and 1.0 g of silica was added. The mixture was immediately purged by three cycles of alternate
evacuation to the point of gentle boiling and filling with nitrogen atmosphere. The colorless gel-like
mixture was stirred for 45h at 24 °C. Subsequently, the mixture was concentrated and dried under
reduced pressure. Filtration through a short pad of silica (SiO,, cyclohexane/EtOAc 6:1) provided 47 mg
(0.22 mmol, 96%) of a colorless oil.

Yield: 47 mg (0.22 mmol, 96%), colorless oil.
[@] 2 =+26.1° (c = 1.40, CHCl;).
Rs=0.39 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl;, (2R,3S)-epimer, based on HSQC) 6 = 9.60 (s, 1H, CHO), 5.10-4.92 (m, 1H, NH),
4.41-4.31 (m, 1H, CHCHO), 2.10-1.86 (m, 1H), 1.55-1.36 (m, 10H, (CH5)sCO and CH;CHH), 1.34-1.14 (m,
1H, CH3;CHH), 1.00-0.79 (m, 6H, 2CH;).

BCNMR (75 MHz, CDCl3, (2R,3S)-epimer, based on HSQC) § = 200.8 (s, 1C, CHO), 156.0 (s, 1C, C=0), 80.1
(s, 1C, Me;(), 63.3 (s, 1C), 35.3 (s, 1C), 28.4 (s, 3C), 26.4 (s, 1C), 14.6 (s, 1C), 12.00 (s, 1C).

GC-EI-MS:
tz ((2R,3S)-3f) = 6.04 min, 26.5%, m/z =57 (100%), 69 (10%), 86 (56%), 112 (4%), 130 (36%), 142 (3%),
186 (4%);
tr ((2S,3S)-3f) = 6.08 min, 73.5%; m/z =57 (100%), 69 (10%), 86 (57%), 112 (3%), 130 (36%), 142 (3%),
186 (4%).

GC-FID (CP-Chiralsil Dex): tz ((2R,3S)-3f) = 10.0 min, 31.58%; tx ((2S,3S)-3f) = 10.1 min, 68.42%.

Methyl (S)-3-((tert-butoxycarbonyl)amino)-4-oxobutanoate (3g)®
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This compound was synthesized according to the general procedure using 356 mg (1.44 mmol, 1.0 eq)
Boc-L-Asp(OMe)-OH. The colorless solution was treated with 257 mg (1.58 mmol, 1.1 eq) CDI at 0 °C for
60 min, and subsequently, dropwise with 3.02 mL (3.02 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was
stirred for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 295
mg of colorless turbid oil. Purification via flash chromatography (SiO,, cyclohexane/EtOAc 4:1) furnished
206 mg (0.893 mmol, 62 %) of the desired aldehyde as a colorless oil.

Yield: 206 mg (0.893 mmol, 62 %), colorless oil.



[a] 5 =-16.9 ° (c = 0.92, CHC,).
Rs=0.28 (cyclohexane/ethyl acetate = 2:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl3) & = 9.64 (s, 1H, CHO), 5.72-5.52 (m, 1H, NH), 4.44-4.25 (m, 1H, CHCHO), 3.69
(s, 3H), 3.08-2.91 (m, 1H, COCHH), 2.90-2.74 (m, 1H, COCHH), 1.45 (s, 9H, (CHs)5CO).

“C NMR (75 MHz, CDCl;) 6 = 199.3 (s, 1C, CHO), 171.8 (s, 1C, C=0), 155.6 (s, 1C, C=0), 80.7 (s, 1C, MesC),
56.1 (s, 1C), 52.3 (s, 1C), 34.5 (s, 1C), 28.4 (s, 3C).

Benzyl (S)-(4-methyl-1-oxopentan-2-yl)carbamate (3h)’

This compound was synthesized according to the general procedure using 212 mg (0.800 mmol, 1.0 eq)
Boc-L-Leu-OH. The colorless solution was treated with 143 mg (0.880 mmol, 1.1 eq) CDI at 0 °C for 60
min, and subsequently, dropwise with 1.68 mL (1.68 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was stirred
for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 174 mg
(0.698 mmol, 87 %) of colorless oil.

Yield: 174 mg (0.698 mmol, 87 %), colorless oil.
[@] 2} =-41.7° (c= 1.60, MeOH), [a] 5’ =-22.8 ° (c = 0.74, MeOH).
Rs=0.58 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl;, based on HSQC) & = 9.59 (s, 1H, CHO), 7.47-7.20 (m, 5H, Ar-H), 5.30-5.16 (m,
1H, NH), 5.12 (s, 2H), 4.41-4.25 (m, 1H, CHCHO), 1.87-1.53 (m, 2H, (CH3),CH and NCHCHH), 1.51-1.30
(m, 1H, NCHCHH), 1.05-0.77 (m, 6H, 2CH;).

C NMR (75 MHz, CDCl3) 6 = 199.8 (s, 1C, CHO), 156.3 (s, 1C, C=0), 136.3 (s, 1C, C,), 128.7 (s, 2C), 128.4
(s, 1C), 128.2 (s, 2C), 67.3 (s, 1C), 59.0 (s, 1C), 38.3 (s, 1C), 24.8 (s, 1C), 23.2 (s, 1C), 22.0 (s, 1C).

GC-FID (CP-Chiralsil Dex): tg ((S)-3h) = 24.5 min, 99.24%; t ((R)-3h) = 25.0 min, 0.76%; ee >98%.



Racemic benzyl (4-methyl-1-oxopentan-2-yl)carbamate (rac-3h)

rac-3h

This compound was synthesized according to the general procedure using 53 mg (0.20 mmol, 1.0 eq)
Cbz-DL-Leu-OH. The colorless solution was treated with 36 mg (0.22 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.42 mL (0.42 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was stirred for
60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 43 mg (0.17
mmol, 85 %) of colorless oil.

Yield: 43 mg (0.17 mmol, 85 %), colorless oil.
Rs=0.58 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

GC-FID (CP-Chiralsil Dex): tz ((S)-3h) = 24.5 min, tz ((R)-3h) = 25.0 min.

Benzyl (S)-(1-oxo-3-phenylpropan-2-yl)carbamate (3i)?

This compound was synthesized according to the general procedure using 239 mg (0.800 mmol, 1.0 eq)
Cbz-L-Phe-OH. The colorless solution was treated with 143 mg (0.880 mmol, 1.1 eq) CDI at 0 °C for 60
min, and subsequently, dropwise with 1.68 mL (1.68 mmol, 2.1 eq) of 1 M DIBAL-H. The mixture was
stirred for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 225
mg (0.794 mmol, 99 %) of white solid.

Yield: 225 mg (0.794 mmol, 99 %), white solid.

m.p. = 76-79 °C, lit. 77-79 °C.?

[@] 2 = +43.7 ° (c = 0.56, CH,Cl,), lit. [] 2’ = +44.5 ° (c = 1, CH,Cl,).>
R;=0.15 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl5) 6 = 9.63 (s, 1H, CHO), 7.44-7.02 (m, 10H, Ar—H), 5.39-5.22 (m, 1H, NH), 5.11 (s,
2H, CH,0), 4.59-4.43 (m, 1H, CHCHO), 3.13 (d, °J = 6.3 Hz, 2H, CH,).



3C APT NMR (75 MHz, CDCl5) & = 199.0 (s, 1C, CHO), 156.0 (s, 1C, C=0), 136.2 (s, 1C, C), 135.5 (s, 1C, Cy),
129.4 (s, 2C), 129.0 (s, 2C), 128.7 (s, 1C), 128.4 (s, 1C), 128.3 (s, 2C), 127.3 (s, 1C), 67.3 (s, 1C), 61.2 (s, 1C),
35.5 (s, 1C).

Enantiomeric excess was determined indirectly by conversion of freshly isolated material into alcohol 8i.

10,11

Benzyl (S)-(1-hydroxy-3-phenylpropan-2-yl)carbamate (8i)

(o it ]

In a 5 mL glass vial equipped with a Teflon®-coated magnetic stirring bar 42 mg (0.15 mmol, 1.0 eq)
freshly prepared compound 3i were dissolved in 1.5 mL of MeOH, stirred and cooled to 0 °C in an ice
bath. 27 mg (0.17 mmol, 1.1 eq) NaBH, were added to the colorless solution at 0 °C, the vial was covered
with aluminium foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C,
when TLC indicated full conversion. The reaction was quenched by the addition of 200 uL acetone and
stirred for 5 min at RT. The solvents were removed under reduced pressure and the residue was
partitioned between 3.0 mL EtOAc and 1.0 mL NaHCO; (sat). The organic phase was concentrated under
reduced pressure and purified by flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 38 mg
(0.13 mmol, 86%) of a white solid.

Yield: 38 mg (0.13 mmol, 86%), white solid.

m.p. = 88-90 °C, lit. 90-91 °C.

[a] 5 =-23.2° (c=0.69, CHCly), lit. [a] 3 =-28.5 ° (c = 1.0, CHCI3). ™
Rs=0.37 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl5) & = 7.42=7.09 (m, 10H, Ar-H), 5.06 (s, 2H, CH,0CO), 5.06—4.88 (m, 1H, NH),
4.02-3.84 (m, 1H, CHCH,0), 3.67 (dd, ?J = 10.5 Hz,*/ = 2.7 Hz, 2H, NCHCHH), 3.56 (dd, 2/ = 10.5 Hz,%/ = 4.4
Hz, 2H, NCHCHH), 2.85 (d, °J = 7.0 Hz, 2H, CH,OH), 2.08 (s, 1H, OH).

“C NMR (75 MHz, CDCl3) 6 = 156.6 (s, 1C, C=0), 137.7 (s, 1C, C,), 136.5 (s, 1C, C,), 129.4 (s, 2C), 128.8 (s,
2C), 128.7 (s, 2C), 128.3 (s, 1C), 128.2 (s, 2C), 126.8 (s, 1C), 67.0 (s, 1C), 64.1 (s, 1C), 54.3 (s, 1C), 37.5 (s,
1C).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): t; ((S)-8i) = 17.2 min, 98.56%; tz ((R)-8i) = 21.0
min, 1.44%; ee > 97%.



Racemic benzyl (1-hydroxy-3-phenylpropan-2-yl)carbamate (rac-8i)

rac-8i

The aldehyde intermediate was synthesized according to the general procedure using 60 mg (0.200
mmol, 1.0 eq) Cbz-DL-Phe-OH. The colorless solution was treated with 36 mg (0.220 mmol, 1.1 eq) CDI at
0 °C for 60 min, and subsequently, dropwise with 0.42 mL (0.42 mmol, 2.1 eq) 1 M DIBAL-H. The mixture
was stirred for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided
53 mg (0.19 mmol, 94%) of rac-3i as colorless oil.

In a 5 mL glass vial equipped with a Teflon-coated magnetic stirring bar 42 mg (0.15 mmol, 1.0 eq) freshly
prepared rac-3i were dissolved in 1.5 mL of MeOH, stirred and cooled to 0 °C in an ice bath. 27 mg (0.17
mmol, 1.1 eq) NaBH, were added to the colorless solution at 0 °C, the vial was covered with aluminium
foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C, when TLC
indicated full conversion. The reaction was quenched by the addition of 200 uL of acetone and stirred for
5 min at RT. Solvents were removed under reduced pressure and the residue was partitioned between
3.0 mL EtOAc and 1.0 mL NaHCOs; (sat). The organic extract was concentrated under reduced pressure
and purified via flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 37 mg (0.13 mmol, 81%, 2
steps) of a white solid.

Yield: 37 mg (0.13 mmol, 81%, 2 steps), white solid.
m.p. =86—-89 °C
Rs=0.37 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): t; ((S)-8i) = 17.3 min; tz ((R)-8i) = 22.0 min.

Benzyl (S)-(1-oxopropan-2-yl)carbamate (3j)*

3]

This compound was synthesized according to the general procedure using 179 mg (0.800 mmol, 1.0 eq)
Cbz-L-Ala-OH. The colorless solution was treated with 143 mg (0.880 mmol, 1.1 eq) CDI at 0 °C for 60



min, and subsequently, dropwise with 1.68 mL (1.68 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was stirred
for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 156 mg
(0.753 mmol, 94 %) of colorless oil.

Yield: 156 mg (0.753 mmol, 94 %), colorless oil.
[@] 5 =+10.4 ° (c = 1.17, CH,Cly), lit. [@] 3° = +9.9 ° (c = 0.75, CH,Cl,). ™
Rs=0.12 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy).

'H NMR (300 MHz, CDCl3) & = 9.54 (s, 1H, CHO), 7.43-7.21 (m, 5H, Ar—H), 5.59-5.39 (m, 1H, NH), 5.11 (s,
2H, CH,0), 4.38-4.20 (m, 1H, CHCHO), 1.42—1.24 (m, 3H, CH;).

C APT NMR (75 MHz, CDCls) & = 199.2 (s, 1C, CHO), 156.0 (s, 1C, C=0), 136.2 (s, 1C, C,), 128.7 (s, 2C),
128.4 (s, 1C), 128.2 (s, 2C), 67.2 (s, 1C), 56.0 (s, 1C), 14.9 (s, 1C).

Enantiomeric excess was determined indirectly by conversion of freshly isolated material into alcohol 8.

Benzyl N-[(2S)-1-hydroxypropan-2-yl]carbamate (8j)"*
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In a 5 mL glass vial equipped with a Teflon®-coated magnetic stirring bar 81 mg (0.39 mmol, 1.0 eq)
freshly prepared compound 3j were dissolved in 4.0 mL of MeOH, stirred and cooled to 0 °C in an ice
bath. 17 mg (0.44 mmol, 1.1 eq) NaBH, were added to the colorless solution at 0 °C, the vial was covered
with aluminium foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C,
when TLC indicated full conversion. The reaction was quenched by the addition of 200 uL acetone and
stirred for 5 min at RT. The solvents were removed under reduced pressure and the residue was
partitioned between 3.0 mL EtOAc and 1.0 mL NaHCO; (sat). The organic phase was concentrated under
reduced pressure and purified via flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 75 mg
(0.36 mmol, 92%) of a colorless oil.

Yield: 50 mg (0.25 mmol, 92%), colorless oil.
[@] 2 =-10.7 ° (c = 0.55, CHCly), lit. [a] & = -6.53 ° (c = 0.95, CHCl3)".

R;=0.30 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).



'H NMR (300 MHz, CDCls, based on HSQC) & = 7.44-7.21 (m, S5H, Ar—H), 5.09 (s, 2H, CH,0CO), 5.03-4.89
(m, 1H, NH), 3.91-3.75 (m, 1H, CHCH,0), 3.65 (dd, % = 10.7 Hz,%J = 2.8 Hz, 2H, NCHCHH), 3.51 (dd, J =
10.7 Hz,%J = 5.7 Hz, 2H, NCHCHH), 2.57 (s, 1H, OH), 1.16 (d, *J = 6.8 Hz, 3H, CH;).

3C NMR (75 MHz, CDCls, based on HSQC) & = 156.7 (s, 1C, C=0), 136.5 (s, 1C, C,), 128.7 (s, 2C), 128.3 (s,
1C), 128.2 (s, 2C), 67.0 (s, 2C, CH,CO, and CH,0H), 49.1 (s, 1C), 17.4 (s, 1C).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): tz ((S)-8j) = 12.3 min, 100%; t; ((R)-8]) = 15.6 min,
no abundance detected; ee >99%.

Racemic benzyl N-[1-hydroxypropan-2-ylJcarbamate (rac-8j)
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The aldehyde intermediate was synthesized according to the general procedure using 45 mg (0.20 mmol,
1.0 eq) Cbz-DL-Ala-OH. The colorless solution was treated with 36 mg (0.22 mmol, 1.1 eq) CDI at 0 °C for
60 min, and subsequently, dropwise with 0.42 mL (0.42 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was
stirred for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 29
mg (0.14 mmol, 70%) of rac-8j as colorless oil.

In a 5 mL glass vial equipped with a Teflon-coated magnetic stirring bar 29 mg (0.14 mmol, 1.0 eq) freshly
prepared rac-8j were dissolved in 2.0 mL of MeOH, stirred and cooled to 0 °C in an ice bath. 8 mg (0.2
mmol, 1.1 eq) NaBH,; were added to the colorless solution at 0 °C, the vial was covered with aluminium
foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C, when TLC
indicated full conversion. The reaction was quenched by the addition of 200 pL of acetone and stirred for
5 min at RT. Solvents were removed under reduced pressure and the residue was partitioned between
3.0 mL EtOAc and 1.0 mL NaHCO; (sat). The organic extract was concentrated under reduced pressure
and purified via flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 19 mg (0.091 mmol, 45%, 2
steps) of a colorless oil.

Yield: 19 mg (0.091 mmol, 45%, 2 steps), colorless oil.
Rs=0.30 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): t; ((S)-8j) = 12.3 min; tz ((R)-8j) = 15.6 min.



(9H-Fluoren-9-yl)methyl (S)-2-formylpyrrolidine-1-carboxylate (3k)**
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This compound was synthesized according to the general procedure using 270 mg (0.800 mmol, 1.0 eq)
Fmoc-L-Pro-OH. The colorless solution was treated with 143 mg (0.880 mmol, 1.1 eq) CDI at 0 °C for 60
min, and subsequently, dropwise with 2.68 mL (2.68 mmol, 3.1 eq) 1 M DIBAL-H. The mixture was stirred
for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 272 mg of
white amorphous gel. Purification via flash chromatography (SiO,, cyclohexane/EtOAc 4:1) provided 184
mg (0.573 mmol, 72 %) of the desired aldehyde as colorless oil.

Yield: 184 mg (0.573 mmol, 72 %), colorless oil.
[a] 5’ =-62.7 ° (c = 3.60, CHCl,).
Rs=0.25 (cyclohexane/ethyl acetate = 2:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCls, mixture of two conformers, based on HSQC) & = 9.58 and 9.25 (s, 1H, CHO),
7.88-7.20 (m, 8H, Ar—H), 4.65-4.37 (m, 2H, CH,0), 4.37-3.39 (m, 2H, CHCHO and CHCH,0), 3.66—3.38
(m, 2H, NCH,), 2.20-1.69 (m, 4H, NCH,(CH,),).

B3C NMR (75 MHz, CDCl;, based on HSQC) & = 200.0 and 199.8 (s, 1C, CHO), 155.4 and 154.6 (s, 1C, C=0),
143.9 and 143.8 (s, 2C, C,), 141.4 (s, 2C, C,), 127.8 (s, 2C), 127.1 (s, 2C), 125.2 and 124.9 (s, 2C), 120.0 (s,
2C), 67.6 and 67.3 (s, 1C), 65.3 and 64.8 (s, 1C), 47.3 (s, 1C), 46.7 (s, 1C), 27.8 and 26.6 (s, 1C), 24.6 and
23.6 (s, 1C).

Enantiomeric excess was determined indirectly by conversion of crude, freshly isolated material, not
subjected to flash chromatography, into alcohol 8k.

" Flash chromatography was performed due to somewhat lower purity than in the cases of other aldehydes, to
determine the exact abundance of the desired aldehyde. Due to propensity for racemization on silica
(demonstrated in epimerization experiment for 3f), for further synthetic use we recommend the usage of
nonchromatographed material, as demonstrated in the examples 8k and rac-8k.



9H-Fluoren-9-ylmethyl (25)-2-(hydroxymethyl)pyrrolidine-1-carboxylate (8k)"
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In a 5 mL glass vial equipped with a Teflon®-coated magnetic stirring bar 103 mg (0.320 mmol, 1.0 eq)
freshly prepared, nonchromatographed compound 3k were dissolved in 4.0 mL of MeOH, stirred and
cooled to 0 °C in an ice bath. 17 mg (0.44 mmol, 1.4 eq) NaBH, were added to the colorless solution at 0
°C, the vial was covered with aluminium foil to facilitate a pressure relief. The mixture was stirred
vigorously for 20 min at 0 °C, when TLC indicated full conversion. The reaction was quenched by the
addition of 200 pL acetone and stirred for 5 min at RT. The solvents were removed under reduced
pressure and the residue was partitioned between 3.0 mL EtOAc and 1.0 mL NaHCO; (sat). The organic
phase was concentrated under reduced pressure and purified via flash chromatography (SiO,,
cyclohexane/EtOAc 2:1) to yield 85 mg (0.26 mmol, 81%) of a white solid.

Yield: 85 mg (0.26 mmol, 81%), white solid.

m.p. = 89 °C, lit. 89-90 °C."

[@] 5 =-29.2 ° (c=0.42, CHCly), lit. [a] &' =-30.3 ° (c = 1.02, CHCl3).”
Rs=0.40 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCls, based on HSQC) & = 7.78 (d, >J = 7.3 Hz, 2H, Ar-H), 7.61 (d, >J = 7.3 Hz, 2H, Ar—
H), 7.42 (t, ) = 7.3 Hz, 2H, Ar—H), 7.33 (t, °J = 7.3 Hz, 2H, Ar—H), 4.45 (brs, 2H, CH,0CO), 4.25 (t, >/ = 6.5
Hz, 1H, benzylic CH), 4.10-3.87 (m, 1H, NCHCH,0), 3.78-2.99 (m, 5H, CH,OH and NCH,CH,), 2.14-1.53
(m, 4H, NCH,CH,CH.).

3C NMR (75 MHz, CDCls, based on HSQC) & = 157.3 (s, 1C, C=0), 144.1 (s, 1C, C,), 141.5 (s, 1C, C), 127.8
(s, 2C), 127.2 (s, 2C), 125.1 (s, 2C), 120.1 (s, 2C), 67.6 (s, 1C, CH,CO,), 67.1 (s, 1C, CH,0H), 60.9 (s, 1C),
47.5 (s, 1C), 47.4 (s, 1C), 28.7 (s, 1C), 24.2 (s, 1C).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): tz ((S)-8k) = 20.5 min, 100%; ts ((R)-8k) = 24.3 min,
no abundance detected; ee >99%.



Racemic 9H-fluoren-9-ylmethyl (25)-2-(hydroxymethyl)pyrrolidine-1-carboxylate (rac-8k)

rac-8k

This compound was synthesized by mixing 68 mg (0.20 mmol, 0.5 eq) Fmoc-L-Pro-OH and 68 mg (0.20
mmol, 0.5 eq) Fmoc-D-Pro-OH, and converting the mixture according to the general procedure. The
colorless solution was treated with 71 mg (0.44 mmol, 1.1 eq) CDI at 0 °C for 60 min, and subsequently,
dropwise with 0.84 mL (0.84 mmol, 2.1 eq) 1 M DIBAL-H. The mixture was stirred for 60 min at -78 °C
until TLC indicated full conversion. Extractive workup and drying provided 29 mg (0.14 mmol, 70%) of
rac-3k as colorless oil.

In a 5 mL glass vial equipped with a Teflon-coated magnetic stirring bar 111 mg (0.345 mmol, 1.0 eq)
freshly prepared rac-3k were dissolved in 4.0 mL of MeOH, stirred and cooled to 0 °C in an ice bath. 17
mg (0.44 mmol, 1.1 eq) NaBH, were added to the colorless solution at 0 °C, the vial was covered with
aluminium foil to facilitate a pressure relief. The mixture was stirred vigorously for 20 min at 0 °C, when
TLC indicated full conversion. The reaction was quenched by the addition of 200 pL of acetone and
stirred for 5 min at RT. Solvents were removed under reduced pressure and the residue was partitioned
between 3.0 mL EtOAc and 1.0 mL NaHCO; (sat). The organic extract was concentrated under reduced
pressure and purified via flash chromatography (SiO,, cyclohexane/EtOAc 2:1) to yield 68 mg (0.21 mmol,
53%, 2 steps) of a colorless oil.

Yield: 68 mg (0.21 mmol, 53%, 2 steps), colorless oil.
Rs=0.40 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

HPLC (Daicel Chemical Technologies Chiralpak® AD-H): t; ((S)-8k) = 20.5 min; tz ((R)-8k) = 24.3 min.

(9H-Fluoren-9-yl)methyl benzyl (6-oxohexane-1,5-diyl)(S)-dicarbamate (31)*°

S
O‘ O\H/Ny



This compound was synthesized according to the general procedure using 402 mg (0.800 mmol, 1.0 eq)
Fmoc-L-Lys(Cbz)-OH. The white colloidal solution was treated with 143 mg (0.880 mmol, 1.1 eq) CDI at 0
°C for 60 min, which resulted in complete dissolution. Subsequently, the reaction solution was treated
dropwise with 3.20 mL (3.20 mmol, 4.0 eq) 1 M DIBAL-H. The mixture was stirred for 60 min at -78 °C
until TLC indicated full conversion. Extractive workup and drying provided 391 mg of a turbid gel.
Purification via flash chromatography+ (SiO,, cyclohexane/EtOAc 4:1) furnished 201 mg (0.413 mmol, 52
%) of the desired aldehyde as a viscous colorless oil.

Yield: 201 mg (0.413 mmol, 52 %), viscous colorless oil.
[@] 2> =+10.7 ° (c = 5.30, CHCl;).
Rs= 0.44 (cyclohexane/ethyl acetate = 1:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl5) & = 9.48 (s, 1H, CHO), 7.71 (d, ) = 7.4 Hz, 2H, Ar—H), 7.56 (d, >/ = 7.0 Hz, 2H, Ar—
H), 7.40-7.19 (m, 9H, Ar-H), 5.65-5.46 (m, 1H, FmocNH), 5.04 (s, 2H, PhCH,0), 4.99-4.82 (m, 1H,
CbzNH), 4.39 (d, °J = 4.7 Hz, 2H, CHCH,0), 4.27-4.07 (m, 2H, NCH and CHCH,0), 3.24-2.96 (m, 2H, NCH,),
1.94-1.19 (m, 6H, NCH,(CH,)3).

3C NMR (75 MHz, CDCls) & = 199.5 (s, 1C, CHO), 156.7 (s, 1C, C=0), 156.3 (s, 1C, C=0), 143.8 (s, 2C, C,),
141.4 (s, 2C, Cg), 136.6 (s, 1C, C,), 128.6 (s, 2C), 128.2 (s, 1C), 128.1 (s, 2C), 127.8 (s, 2C), 127.1 (s, 2C),
125.1 (s, 2C), 67.0 (s, 1C), 66.7 (s, 1C), 60.0 (s, 1C), 47.2 (s, 1C), 40.4 (s, 1C), 29.6 (s, 1C), 28.5 (s, 1C), 22.1
(s, 1C).

HRMS (MALDI-TOF): Calcd. for C,H3oN,0sNa [M+Na]*: 509.2052; found: 509.2055.

tert-Butyl (S)-(2-oxo-1-phenylethyl)carbamate (3m)*’

This compound was synthesized via a modified procedure using 100 mg (0.400 mmol, 1.0 eq) Boc-L-Phg-
OH. The colorless solution was treated with 72 mg (0.44 mmol, 1.2 eq) CDI at 0 °C. After 30 min of
stirring 27 mg (0.20 mmol, 0.5 eq) CuCl, were added and the mixture was stirred at RT for 60 min.
Subsequently, 0.84 mL (0.84 mmol, 2.1 eq) 1 M DIBAL-H were added dropwise at the rate of 2.0 mL/min.
The mixture was stirred for 30 min at -78 °C until TLC indicated full conversion. Extractive workup and
drying provided 82 mg (0.35 mmol, 88 %) of pale yellow oil.

" Flash chromatography was performed due to somewhat lower purity than in the cases of other aldehydes, to
determine the exact abundance of the desired aldehyde. Due to propensity for racemization on silica
(demonstrated in epimerization experiment for 3f), for further synthetic use we recommend the usage of
nonchromatographed material, as demonstrated in the examples 8k and rac-8k.



Yield: 82 mg (0.35 mmol, 88 %), pale yellow oil.
[a] 2° =+213 ° (c = 1.98, CH,C), lit. [a] 5 =+272° (c = 0.9, CH,Cl,)."
Rs=0.27 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl3) & = 9.53 (s, 1H, CHO), 7.53-7.16 (m, 5H, Ar—H), 5.88-5.67 (m, 1H, NH), 5.42—
5.19 (m, 1H, CHCHO), 1.42 (s, 9H, (CHs)5CO).

C NMR (75 MHz, CDCl;) 6 = 195.2 (s, 1C, CHO), 155.1 (s, 1C, C=0), 132.9 (s, 1C, Cq), 129.5 (s, 2C), 128.9
(s, 1C), 127.9 (s, 2C), 80.4 (s, 1C, Mes(), 65.0 (s, 1C), 28.4 (s, 3C).

GC-FID (CP-Chiralsil Dex): tz ((S)-3m) = 14.1 min, 91.51%; tz ((R)-3m) = 14.6 min, 8.49%; ee = 83%.

Racemic tert-butyl (2-oxo-1-phenylethyl)carbamate (rac-3m)

oy
e

rac-3m

This compound was synthesized according to the general procedure using 75 mg (0.30 mmol, 1.0 eq)
Boc-DL-Phg-OH. The colorless solution was treated with 54 mg (0.33 mmol, 1.1 eq) CDI at 0 °C for 60 min,
and subsequently, dropwise with 0.63 mL (0.63 mmol, 2.1 eq) of 1 M DIBAL-H. The mixture was stirred
for 60 min at -78 °C until TLC indicated full conversion. Extractive workup and drying provided 58 mg
(0.25 mmol, 83 %) of pale yellow oil.

Yield: 58 mg (0.25 mmol, 83 %), pale yellow oil.
Rs=0.27 (cyclohexane/ethyl acetate = 4:1 (v/v); staining: KMnOy,).

GC-FID (CP-Chiralsil Dex): tz ((S)-3m) = 14.2 min; tg ((R)-3m) = 14.6 min.



Ethyl (tert-butoxycarbonyl)-L-valyl-L-phenylalaninate (6a)*®

xuﬂg A

6a

A 50 mL Schlenk flask with a magnetic stirring bar was dried under vacuum with a heat gun and purged
with N,. 261 mg (1.20 mmol, 1.0 eq) Boc-Val-OH were dissolved in 8 mL abs. DMF and 838 pL (4.80
mmol, 4.0 eq) Hiinig’s base were added to the stirred solution. After cooling to 0 °C (ice bath), 462 mg
(1.44 mmol, 1.2 eq) TBTU were added in one portion. After 5 min of activation time H-Phe-OEt*HCI (304
mg, 1.32 mmol, 1.1 eq) was added, the ice bath removed and the reaction mixture was stirred for 50
min. The mixture was quenched by the addition of 8 mL brine and extracted with EtOAc (32 mL). The
layers were separated and the aqueous phase was extracted with 16 mL EtOAc. The combined organic
layers were washed with H,O (2 x 8 mL) and brine (8 mL). The organic phase was dried over Na,SO,,
concentrated under reduced pressure and purified via flash chromatography (SiO,; CH,Cl,/MeOH = 10:1
v/v).

Yield: 433 mg (1.10 mmol, 92 %), white solid.

m.p. =112 °C, lit. 117-118 °C.*®

(] 5 =-24.7° (c = 0.99, EtOH), lit. [a] 3’ =-23° (c = 1, EtOH)."®
Rf=0.32 (CH,Cl,/MeOH = 10:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl;) & = 7.33-7.08 (m, 5H, Ar-H), 6.39-6.27 (m, 1H, OCNH), 5.03 (d, ®/ = 7.3 Hz, 1H,
0,CNH), 4.85 (dd, ®J = 13.6 Hz, 6.1 Hz, 1H, BnCH), 4.15 (q, >/ = 7.1 Hz, 2H, CO,CH,), 3.90 (m, 1H, i-PrCH),
3.12 (d, 3/ = 5.8 Hz, 2H, PhCH,), 2.16-2.02 (m, 1H, CH(CHs),), 1.45 (s, 9H, (CHs)s), 1.22 (t, */ = 7.1 Hz, 3H,
CO,CH,CH;), 0.96-0.82 (m, 6H, CH(CH;),).

B3C NMR (75 MHz, CDCl3) § = 171.4 (s, 1C, C=0), 171.3 (s, 1C, C=0), 155.8 (s, 1C, HNCO,), 135.9 (s, 1C, Cq—
Ar), 129.5 (s, 2C, C-Ar), 128.7 (s, 2C, C-Ar), 127.3 (s, 1C, C-Ar), 80.0 (s, 1C, Me;(), 61.6 (s, 1C), 60.0 (s,
1C), 53.3 (s, 1C), 38.2 (s, 1C), 31.0 (s, 1C), 28.4 (s, 3C), 19.3 (s, 1C), 17.8 (s, 1C), 14.2 (s, 1C).



Methyl (tert-butoxycarbonyl)-L-valyl-D-phenylalaninate (6b)"

¢

N
PN o
6b

ZT

Ty

A 50 mL Schlenk flask with a magnetic stirring bar was dried under vacuum with a heat gun and purged
with N,. 261 mg (1.20 mmol, 1.0 eq) Boc-Val-OH were dissolved in 8 mL abs. DMF and 838 uL (4.80
mmol, 4.0 eq) Hiinig’s base were added to the stirred solution. After cooling to 0 °C (ice bath), 462 mg
(1.44 mmol, 1.2 eq) TBTU were added in one portion. After 5 min of activation time H-D-Phe-OMe*HClI
(285 mg, 1.32 mmol, 1.1 eq) was added, the ice bath removed and the reaction mixture was stirred for
50 min. The mixture was quenched by the addition of 8 mL brine and extracted with EtOAc (32 mL). The
layers were separated and the aqueous phase was extracted with 16 mL EtOAc. The combined organic
layers were washed with H,0 (2 x 8 mL) and brine (8 mL), was dried over Na,SO,, concentrated under
reduced pressure and purified via flash chromatography (SiO,; CH,Cl,/MeOH = 10:1 v/v).

Yield: 398 mg (1.05 mmol, 88 %), white solid.

m.p. = 101-103 °C, lit. 104-105 °C.*

[@] 5 =-35.7° (c = 1.0, CHCly), lit. [@] 3° = +37.8° (c = 1.0, CHCI,)."*
Rf=0.28 (CH,Cl,/MeOH = 10:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, CDCl;) § = 7.35-7.18 (m, 3H, Ar—H), 7.17-7.05 (m, 2H, Ar-H), 6.44 (d, *J = 7.7 Hz, 1H,
OCNH), 5.05-4.80 (m, 2H, 0,CNH and BnCH), 3.97 (m, 1H, iPrCH), 3.71 (s, 3H, CO,CHs), 3.19-3.01 (m, 2H,
PhCH,), 2.19-2.03 (m, 1H, CH(CHs),), 1.43 (s, 9H, (CHs)s), 0.88 (d, > = 6.7 Hz, 3H, CHCH,CHs), 0.80 (d, *J =
6.8 Hz, 3H, CHCH;CHs).

B3C NMR (75 MHz, CDCl3) § = 172.0 (s, 1C, C=0), 171.4 (s, 1C, C=0), 155.9 (s, 1C, HNCO,), 135.9 (s, 1C, Cq
Ar), 129.3 (s, 2C, C-Ar), 128.8 (s, 2C, C-Ar), 127.3 (s, 1C, C-Ar), 80.1 (s, 1C, Me;(), 59.8 (s, 1C), 53.1 (s,
1C), 52.5 (s, 1C), 38.2 (s, 1C), 30.8 (s, 1C), 28.4 (s, 3C), 19.4 (s, 1C), 17.3 (s, 1C).



(tert-Butoxycarbonyl)-L-valyl-L-phenylalanine (7a)***

XOTH%N OH

In a 50 mL round bottom flask 410 mg (1.04 mmol, 1 eq) 6a were dissolved in 3.5 mL THF. A solution of
175 mg (4.18 mmol, 4.0 eq) LiOH x H,0 in 5.2 mL H,0 was added under vigorous stirring. After full
conversion was indicated by TLC, EtOAc (5 mL) was added and the pH adjusted to 4 with 25 % aqueous
citric acid. The mixture was poured into a separation funnel, the layers separated and aqueous layer was
extracted with EtOAc (5 mL). The combined organic extracts were washed with H,0 (2.5 mL) and brine (5
mL), dried over Na,SO,, and concentrated under reduced pressure. The crude product was purified via
silica gel filtration (SiO,; CH,Cl,/MeOH = 9:1 (v/v)) to obtain the desired product as a white solid.

Yield: 362 mg (0.99 mmol, 96 %), white solid.

m.p. = 123-128 °C, lit. 114-115 °C.”°

[@] 2 =-15.2° (c = 1.0, MeOH), lit. [a] 5 = +13.7° ( c= 1.00, MeOH).**
Rf=0.22 (cyclohexane/EtOAc = 1:1 (v/v); staining: KMnOy,).

'H NMR (300 MHz, methanol-d4) & = 7.30-7.15 (m, 5H, Ar—H), 4.68 (dd, */ = 7.9 Hz, 5.3 Hz, 1H, BnCH),
3.84 (d, *J = 7.0 Hz, 1H, i-PrCH), 3.19 (dd, %/ = 13.8 Hz, */ = 4.9 Hz, 1H, PhCH,), 2.99 (dd, %/ = 13.8 Hz, >/ =
8.5 Hz, 1H, PhCH,), 2.03-1.86 (m, 1H, CH(CHs),), 1.43 (s, 9H, (CHs)3), 0.92—0.80 (m, 6H, CH(CHs),).

B3C NMR (75 MHz, methanol-d4) & = 174.3 (s, 1C, C=0), 174.2 (s, 1C, C=0), 157.8 (s, 1C, C=0), 138.3 (s,
1C, C4-Ar), 130.3 (s, 2C, C-Ar), 129.4 (s, 2C, C-Ar), 127.7 (s, 1C, C-Ar), 80.5 (s, 1C, Me;C), 61.5 (s, 1C),
54.8 (s, 1C), 38.5 (s, 1C), 32.1 (s, 1C), 28.7 (s, 3C), 19.7 (s, 1C), 18.5 (s, 1C).

(tert-Butoxycarbonyl)-L-valyl-D-phenylalanine (7b)

In a 50 mL round bottom flask 363 mg (0.96 mmol, 1 eq) 6b were dissolved in 3.2 mL THF. A solution of
161 mg (3.84 mmol, 4.0 eq) LiOH x H,0 in 4.8 mL H,0 was added under vigorous stirring. After full



conversion was indicated by TLC, EtOAc (5 mL) was added and the pH adjusted to 4 with 25 % aqueous
citric acid. The mixture poured into a separation funnel, the layers separated and aqueous layer was
extracted with additional EtOAc (5 mL). The combined organic extracts were washed with H,0 (2.5 mL)
and brine (5 mL), dried over Na,SO,, and concentrated under reduced pressure. The crude product was
purified via silica gel filtration (SiO,; CH,Cl,/MeOH = 9:1 (v/v)) to obtain the desired product as a white
solid.

Yield: 315 mg (0.84 mmol, 90 %), white solid.

m.p. =74-78 °C

[@] 5 =-17.2° (c = 1.0, MeOH)

Rf=0.23 (cyclohexane/EtOAc = 1:1 (v/v); staining: KMnO,).

'H NMR (300 MHz, methanol-d4) § = 7.32-7.15 (m, 5H, Ar—H), 4.68 (dd, >/ = 8.9 Hz, 4.3 Hz, 1H, BnCH),
3.91(d, >/ = 5.8 Hz, 1H, i-PrCH), 3.24 (dd, %/ = 14.0 Hz, */ = 6.7 Hz, PhCHH), 2.96 (dd, ¥/ = 14.0 Hz, >/ = 9.6
Hz, PhCHH) 1.98-1.74 (m, 1H, CH(CHs),), 1.43 (s, 9H, (CH,)s), 0.77 (d, *J = 6.8 Hz, 3H, CH(CHs),), 0.70 (d, *J
= 6.8 Hz, 3H, CH(CH;),).

3C NMR (75 MHz, methanol-d4) 6 = 174.5 (s, 1C, C=0), 174.2 (s, 1C, C=0), 157.9 (s, 1C, HNCO,), 138.4 (s,
1C, C,~Ar), 130.3 (s, 2C, C-Ar), 129.5 (s, 2C, C-Ar), 127.8 (s, 1C, C-Ar), 80.6 (s, 1C, Me;C), 61.1 (s, 1C),
54.9 (s, 1C), 38.4 (s, 1C), 32.2 (s, 1C), 28.7 (s, 3C), 19.7 (s, 1C), 17.8 (s, 1C).

HRMS (MALDI-TOF): Calcd. for CyoH,sN,0sNa [M+Na]*: 387.1896; found: 387.1809.

tert-Butyl ((S)-3-methyl-1-oxo-1-(((S)-1-oxo-3-phenylpropan-2-yl)amino)butan-2-yl)carbamate (4a)*

4a

A 50 mL Schlenk flask, equipped with a glass stopper and a magnetic stirring bar was heated, dried under
vacuum and purged with N,. 146 mg (0.400 mmol, 1.0 eq) 7a were dissolved in 8.0 mL abs.
dichloromethane, and the solution was cooled to 0 °C (ice bath). 78 mg (0.480 mmol, 1.2 eq) 1,1'-
carbonyldiimidazole (CDI) were added and a gas bubbler was mounted instead of the glass stopper to
maintain a pressure relief. After stirring for 60 min the gas bubbler was removed and exchanged by a
septum while maintaining a gentle counter flow of N,. The heterogeneous reaction mixture was cooled
to -78 °C (CO,/acetone bath) for 15 min. Subsequently, 1.24 mL (1.24 mmol, 3.1 eq) DIBAL-H solution
(1.0 mol/L in toluene) were added dropwise with a syringe through the septum at a rate of 2.0 mL/h.



Reaction mixture was stirred at -78 °C until TLC indicated quantitative conversion (60 min). The reaction
mixture was quenched by addition of 8.0 mL EtOAc. The acetone bath was removed, the gas bubbler was
mounted, and 3.0 mL 25% aqueous tartaric acid solution were added to the mixture under vigorous
stirring. The mixture was warmed up by immersing the vessel into a water bath at RT and stirred
vigorously for 15 min. The stirring was stopped and the layers were separated. The aqueous phase was
extracted with EtOAc (1 x 4.0 mL) and the combined organic extracts were washed with 1 M HCI (1 x 3.0
mL), 0.8 M NaHCO; (1 x 3.0 mL) and brine (1 x 3.0 mL), dried over Na,SO,, concentrated under reduced
pressure and dried in vacuo.

Yield: 124 mg (0.356 pumol, 89 %), white solid.

m.p. = 128-131 °C, lit. 124-125 °C.*

[@] 2 =-3.0° (c = 0.69, CHCly), lit. [a] ¥ =-55.4° (c = 1.0, MeOH).”
Rf=0.32 (cyclohexane/EtOAc = 1:1 (v/v); staining: KMnO4).

'H NMR (300 MHz, CDCl5) & = 9.61 (s, 1H, CHO), 7.39=7.10 (m, 5H, Ar—H), 6.52 (br s, 1H, HNCO), 5.07—
4.90 (m, 1H, HNCO,), 4.71 (d, °J = 6.7 Hz, 1H, BnCH), 4.01-3.88 (m, 1H, i-PrCH), 3.15 (d, °J = 6.1 Hz, 2H,
PhCH,), 2.20-2.01 (m, 1H, (CHs),CH), 1.44 (s, 9H, (CHs)s), 1.00-0.70 (m, 6H, (CH3),CH).

13C NMR (75 MHz, CDCl3) & = 198.6 (s, 1C, HC=0), 172.0 (s, 1C, HNC=0), 155.9 (s, 1C, HNCO,), 135.6 (s, 1C,
Ar—C,), 129.4 (s, 2C, Ar—C), 129.0 (s, 2C, Ar—C), 127.4(s, 1C, Ar—C), 80.2 (s, 1C, MesC), 60.1 (s, 1C), 59.8 (s,
1C), 35.4 (s, 1C), 30.7 (s, 1C), 28.4 (s, 3C), 19.4 (s, 1C), 17.7 (s, 1C).

Diastereomeric excess was measured indirectly by reducing the freshly isolated aldehyde 4a to the
alcohol 5a (vide infra).

tert-Butyl ((S)-1-(((S)-1-hydroxy-3-phenylpropan-2-yl)amino)-3-methyl-1-oxobutan-2-yl)carbamate
(Sa)23

In a 5 mL glass vial 52 mg (0.15 mmol, 1.0 eq) 4a were dissolved in 1.5 mL MeOH abs, cooled to 0 °C (ice
bath) and NaBH, (27 mg, 0.17 mmol, 1.1 eq) was added in one portion under vigorous stirring. After full
conversion was indicated by TLC (20 min), 200 ulL acetone were added. The ice bath was removed and



the reaction mixture was stirred for 5 min. The solvents were removed under reduced pressure and the
solid residue partitioned between EtOAc (3.0 mL) and 1.0 mL NaHCO; (0.8 M in H,0). The organic layer
was concentrated and dried under reduced pressure. The product was purified via flash chromatography
(SiO,; cyclohexane/EtOAc = 1:1 (v/v)) to obtain the desired product as a white solid.

Yield: 43 mg (0,12 mmol, 80 %), white solid.

m.p. = 134-138 °C, lit. 145.0-146.0 °C.”
(@] 2 =-45.2° (c = 0.8, CHCly), lit. [a] &' =-49.4 (c = 1.0, MeOH).”
Rf=0.26 (cyclohexane/EtOAc= 1:1 (v/v); staining: KMnQ,).

'H NMR (300 MHz, CDCl5) & = 7.37-7.13 (m, 5H, Ar-H), 6.47 (d, °J = 5.6 Hz, 1H, HNCO), 5.04 (d, °J = 6.8 Hz,
1H, HNCO,), 4.19 (br s, 1H, BnCH), 3.90-3.79 (m, 1H, i-PrCH), 3.66 (dd, >/ = 11.1 Hz, 3.5 Hz, 1H, CHHOH),
3.57 (dd, *J = 11.0 Hz, 4.7 Hz, 1H, CHHOH), 2.96-2.79 (m, 2H, PhCH,), 2.68 (br s, 1H, OH), 2.17-2.01 (m,
1H, (CHs),CH), 1.44 (s, 9H, (CH;)3), 0.99-0.70 (m, 6H, (CH;),CH).

3C NMR (75 MHz, CDCl;) 6 = 172.0 (s, 1C, HNC=0), 156.2 (s, 1C, HNCO,), 137.8 (s, 1C, Ar— C,), 129.3 (s,
2C, Ar— C), 128.7 (s, 2C, Ar— C), 126.7 (s, 1C, Ar— C), 80.4 (s, 1C, MesC), 63.7 (s, 1C), 60.7 (s, 1C), 53.0 (s,
1C), 37.1 (s, 1C), 30.6 (s, 1C), 28.4 (s, 3C), 19.4 (s, 1C), 17.8 (s, 1C).

HPLC-ESI-MS: tg(5a) = 10.66 min, 89.46%; tx(5b) = 11.25 min, 10.54%; de = 78.92%; calc. [M+Na]" = 373.2,
[M+K]" = 389.2, found [M+Na]" = 372.9, [M+K]" = 388.9.

HRMS (MALDI-TOF): Calcd. for CyoH3oN,04Na [M+Na]*: 373.2103; found: 373.2108.

tert-Butyl ((S)-3-methyl-1-oxo-1-(((R)-1-oxo-3-phenylpropan-2-yl)amino)butan-2-yl)carbamate (4b)

4b

A 10 mL Schlenk flask, equipped with a glass stopper and a magnetic stirring bar was heated, dried under
vacuum and purged with N,. 31 mg (0.08 mmol, 1.0 eq) 7b were dissolved in 2.8 mL abs.
dichloromethane, and the solution was cooled to 0 °C (ice bath). 13 mg (0.08 mmol, 1.0 eq) HOBt x H,0
were added, immediately by 16 mg (0.10 mmol, 1.1 eq) 1,1'-carbonyldiimidazole (CDI). A gas bubbler
was mounted instead of the glass stopper to maintain pressure relief. After stirring for 60 min, the vessel
the gas bubbler was replaced with a septum while maintaining a gentle counter flow of N,. The
heterogeneous reaction mixture was cooled to -78 °C (CO,/acetone bath) for 15 min. Subsequently, 378



pL (0.38 mmol, 4.5 eq) DIBAL-H solution (1.0 M in toluene) were added dropwise with a syringe through
the septum at a rate of 2.0 mL/h. Reaction mixture was stirred at -78 °C until TLC indicated quantitative
conversion (150 min). The reaction mixture was quenched by addition of 5.6 mL EtOAc. The acetone bath
was removed, the gas bubbler was mounted, and 2.8 mL of 25% aqueous tartaric acid solution were
added to the mixture under vigorous stirring. The mixture was warmed up by immersing the vessel into a
water bath at RT and stirred vigorously for 15 min. The stirring was stopped and the layers were
separated. The aqueous phase was extracted with EtOAc (1 x 2.8 mL) and the combined organic extracts
were washed with 1 M HCI (1 x 2.8 mL), 0.8 M NaHCO;3 (1 x 2.8 mL) and brine (1 x 2.8 mL), dried over
Na,S0,, concentrated under reduced pressure and dried in vacuo.

Yield: 27 mg (78 umol, 93 %), white solid.
[a] 2> =-3.0° (c = 0.69, CHCl5).
Rf=0.32 (cyclohexane/EtOAc = 1:1 (v/v); staining: KMnO4).

'H NMR (300 MHz, CDCl;) & = 9.61 (s, 1H, CHO), 7.38-7.09 (m, 5H, Ar—H), 6.49 (br s, 1H, HNCO), 5.04—
4.89 (m, 1H, HNCO,), 4.74 (dd, *J = 13.4 Hz, 6.6 Hz, 1H, BnCH), 4.04-3.88 (m, 1H, i-PrCH), 3.13 (d, >/ = 6.7
Hz, 2H, PhCH,), 2.19-2.00 (m, 1H, (CHs),CH), 1.43 (s, 9H, (CHs)s), 0.95-0.76 (m, 6H, (CH3),CH).

13C NMR (75 MHz, CDCl; based on HSQC) & = 198.8 (s, 1C, HC=0), 172.0 (s, 1C, HNC=0), 156.0 (s, 1C,
HNCO,), 135.6 (s, 1C, Ar— Cg), 129.4 (s, 2C, Ar—C), 129.0 (s, 2C, Ar—C), 127.4(s, 1C, Ar—C), 80.2 (s, 1C,
Me;C), 60.0 (s, 1C), 59.7 (s, 1C), 35.3 (s, 1C), 30.7 (s, 1C), 28.4 (s, 3C), 19.4 (s, 1C), 17.6 (s, 1C).

Diastereomeric excess was measured indirectly by reducing the freshly isolated aldehyde 4b to the
alcohol 5b (vide infra).

tert-Butyl ((S)-1-(((R)-1-hydroxy-3-phenylpropan-2-yl)Jamino)-3-methyl-1-oxobutan-2-yl)carbamate

(5b)23
e

XOEH%”/\

PN OH

5b

In a 5 mL glass vial 27 mg (78 umol, 1.0 eq) 4b were dissolved in 0.78 mL MeOH abs, cooled to 0 °C (ice
bath) and NaBH, (14 mg, 86 umol, 1.1 eq) was added in one portion under vigorous stirring. After full
conversion was indicated by TLC (20 min), 200 pL acetone were added. The ice bath was removed and
the reaction mixture was stirred for 5 min. The solvents were removed under reduced pressure and the



solid residue partitioned between EtOAc (3.0 mL) and 1.0 mL NaHCO; (0.8 M in H,0). The organic layer
was concentrated and dried under reduced pressure. The product was purified via flash chromatography
(SiO,; cyclohexane/EtOAc = 1:1 (v/v)) to obtain the desired product as a white solid.

Yield: 17 mg (49 umol, 62 %), white solid.

m.p. = 125-127 °C, lit. 131-132 °C.”?

[@] 5 = +1.2° (c = 0.8, CHCl,).

Rf=0.28 (cyclohexane/EtOAc= 1:1 (v/v); staining: KMnOy).

'H NMR (300 MHz, CDCl5) & = 7.34-7.12 (m, 5H, Ar—H), 6.36 (d, >/ = 7.7 Hz, 1H, HNCO), 5.21 (d, >/ = 7.9 Hz,
1H, HNCO,), 4.25 (br s, 1H, BnCH), 3.81-3.62 (m, 2H, i-PrCH and CHHOH), 3.54 (dd, >/ = 11.2 Hz, 4.9 Hz,
1H, CHHOH), 2.97-2.74 (m, 2H, PhCH,), 2.02—1.81 (m, 1H, (CHs),CH), 1.43 (s, 9H, (CH,)3), 0.87-0.71 (m,
6H, (CH;),CH).

3C NMR (75 MHz, CDCl3) & = 172.3 (s, 1C, HNC=0), 156.4 (s, 1C, HNCO,), 137.8 (s, 1C, Ar- C), 129.3 (s,
2C, Ar—C), 128.7 (s, 2C, Ar— C), 126.7 (s, 1C, Ar- C), 80.3 (s, 1C, MesC), 64.0 (s, 1C), 60.9 (s, 1C), 52.9 (s,
1C), 37.2 (s, 1C), 30.8 (s, 1C), 28.5 (s, 3C), 19.2 (s, 1C), 18.1 (s, 1C).

HPLC-ESI-MS: tg(5a) = 10.43 min, 5.34%; tz(5b) = 10.98 min, 94.66%; de = 89.32%; calc. [M+Na]" = 373.2,
[M+K]" = 389.2, found [M+Na]" = 372.9, [M+K]* = 388.9.



'H- and C- NMR spectra and GC-FID chromatograms (enantiopure and racemic) of tert-butyl (S)-(3-

methyl-1-oxobutan-2-yl)carbamate (3a)

2.27
—1.44
1.03
1.01
0.95
0.92

/
o

5.08
4.23

9.63

NH
/\
c CHz

o
H,L%/ \) e -
HaC W
CH, o _A
Hs

|
A .
) 3 3 g ER
=] =] = - o oo
T T T T T T T T T T T
4 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5

105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)

200.50
155.97
80.08
64.80
_~29.21
™-28.41
—~19.18
~17.71

(o]
H3>/ W NH\)
HaC
PN

CH; O
HsC CHz

T T T T
110 100 90 80 70 60
f1 (ppm)

T T T T T T T T
140 130 120

210 200 1% 180 170 160 150



Data File D:
Sample Nams: JI-

NGO INWDATAN JAKOVY 1507221507228 2015-07-22 17-47-100\JI-446.D

B,
B,
Injection Date

Operator

Acg. Method

Last changed

Analysis Method :

Last changed

Bdditional

Instrument :

Info :

[¥7]

fi=]

Location :

T

Volume

i

ine : 1
n P1-D-01
Inj = 1

D VECNINDATRN JRKOVA15072281507228 2015-07-22 17-47-10%AMAL, GCPFAL.M

22.05.2015 15:01:11 by jkv

20,08.2015 19:14:48 by jkv
(modified after loading)
Peak(s) manually integrated

D WGCY INDATAN JRKOVAMETHOIN INT . M

ph

400

FID1 A, [JAKOVUIEDTZNN 507228 20150722 17-47-1001<4H46.0)

S476

TE

¥ —
=1
il

Area Percent Report

_____ By
Multiplier
Dilution

Use Multiplier

Signal 1: FID1

Peak RetTime Type

ki [min]

Signal
1.0000
1.0000

& Dilution Factor with ISTDs

n
=

0.0431



Data File D:\GC\1\DATRNJRAROV\150729%%150723& 2015-07-29 18-55-17\JI-455.D

Sample Names: JI-455

Lcg. Operator Jkv Seg. Line : 1
Leg. Instrument @ GC Pal Location : P1-D-01
Injecticn Date 2%.07.2015 18:56:31 Inj : 1
Inj Volume : External
Rcg. Method : D:WGCAINDATRNJAROVA150729%1507234 2015-07-29 18-55-1T7\AMAL GCPAL.M
Last changsd : 2%.07.2015 18:50:33 by jkv

Znalysis Method : D:\GC\1\DATZ\JAROV\METHOD\INT.M
Last changed : 20.08.2015 19%:12:44 by jkv

(modified after loading)

FID1 A, (JAKOWVV150729\150723A 2015-07-29 18-65-17WJI-455.D)
pA ]
350
300
i o
(=2 Y]
b 2 =
- @ o
250
200
] o
150 o
7 T T T
7 > 8 9 10 11
100
m —
E 18 ' A om
{] —
— 77— T T T T T T T T T T T
5 10 15 20 25 min
Arsa Pesrcent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilutieon Factor with ISTDs

Signal 1: FIDl R,

Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] [pR*s] [pa] %
=== |==== === | === | =====mm= | ========
1 8.990 BV 0.0381 302.55770 131.510354 45.91814
2 9.151 VB 0.0368 303.55135 130.36398 50.0218¢

Totals : 606.50906 261.87453



'H- and **C- NMR spectra of tert-butyl (S)-(1-oxopropan-2-yl)carbamate (3b)
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'H- and C- NMR spectra and GC-FID chromatograms (enantiopure and racemic) of tert-butyl (S)-(1-
oxo-3-phenylpropan-2-yl)carbamate (3c)
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Data File D:\GC\1\DATR\JAROV\150721%150721F 2015-07-21 17-13-32\JI-442.D

Sample Names: JI-442

Bcg. Operator : Jkw Seq. Line : 2
Leg. Instrument @ GC Pal Location : P1-B-02
Injecticon Date : 21.07.2015 18:08:56& Inj : 1
Inj Volume : External
Zcg. Method : D:AGCAINDATANJAROVA150721\150721F 2015-07-21 17-13-32\AMAL GCPAL PHE_4.M
Last changsd : 21.07.2015 16:05:38 by Jjkv
Znalysis Msthod : D:\GC\1\DATZ\JAROV\METHOD\INT.M
Last changsd : 20.08.2015 19%:35:49 by jkv
(modified after loading)
FID1 A, (JAKOWVWS0721\50721F 2015-07-21 17-13-3201-442.D)
pA ]
1254 &
1 ==}
1 o©
307
275
25
] =
] ©
2254 o
] > )
] =
204 & \
175 |
15 ! ’ ' ‘ ' HE
] 39 36 38 40 42 qu,.
1 @
En A A J—
125 '
w—
10 20 30 40 min
Arsa Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 &,
Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] [pR*s] [pA] %



Data File D:\GCM\I\DATAEMNJAFOVY15072Z1%1507Z1F 2015-07-21 17-13-32\JI-444-RACPHE DOUBLE.D

Sample Name: JI-444-racPhe double

Bcg. Operator : Jkv Seg. Line : 1
Leg. Instrument @ GC Pal Location : P1-B-01
Injection Date : 21.07.2015 17:15:01 Inj : 1
Inj Volume : External
Bcg. Method : D:WGCAINDATANJAROVA1507Z1N\150721F 2015-07-21 17-13-32\AMAL GCPAL PHE_4.M
Last changed : 21.07.2015 16:05:38 by Jjkv

Znalysis Mesthod : D:\GC\1\DATZ\JAROV\METHOD\INT.M
Last changsd : 20.08.2015 19:25:06 by jkv
(modified after loading)
FID1 A, (JAKOW507214150721F 2015-07-21 17-13-32\J1-444-RACPHE DOUBLE.D)

24

38.266
39.472

=38.472

36 38 a0 az

]
1
]
1
|

10 20 30 40 miry

Arsa Percsnt Resport

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: FIDl &,

Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] [pR*s] [pR] %
Il e [===mmmm [ ======——= [=====—=
1 38.266 BV 0.3541 78.5985¢6 2.64965 50.74378
2 35.472 VB 0.3843 76.29445 2.39575 49.25622

Totals : 154.85301 5.04540



'H- and **C- NMR spectra of tert-butyl (S)-2-formylpyrrolidine-1-carboxylate (3d)
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'H- and **C- NMR spectra, and chiral HPLC chromatograms (enantiopure and racemic) of benzyl (S)-(1-
hydroxy-3-phenylpropan-2-yl)carbamate (8d)
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Data File D:\CHEMSTATION‘\HPLC LINES\DATA\JAKOVY\150919A 2015-09-19 17-53-09\JI-4B4-B.D
Sample Name: JI-4B4-B

Rcg. Operator : jakov S5eqg. Line : 5
Acg. Instrument : HPLC links Location : Vial 52
Injection Date : 19.09.2015 21:26:48 Inj : 1
Inj Volume : 3.0 pul
Different Inj Volume from Sequence ! Actual Inj Volume : 2.0 nl
Rcg. Method : D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\15091SA 2015-09-18 17-53-09\ADH
HEPTIPRCH S0_10.M
Last changed : 19.09.2015 17:41:23 by jakov
Analysis Method : D:\CHEMSTATION\HPLC LINKS\METHODS\JAKOV\INT.M
Last changed : 20.09.2015 13:14:06 by jakov
(modified after loading)
MWD A, Sig=2104 Ref=off, TT (JAKOV\1509194 2015-09-19 17-53-09\JI-484-B.D}
mAL ]
175 ] S
E =
1503 T
125 - [
] (3] |
] -
1003 § \ I‘
75 ‘| I
] \
50 || J |
25 | '|, , JN
G_E P ._ul_ — — — S — —_— — —
257
-50 3 T T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 mir|
Area Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Diluticn: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: MWDl A, Sig=210,4 Ref=off, TT
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*5] [mAU] %

1 8.424 VBA 0.3625 2495.16821 97.51218 100.0000

Totals : 2495.16821 57.51218



Data File D:\CHEMSTATION‘\HPLC LINKES\DATA\JAKOV4150919A 2015-09-19 17-53-09\JI-480-B.D
Sample Name: JI-4B0-B

Acg. Operator : jakov S5eqg. Line : 8
Acg. Instrument : HPLC links Location : Vial 42
Injection Date : 20.09.2015 00:01:53 Inj : 1
Inj Volume : 3.0 nl
Different Inj Volume from Sequence ! Actual Inj Volume : 2.0 ul
Acg. Method : D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\150G1SA 2015-09-15 17-53-09\ADH
HEPTIPROH 90 10.M
Last changed : 19.09.2015 17:41:23 by jakov
Analysis Method : D:\CHEMSTATION\HPLC LINKS\METHODS\JAKOV\INT.M
Last changed : 20.09.2015 13:02:47 by jakov

(modified after loading)

MWD1 A, Sig=2104 Ref=off, TT (JAKOW\1509194A 2015-09-19 17-53-0%\J1-480-B.D)
mAU ]
] [8p]
1204 - o
b N ™
100 ~
] A
3 I OP
80 || I|I
1 [
60 o 1
] ™ % I' | I'.
40 W I |k \
] f [\
] | |
20 | I —r _—
[]_:_ R .l 311 5 ————— e e ]
20
-404
T T T T T T T T T T T T T T T T T T T T T T T T
o] 10 20 30 40 min
Area Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: MWDl A, Sig=210,4 Ref=off, TT
Peak RetTims Type Width LArea Height Lrea
# [min] [min] [mAU*s] [mau] %

1 7.213 BEA 0.2889 749.21967 38.85792 50.0228
2 8.439 BBA 0.3490 7T748.53644 32.46803 49.9772

Totals : 1497.75610 71.32589%5



'H- and **C- NMR spectra and chiral GC-FID chromatograms (enantiopure and racemic) of tert-butyl (S)-
(4-(methylthio)-1-oxobutan-2-yl)carbamate (3e)
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Data File D:\GC\L\DATR\JRAROV\150723%1507232 2015-07-23 12-17-54\JI-449.D
Sample Names: JI-44%

Rcqg. Operator : jkv Seg. Line : 2
Zcg. Instrument : GC Pal Location : P1-C-04
Injection Date : 23.07.2015 12:5%:09 Inj : 1
Inj Volums : External
Zeg. Method : D:\GC\1\DATA\JAROV\150723\1507238 2015-07-23 12-17-54\RMAL GCEAL.
Last changed : 22.05.2015 15:01:11 by jkv

Znalysis Method : D:\GC\1\DATR\JRAROV\METHOD\INT.M
Last changed : 20.09.2015 14:54:05% by jkv
(modified after loading)

2dditional Info : Peak(s) manually integrated

FID1 A, (JAKOW1507230150723A 2015-07-23 12-17-54\J1-449.D)
pA’]
1 @
4 w
1 -
500 T
400+ @
g )
] il
3004
2004
100 =
T I
1 12 14
1 S | .
o4
-1 - - - - I - - - 1 - - - 1 - - - T I T
5 10 15 20 25
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs=

Signal 1: FIDL R,

Peak RetTims Type Width Lrea Height Lrea
4 [min] [min] [pR*s] =19 %

1 14.15% BBR 0.070% 1485.10144 315.67136 1.000=2

Totals : 1455.10144 315.67136



Data File D:\GC\1\DATZ
JI-422-CRD

Sample Name:

NJARCVALIS0915\150915C 2015-09-

15 17-09%-59%\JI-482-CRD.D

Acg. Operator H

Zcg. Instrumsnt :

Injsction Date :

Method :

Last changed :

Zog.

Enalysis Method :

Last changed :

jkv
=2 Pal

15.09.2015 17:11:11

D: \GCA\1I\DATA\JAROVY150915%150915C

29.07.2015 18:50:32 by jkv

D: \GCA\1I\DATANJAROV\METHODYINT.

20.09.2015 14:42:58 by jkv

(modified after loading)

Seg. Lins
Location
Inj

Inj Volume

M

1
P1-E-04
1

External

2015-0%-15 17-09-59\AMAL_GCPFAL.M

FIDT A, [JAKOWVAT509151150915C 2015-09-15 17-09-59J1-482-CRD.D)
pA ]
T (=2
4 -
45 =
] o
4 w
] =
40 =
35
30
b L]
i 0
25
20 n mm“m__/l__ o)
7 T |
15 n 14 15
i I =
10
T L s e e LS s e e e e o L B ps e p
5 10 15 20 25 mir|
Area Percent Report
Sorted By Fignal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal l: FIDl &,
Peak RetTime Type Width LArea Height Lrea
¥ [mimn] [min ph*s] [Pk &
e Rt ———m | | -——— - | —=mmmm | -
1 14.17% BB 0.0486 37.50543 12.23780 53.56450
2 14.352 BBR 0.0501 32.51377 10.1€623 46.43550
Totals 70.015%20 22.40403



'H- and **C- NMR spectra, GC-FID chromatogram (enantiopure) and GCMS spectrum of tert-butyl
((2S,3S)-3-methyl-1-oxopentan-2-yl)carbamate (3f)
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Data File D:\GC\1\DATA\WJAROV\150729%1507298 2015-07-29% 23-07-31\JI-453-CRD.D

Sample Name: JI-4533-crd

Rcg. Operator
Acg. Instrument

Injection Date

Leog. Method
Last changsd
Enalysis Method

Last changsd

Bdditional Info

Jkw Seq. Line : 1
GC Pal Location Pl-D-04
29.07.2015 23:09:02 Inj : 1

Inj Volume External

D:\GC\I\DATANJAROVY150728\15072%8 2015-07-29% 23-07-31\AMAL

25.07.2015 18:50:323 by jkv
D:ZGCY1\DATANJAROV\METHOD\INT .M
20.08.2015 19:21:48 by jkv
(modified after loading)

Peak(s) manually integrated

AL.M

FID1 A, (JAKOVV150T290150729B 2015-07-29 23-07-31\WI1-453-CRD.D)
pA ]
4 =
500 — =
1 2
J S
400+ =
300
200
] @
4 @
’ g A
100 T I|= E T T
- a 10 11 12
< =
i g
] a L
Y
04
L e s 0 NS A T '
25 5 7.5 10 12.5 15 17.5 20 225 miny

Arsa Percent Report

Zorted By
Multiplier

Dilution

3ignal
1.0000
1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FID1 &,

Peak RetTims Typs

¥ [min]

1 9.999 BV
2 10.101 VB

Width Lrea Height Lrea
[min] [ph*=] [pR] %
————— |===——mm e |
0.0324 4.08141 2.08409 0.45230
0.0387 898.28186 3259.77570 99%.54770



JI1-453

Method: JI_M300_S 29.07.2015

Chromatogram:
Alurclance
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'H-, *c- and HSQC NMR spectra, GC-FID chromatogram and GCMS spectra of mixture of epimers: tert-
butyl ((2S,3S)-3-methyl-1-oxopentan-2-yl)carbamate ((2S,3S)-3f) and tert-butyl ((2R,3S)-3-methyl-1-
oxopentan-2-yl)carbamate ((2R,3S)-3f)
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Data File D:\GCW1\DATR“WJARFOVY150810\150810& Z2015-08-10

Sample Name:

JI-453-B-

45h

13-57-25\JI-453-B-43H.D

Log. Operator
Acg. Instrument

Injecticn Date

Leg. Method
Last changsd
Analysis Method
Last changed

Jkv Seg. Line : 1
G0 Pal Location Pl-D-0&
10.08.2015 14:01:32 Inj : 1

Inj Volume External

D:N\GCA1I\DATA\JAROVA150810\150810& 2015-08-10 13-57-25%AMAL GCPAL.M

25.07.2015 18:50:33 by jkv
D:\GC\1\DATA\JARCV\METHOD\INT .M
13.08.2015 14:12:57 by jkv
(modified after loading)

180

160

140

120

100

FID1 A, (JAKOWI150810050810A 2015-08-10 13-57-2501-453-B45H.D)

10.128

10007

0.129

4

10.007

20 25

miry

Area Percent Report

Jorted By
Multiplier

Dilution

Signal
1.0000

1.0000

Use Multiplier & Dilution Factor with ISTDs

S8igmnal 1: FID1 &,

Peak RetTime Typs

# [min]

1 10.007 BB
2 10.129% BB

Lrea

[pR*s] [p2]

0.0323 93.81950 48.11873 31.
28065 96.49541 &8.

0.0342 203.

297.10015 144.¢€1414

57841
42159



JI1-453-B-45h
Method: JI_M300_S

10.08.2015

Chromatogram:
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'H- and **C- NMR spectra of methyl (S)-3-((tert-butoxycarbonyl)amino)-4-oxobutanoate (3g)
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'H-, ®C- NMR and HSQC spectra, and GC-FID chromatograms (enantiopure and racemic) of benzyl (S)-
(4-methyl-1-oxopentan-2-yl)carbamate (3h)
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Data File D:\GCY1\DATZWJRAROV\150807\1508074

Sample Name: JI-462

2015-08-07 15-15%-46\JI-46Z.D

Lcg. Operator

Zcg. Instrument
Injecticon Date
Leog. Method
Last changsd
Enalysis Method

Last changesd

Jkv Line
GC Pal
07.08.2015 15:55:37

Seq.
Location
Inj

Inj Volume

D:\GCN1I\DATANJAROVY 1508074150807 2015-08-07 15-19-46\AMAT,

29.07.2015 18:50:33 by jkv
D:\GCA\1\DATA\JAFOV\METHOD\INT .M
2Z0.08.2015 19:08:53 by jkv
{modified after loading)

Pl-D-02
1

External

35

25

FID1 A, (JAKOW150807150807A 2015-08-07 15-19-46W1-462.D)

24.461

24.461

miny

Aresa Percent Report

Sorted By
Multiplier
Diluticn

Use Multiplier

S8ignal 1: FID1 R

Peak RetTimes Typs

¥ [min]

& Dilution Factor

Signal
1.0000
l1.0000
with ISTDs

Width Lrea Height Lrea
[min] [pRA*s] [pA] %
e e e [===mmm | === [====——=
0.2053 3B88.2764¢ 29.09629% 95.32977
0.15%0 2.61991 2.34725e-1 0.67023
390.85637 25.33102



Data File D:\GCA1\DATA\JRFOV\150807%150807A 2015-08-07 15-19-46\JI-463-RAC.D

Sample Name: JI-4&63-rac

Rcg. Operator : Jkw Seq. Line : 1
Leg. Instrument @ GC Pal Location : P1-D-01
Injecticn Date : 07.08.2013% 15:21:15 Inj : 1
Inj Volume : External
Zicg. Method : D:\GCAI\DATA\JAROVA150807\150807a 2015-08-07 15-19-46\RMAL GCPAL.M
Last changsd : 29.07.2015 18:50:33 by jkv

Enalysis Method : D:\GC\1\DATA\JAROV\METHCOD\INT.M
Last changed : Z0.08.2015 1%:03:50 by jkv

(modified after loading)

FID1 A, (JAKOWVY150807\15080TA 2015-08-07 15-19-461J1-463-RAC.D)
pA]
254
i i s
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Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Diluticn : 1.0000
Use Multiplier & Dilution Factor with ISTDs
S8igmnal 1: FID1 &,
Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [pa*s] [p2] %
=== |====]=====-- === | ====——=——- | ========
1 24.512 BB 0.1715 34.824594 2.83855 45.98275
2 25.033 BB 0.2071 34.84898 2.60788 50.01725
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'H- and **C- NMR spectra benzyl (S)-(1-oxo-3-phenylpropan-2-yl)carbamate (3i)
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'H- and **C- NMR spectra, and chiral HPLC chromatograms (enantiopure and racemic) of benzyl (S)-(1-
hydroxy-3-phenylpropan-2-yl)carbamate (8i)
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Data File D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\150808A 2015-08-08 21-16-11.JI-464-B 2.D
Sample Name: JI-464-B 2

Ahcg. Operator : jakov Seqg. Line : 4
Acg. Instrument : HPLC links Location : Vial 22
Injection Date : 08.08.2015 23:31:25 Inj : 1
Inj Volume : 3.0 pl
Different Inj Volume from Sequence ! Actual Inj Volume : 30.0 pl
Acg. Method : D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\150B0BA 2015-08-08 21-16—11\LDH_
HEPTPROH_50 10.M
Last changed : 08.08.2015 22:03:38 by jakow
Analysis Method : D:\CHEMSTATION\HPLC LINKS\METHODS\JAKOV)\INT.M
Last changed : 09.08.2015 11:56:06 by jakow

(modified after loading)

MWD1 C, Sig=254. 4 Ref=off, TT (JAKCOWV\150808A 2015-08-08 21-16-11\WJ1-464-B 2.D)
mAU ]
20
15-] 2
] o
] =
] f
10 i
] h
] |
] lﬂ
54 ||
4 ||I ‘r!
J I h =)
] | =~
0 n - - ST A— \—\""11"27— _ —_— ———
s~
10 20 a0 40 mir
BArea Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl C, Sig=254,4 Ref=off, TT

Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] [mAT* 5] [mATT] %
e == -=m- - | -=mmm oo R |-------- |
1 17.238 BB 0.8B070 668.83026 11.73473 98.6409
2 21.012 BBA 0.4980 9.21526 2.21237e-1 1.3581
Totals : 678.04552 11.95587

*** End of Report **=*



Data File D:\CHEMSTA..

Sample Name: JI-464-A

Lcg. Operator
Acg. Instrument
Injection Date

.PLC LINKS\DATA\JAKOV%1S50808A 2015-08-08 21-16-11%\JI-464-A RACEMIC.D
rac

jakow Seq. Line : 6
HPLC links Location : Vial 21
09.08.2015 01:13:586 Inj : 1

Inj Volume : 3.0 nl

Different Inj Veolume from Sequence ! Actual Inj Volume : 30.0 pl

Acg. Methed

Last changed
Mnalysis Method
Last changed

D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV'\150808A 2015-08-08 21-16-11\ADH
HEPTPROH 50 _10.M

08.08.2015 22:03:38 by jakov

D: \CHEMSTATION\HPLC LINKS\METHODS\JAKOVYINT.M
09.08.2015 12:04:07 by jakov

(modified after loading)

MWD1 C, Sig=254 4 Ref=off, TT (JAKOV\150808A 2015-08-08 21-16-11\JI1-464-A RACEMIC.D)
mAU
17.5
15
125
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] @
75 R @
4 - C!
: fl 9
5] i P
] | \ I| |
] | I| [
25 \ [
] [\ f \\H
4 ]
04 Y e __n'l_ -\k-“-r'-"I —_— ~ .
T T T T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 mir
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl C,

Peak RetTime Type
# [min]
1 17.2B1 BB
2 22.038 VVA+

Totals

Sig=254,4 Ref=off, TT

Width Lrea Height Lrea
[min] [mRU*s] [ma] %
——————— e Rt Bl
0.7845 332.86594 6.08177 E50.0B35
1.1351 331.67657 4.87000 49.9105

664.,542E51 10.85177

**%* End of Report *#*



'H- and **C- NMR spectra of benzyl (S)-(1-oxopropan-2-yl)carbamate (3j)
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'H-, *C- and HSQC NMR spectra, and chiral HPLC chromatograms (enantiopure and racemic) of benzyl

(S)-(1-hydroxy-3-phenylpropan-2-yl)carbamate (8j)
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Data File D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\15091%A 2015-0%-19 17-53-08\JI-485-B.D

Sample Name: JI-485-B

Leg. Operator : jakov

Seg. Line [
Reg. Instrument : HPLC links Location Vial 53
Injection Date 19.09.2015 22:18:35 Inj 1
Inj Volume 3.0 nl
Different Inj Volume from Sequence ! Actual Inj Veolume 2.0 ul

Rheg. Method
HEPTIPROH 90 10.M
19.09.2015 17:41:23 by jakov
Ihnalysis Method : D:\CHEMSTATION\HPLC LINKS\METHODS\ JAKOVYINT.M
Last changed 20.09.2015 13:15:50 by jakov

(modified after loading)

Last changed

D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\150919A 2015-09-19 17-53-09\ADH

MWD1 A, Sig=210,4 Ref=off, TT (JAKOWV\150919A 2015-09-19 17-53-00\J1-485-B.D)
- ~
~
mAU 1 o~
] o
i -—
200+ W
] + H
] 5 |
] o~ |
150} S I
4 1 | |
] I |
] | |
1004 || | I
] |
] |H [
50} | \ |‘ \
<4 I| |
1 | "\ - BT &1,— — B
! —
[ S — —
-50 —F—— 77 -
0 10 20 30 40 miny
LArea Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl A, Sig=210,4 Ref=off, TT

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAl] %

1 12.274 VBA 0.5836 5630.50195 144.1%8669 100.0000

Totals : 5630.50195 144.19669



Data File D:\CHEMSTATIONWHPLC LINKS\DATA\JAKOV\150919A 2015-09-19% 17-53-09\JI-4B1-B.D
Sample Name: JI-481-B

hcg. Operator : jakov Seqg. Line : 9
Acg. Instrument : HPLC links Location : Vial 43
Injection Date : 20.09.2015 00:53:34 Inj : 1
Inj Volume : 3.0 ul
Different Inj Volume from Seguence ! Actual Inj Volume : 2.0 ul
Acg. Method : D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\15091%A 2015-09-19 17-53-09\ADH
HEPTIPROH 90 _10.M
Last changed : 19.09.2015 17:41:23 by jakov
Rnalysis Method : D:\CHEMSTATICN\HPLC LINKS\METHODS\JAKOV\INT.M
Last changed : 20.09.2015 13:04:33 by jakov

(modified after loading)

MWD1 A, Sig=210,4 Ref=off, TT (JAKCWV\150919A 2015-09-19 17-53-09\JI-481-B.D)
mAU
] (o)}
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100 =] - [ {\
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] II \\ f '\\
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Area Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: MWDl A, Sig=210,4 Ref=off, TT
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAUT*s] [mAU] %

1 12.309 EBBA 0.5722 2560.35425 64.91381 51.7055
2 15.801 BBA 0.7103 2391.44458 45.26488 48.2945

Totals : 4951.79883 114.17870



'H- and **C- NMR spectra of (9H-fluoren-9-yl)methyl (S)-2-formylpyrrolidine-1-carboxylate (3k)
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'H-, *C- and HSQC NMR spectra, and chiral HPLC chromatograms (enantiopure and racemic) of benzyl

(S)-(1-hydroxy-3-phenylpropan-2-yl)carbamate (8k)
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Data File D:\CHEMSTATIONA\HPLC LINES\DATA\JAKOV41509194 2015-09-19% 17-53-09\JI-483-B.D
Sample Name: JI-483-B

Acg. Operator ¢ jakow Seqg. Line : 4
Acg. Instrument : HPLC links Location : Vial 51
Injection Date : 19.09.2015 20:35:01 Inj : 1
Inj Velume : 3.0 ul
Different Inj Volume from Sequence ! Actual Inj Volume : 2.0 ul
Acg. Method : D:\CHEMSTATICN\HPLC LINKS\DATA\JAKOVY1500616A 2015-09-19 17-53-09\ADH
HEPTIPROH 90 10.M
Last changed : 19.09.2015 17:41:23 by jakov
Analysis Method : D:%CHEMSTATION\HPLC LINKS\METHODS\JAKOV4INT.M
Last changed : 20.09.2015 13:08:19 by jakov

(modified after loading)
MWD1 A, Sig=210 4 Ref=off, TT (JAKOVI1509194 2015-08-19 17-53-05\J1-483-B.0)

—=20.453

i
=
o

| IR I I W A

=20.453

%)
=]
o
' T

miry

Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl A, Sig=210,4 Ref=off, TT

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s5] [mAU] %

1l 20.453 EEA 1.0226 1.9529324 279.68515 100.0000

Totals : 1.55293e4 279.68515



Data File D:\CHEMSTATION\HPLC LINES\DATA\JAKOV,150919A 2015-09-19% 17-53-09\JI-47%-E.D

Sample Name: JI-479-B

Rcg. Operator jakowv Seqg. Line
Acg. Instrument HPLC links Location
Injection Date 19.09.2015 23:10:13 Inj

Inj Volume

Different Inj Volume from Sequence ! Actual Inj Volume
Acg. Method
HEPTIPEOH 50 10.M

Last changed 19.09.2015 17:41:23 by jakov
Analysis Method
Last changed 20.09.2015 12:59:48 by jakov

(modified after loading)

Vial 41

1
3.0 pl
2.0 pl

D:\CHEMSTATICN\HPLC LINKS\METHODS\JAKOV\INT.M

D:\CHEMSTATION\HPLC LINKS\DATA\JAKOV\150919A 2015-08-19% 17-53-09\ADH

MWD1 A, Sig=210,4 Ref=off, TT (JAKOV150919A 2015-09-19 17-53-09\JI-479-B.D)
mAU

350

300

250

200

150

100

50

= 20.486

40 mir

Sorted By Signal
Multiplier: : 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl A, S5ig=210,4 Ref=off, TT

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [marr] %

e ol P It Etaten |
1 20.48& BBA 0.9361 1.10681=4 173.52591 53.0224
2 24.301 BBA 1.1027 9806.33456 132.61919 46.9776

Totals 2.08745=24 306.14510



'H- and **C- NMR spectra of (9H-Fluoren-9-yl)methyl benzyl (6-oxohexane-1,5-diyl)(S)-dicarbamate (3I)
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'H- and 3C- NMR spectra and GC-FID chromatograms (scalemic and racemic) of tert-butyl (S)-(2-oxo-1-
phenylethyl)carbamate (3m)

© cwot o ~ - @

o SRannd N @ 2

o NR MR NN s Y 3
=

e s

— T

3 5 8 3

3 P 3 3 o
T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 6 55 50 45 40 35 30 25 20 15 1.0 05 00

f1 (ppm)

g S 5985 o o S

8 4 EEEE 3 3 <

g 9 n88y g 3 g

NN

210 200 190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10 0 -10
ppm



Data File D:A\GCYW1\DATA\JRFOVY150813%150813n 2015-08-13 11-38-49%\JI-473-B.D

Sample Name: JI-473-B

Lecg. Operator : jkw Seq. Line : 2
Leg. Inmstrumsent @ GC Pal Location : P1-A-0Z2
Injection Date : 13.08.2015 1Z:14:24 Inj : 1
Inj Volums : External
Leog. Method : D:\GCA\1\DATA\JAROVY150813\15081322a 2015-08-13 11-3B8-49\AMAL GCPAL.M
Last changsd : 29.07.2015 18:50:23 by jkv
Enalysis Msthod : D:\GC\1\DATA\JAROV\METHOD\INT.M
Last changsd : 13.08.2015 14:22:4% by jkv
(modified after loading)
FID1 A, (JAKOVI1508131150813A 2015-08-13 11-38-40W1-473-B.D)
pA’]
500 +
- o
-t
J =
400
: o
2
g 5
-+
300 g
1 12 13 1a 15 16
1 @
i 2
7 3
100 4 o
p =
o
4 | E
S R .m_________JHk
L B e e e I B e e L s e e e o e o L e e o
5 10 15 20 25 rminy
Ar=sa Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FIDl &,

Peak RetTime Type Width Lrea Height Lrea
t [min] [min] [pR*=] [pR] %

1 14.14% BB

7.43783 154.7318% 81.50501
2 14.570 BBR 1.26250

2250 13.1624% B8.49495

Totals : TZ25.40042 1e67.

0]
—
ey
(5]
(4]



Data File D:\GCMNLADATRNJRROVA1303Z7C\1503Z2Z7C

Sample Names: JI-37%-RefRAC

2015-03-29% 14-07-47\1AGFO0701.D

Lcg. Operator
Aog. Instrument

Injecticn Date

Lcg. Method
Last changsd
Znalysis Method
Last changed

Zdditional Info

Jkv Seq.
GC Pal
29.03.2015 17:35:52

Inj Volume
D:N\GCAINDATA\JAROVA150327CN150327C 2015-03-29 14-07-47\AMAL GCPFAL.M

25.03.2015 14:07:22 by jkv
D:\GC\1\DATA\JAROV\METHOD\INT .M
20.08.2015 18:56:09% by jkv
(modified after loading)

Peak(s) manually integrated

Location

T
pl-2-07
1

External

FIDT A, ([JAKOVA150327C\150327C 2015-03-20 14-07-4N1AGF0701.0)
pA ]
45 ¢
] = 3
4 -+ ok
40 =GN
35
307 , , K
4 12 14 16
25
4 [+9]
4 =
] &
20 =
15 . L
E m [T .
10
5]
L e N T
5 10 15 20 25 min

Arsa Percent Report

3orted By
Multiplier

Dilution

Signal
1.0000
1.0000

Use Multiplier & Dilution Factor with ISTDs

S8ignal 1: FID1 A,

Peak RetTime Type

¥ [min]

2 14.64¢ BBRL

Totals

Width Lrea Height Lrea
[min] [ph*=] [pa] %
————— il el et
0.0661 25.83864 6.21485 50.59744
0.065% 25.22845 09536 45.40256
51.0e708 12.31021



'H- and **C- NMR spectra of ethyl (tert-butoxycarbonyl)-L-valyl-L-phenylalaninate (6a)
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'H- and **C- NMR spectra of methyl (tert-butoxycarbonyl)-L-valyl-D-phenylalaninate (6b)
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'H- and **C- NMR spectra of (tert-butoxycarbonyl)-L-valyl-L-phenylalanine (7a)
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'H- and **C- NMR spectra of (tert-butoxycarbonyl)-L-valyl-D-phenylalanine (7b)
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'H- and '®C- NMR spectra of tert-butyl ((S)-3-methyl-1-oxo-1-(((S)-1-oxo-3-phenylpropan-2-
yl)Jamino)butan-2-yl)carbamate (4a)
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'H-, 3C- NMR spectra, mass spectrum and HPLC chromatogram of tert-butyl ((S)-1-(((S)-1-hydroxy-3-
phenylpropan-2-yl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (5a)
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Data File D:\DATANJAROVY150810& 2015-08-10 20-2Z5-02\JI-470-L REP.D

Sample Name: JI-470-R

Bcg. Operator : jkv Seqg. Line : 4
Reg. Instrument : Instrument 1 Location : Vial 22
Injection Date : 10.08.15 21:26:07 Inj : 1
Inj Volume : 2.0 nl
Different Inj Volume from Sequence ! BEctual Inj Volume : 5.0 ul
Zeg. Method : D:\DATA\JAROV\1508102& 2015-08-10 20-25-02\LONG_POROSHELL120_001lHCOOH
40PCI30OCRAT.M
Last changsd : 10.08.15 21:22:06 by Kathrin
Enalysis Msthod : D:\METHODS\JAROVY1.M
Last changed : 24.08.15 16:20:45 by christian
(modified after loading)
MWD1 A, Sig=210,16 Ref=400,60 (JAKOW150810A 2015-08-10 20-25-02\J1-470-A REP.D)
mALl ] B
300
200
1004 ‘
04— rA_AJ— — \ g
] | bk
| \\_\\\ ‘| 1
] - AWAN
100 \J . \
-200 <
1
1] 2 4 3] 8 10 12 14 16
Arsa Percent Rsport
Scrted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl A, Sig=210,16 Ref=400, &0

Feak RetTimes Typs Width Rrea Height Lrea
¥ [min] [min] [mAU*s] [mATT] %
=l e [===mmmm [====————= | ===
1 10.665 BB 0.1067 3335.37036 464.854384 B89.4637
2 11.25Z BB 0.1180 92.81415 49.78807 10.5363



'H-, Bc- and HSQC NMR spectra of tert-Butyl ((S)-3-methyl-1-oxo-1-(((R)-1-oxo-3-phenylpropan-2-
yl)amino)butan-2-yl)carbamate (4b)
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'H-, *C- NMR spectra, mass spectrum and HPLC chromatogram of tert-butyl ((S)-1-(((R)-1-hydroxy-3-
phenylpropan-2-yl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (5b)
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*M5D1 SPC, time=11.357 of DADATAWCHRISTIAMVIS0810A 2015-08-14 15-18-56\CLF-40-CRUDE.D  ES-API, Pos, Scan, Frag: 35,
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Data File D:\DATA\CHRISTIAN\CLF-40-F3-6.D

Sample Name: CLF-40-F3-6

Rcg. Operator : clf
Leg. Instrument @ Instrumsnt 1 Location : Vial €1
Injecticon Date : 20.08.15 15:19%:1¢
Inj Volume : 4.0 pl

Lcg. Method : D:\XETHCESKJHKC?\LONG_PORCSHELLIQD_GQlECOOH_éUPCISCCRﬁT.M
Last changsd : 20.08.15 15:18:35 by clf

({modified after loading)
Enalysis Method : D:\METHODS\JAROV\1.M
Last changed : 20.08.15 15:51:06 by christian

(modified after loading)

MWD1 A, Sig=210,16 Ref=400,60 (CHRISTIAN\CLF-40-F3-6.D)
mAU ] =
ﬂ:“&xn\nhﬁ
: e
50 ‘ |
] o H
] g | |
1 =]
-100 -
. L AN -
1504
200
250
-300]
350
s e ) IO A
4 6 8 10 12 14 16 mir|
Arsa Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWDl A, Sig=Z210,1% Ref=400, &0

Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [mAaU*s] [mA] B
- |- e [ === | === | ===
1 10.430 BB 0.1025 63.88106 9.25823 5.3423
2 10.977 BB 0.1157 1131.8804% 145.51410 54.6577

Totals : 1195.7€l55 154.77233



Dependence of ee of Boc-phenylglycinal on the rate of addition of DIBAL-H

==e==n0 additive ==={0.5 eq Cu(ll) chloride
90,0 -

80,0 -

70,0 - /

¢ 60,0 -

[%

$ 50,0 -
40,0 -
30,0 -

20,0 T T T T 1
0,50 1,00 1,50 2,00 2,50 3,00
Rate of addition of DIBAL-H [mL/h]

Figure S1 Dependence of ee of Boc-phenylglycinal on the rate of addition of DIBALH. Each reaction
instance was performed using 50 mg (0.20 mmol) Boc-L-Phg-OH, 32 mg (0.20 mmol, 1.0 eq) CDI and 0.42
mL (0.42 mmol, 2.1 eq) 1M DIBAL-H in 2.0 mL of absolute CH,Cl,, according to the general procedure,
with the altered rates of addition, regulated by settings on the syringe pump. A parallel instance was
performed for each reaction, differing by having 13 mg (0.10 mmol, 0.5 eq) of CuCl, added after the
activation step and stirred for 60 min more before the DIBAL-H reduction. Enantiopurity was determined
by chiral GC-FID.

Table S1 Dependence of ee of Boc-phenylglycinal on the rate of addition of DIBALH.

rate of add. CDI [eq] DIBAL-H [eq] no additive 0.5 eq of CuCl,
[mL/h] ee [%] ee [%]
1,00 1.0 2.1 28,9 69,9
1,50 1.0 2.1 36,5 78,0
2,00 1.0 2.1 54,1 79,7
2,50 1.0 2.1 51,0 79,6




Dependence of yield of Boc-phenylglycinal on the temperature maintained during the addition of
DIBAL-H
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Figure S2 Dependence of yield of Boc-phenylglycinal on the temperature during addition DIBALH. Each
reaction instance was performed using a 2.0 mL aliquot of a stock solution of 270 mg (1.07 mmol) of Boc-
L-Phg-OH and 135 pL (1.07 mmol) of p-xylene (internal standard) in 10.8 mL of absolute CH,Cl,, according
to the general procedure with altered temperatures used during the reduction step (-78 °C, -50 °C, -30
°C, 0 °C and 24 °C respectively). For other temperatures relative yield was calculated using the
determined isolated yield at -78 °C and the integrated GC-based peak areas (A), according to the
following equation:

Vield = A(aldehyde) / A(xylene)

_ *Yield g
A(aldehyde) g / A(Xylene) qc

Table S2 Dependence of yield of Boc-phenylglycinal on the temperature during the addition of DIBALH.

temp. [°C] A (ald) A (xyl) yield [%]
24 673713 2245673 43
0 1764540 3959756 63
-30 2654574 4478668 84
-50 2760001 4425637 89
-78 2444543 3694009 94




Purity of isolated Boc-phenylglycinal after reductions at different temperatures

W W

Figure S3 'H NMR spectra of the crude Boc-phenylglycinal isolated from the reactions at 24 °C, 0 °C, -30
°C, -50 °C and -78 °C, top to bottom, respectively. Interestingly, fairly pure aldehyde was isolated after
reduction at each temperature, though optimum seems to be -78 °C.




Dependence of ee of Boc-phenylglycinal on the temperature during the addition of DIBAL-H
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Figure S4 Dependence of yield of Boc-phenylglycinal on the temperature during addition DIBALH. Each
reaction instance was performed using 50 mg (0.20 mmol) Boc-L-Phg-OH, 36 mg (0.22 mmol, 1.1 eq) CDI
and 0.42 mL (0.42 mmol, 2.1 eq) 1M DIBAL-H in 2.0 mL of absolute CH,Cl,, according to the general
procedure with altered temperatures used during the reduction step (-78 °C, -50 °C, -30 °C, 0 °C and 24
°C respectively). Enantiopurity was determined by chiral GC-FID.

Table S3 Dependence of ee of Boc-phenylglycinal on the temperature during addition of DIBALH.

temp. [°C] CDI [eq] DIBAL-H [eq] ee [%]
24 1.1 2.1 37
0 1.1 2.1 59
-30 1.1 2.1 63
-50 1.1 2.1 72
-78 1.1 2.1 72




Figure S5 Appearance of the reaction solution during the time of activation with CDI and after the
treatment with DIBAL-H. Reactions were performed in Schlenk tubes, under N, atmosphere.

No additive S 0.5 eq CuCl, Time after CDI is added

5 min

30 min

60 min

15 min

after DIBAL-H
addition had been
completed
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