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Supplementary data

Complete results of ADH screening

The complete results of the screening of ADHs for activity and stereoselectivity in the
reduction of azido ketone 2a are given in Suppl. Tables 1-4. Enzymes selected for further
experiments are highlighted in grey.

Enzyme Cofactor’ Conv.” [%] Act.c [U/mg] ee’ [%]
ADH-A (from R. ruber) NADH 11.8 0.49 >99 (R)
TbADH (from T. brockii) NADPH <1.0 <0.04 nd°
LkADH (from L. kefir) NADPH 1.6 0.07 98 (S)
LbADH (from L. brevis) NADPH 2.0 0.08 >99 (S)

Suppl. Table 1. Activity and stereoselectivity of bacterial ADHs in the reduction of 2-azidoacetophenone 2a.
Reaction conditions: 50 mM 2a, 0.1 mM NAD(P)*, 0.1 mg/mL ADH preparation, 5% (v/v) 2-propanol, 0.5 mL K-
phosphate buffer (100 mM, pH 7.0; 1 mM MgSO,), 30 °C, 2 h. ? Preferred cofactor according to literature or
supplier’s information. ® Conversion determined by GC-FID analysis. ¢ Apparent activity (umol product formed
per minute and per mg enzyme preparation) as calculated from conversion. ¢ Enantiomeric excess determined
by chiral-phase GC-FID analysis. ¢ nd = not determined.

Enzyme Cofactor’ Conv.” [%] Act. [U/mg] ee [%]
KRED-NADH-101 NADH 1.3 0.06 >99 (R)
KRED-NADH-110 NADH 57.7 2.40 >99 (S)
KRED-101 NADPH - - -
KRED-119 NADPH - - -
KRED-130 NADPH - - -
KRED-P1-A04 NADPH 52.0 2.16 >99 (S)
KRED-P1-B02 NADPH 9.7 0.40 26 (S)
KRED-P1-B0O5 NADPH - - -
KRED-P1-B10 NADPH 4.2 0.18 71 (S)
KRED-P1-B12 NADPH 2.2 0.09 93 (S)
KRED-P1-CO1 NADPH 46.2 1.92 60 (S)
KRED-P1-HO8 NADPH 43.2 1.80 83 (R)
KRED-P1-H10 NADPH 25.9 1.08 93 (S)
KRED-P2-B02 NADPH 28.5 1.19 81 (R)
KRED-P2-C02 NADPH 16.1 0.67 88 (R)
KRED-P2-C11 NADPH 48.7 2.03 46 (S)
KRED-P2-D03 NADPH 31.5 1.31 63 (S)
KRED-P2-D11 NADPH 44.5 1.85 12 (S)
KRED-P2-D12 NADPH 4.8 0.20 80 (S)
KRED-P2-GO03 NADPH 84.9 3.54 96 (S)
KRED-P2-HO7 NADPH 53.0 2.21 96 (S)
KRED-P3-B03 NADPH 4.6 0.19 >99 (R)
KRED-P3-G09 NADPH 13.2 0.55 88 (R)
KRED-P3-H12 NADPH 324 1.35 90 (R)

Suppl. Table 2. Activity and stereoselectivity of Codexis ADHs in the reduction of 2-azidoacetophenone 2a.
Reaction conditions: 50 mM 2a, 0.1 mM NAD(P)*, 0.1 mg/mL ADH preparation, 5% (v/v) 2-propanol, 0.5 mL K-
phosphate buffer (100 mM, pH 7.0; 1 mM MgS0O,), 30 °C, 2 h. ? Preferred cofactor according to supplier’s
information. © Conversion determined by GC-FID analysis. € Apparent activity (umol product formed per minute
and per mg enzyme preparation) as calculated from conversion. ¢ Enantiomeric excess determined by chiral
GC-FID analysis.
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Enzyme Cofactor’ Conv.” [%] Act. [U/mg] ee’ [%]
CRED-A101 NADPH - - -
CRED-A201 NADPH - - -
CRED-A301 NADPH - - -
CRED-A401 NADPH - - -
CRED-A501 NADPH - - -
CRED-A601 NADPH 14.0 0.58 >99 (S)
CRED-A701 NADPH - - -
CRED-A801 NADPH - - -
CRED-A121 NADPH - - -
CRED-A131 NADH - - -
CRED-A141 NADPH - - -
CRED-A151 NADH - - -
CRED-A161 NADH 0.8 0.03 >99 (S)
CRED-A171 NADH - - -
CRED-A181 NADPH - - -
CRED-A191 NADH - - -
CRED-A211 NADPH - - -
CRED-A221 NADH - - -
CRED-A231 NADPH - - -
CRED-A241 NADPH - - -
CRED-A251 NADH - - -
CRED-A261 NADPH - - -
CRED-A271 NADPH - - -
CRED-A281 NADPH - - -
CRED-A321 NADPH - - -
CRED-A331 NADPH - - -
CRED-A361 NADPH - - -
CRED-A381 NADPH - - -
CRED-A391 NADPH - - -
CRED-N501 NADPH - - -
CRED-N701 NADPH - - -
CRED-N121 NADPH - - -
CRED-N131 NADPH - - -
CRED-N151 NADPH - - -
CRED-A411 NADH - - -
CRED-A421 NADH - - -
CRED-A431 NADPH - - -
CRED-A441 NADH - - -
CRED-A451 NADH - - -
CRED-A461 NADH - - -
CRED-A471 NADH - - -
CRED-A481 NADH - - -
CRED-A491 NADH - - -
CRED-A511 NADH - - -

Suppl. Table 3. Activity and stereoselectivity of Almac ADHs in the reduction of 2-azidoacetophenone 2a.
Reaction conditions: 50 mM 2a, 0.1 mM NAD(P)*, 0.1 mg/mL ADH preparation, 5% (v/v) 2-propanol, 0.5 mL K-
phosphate buffer (100 mM, pH 7.0; 1 mM MgS0O,), 30 °C, 2 h. ? Preferred cofactor according to supplier’s
information. ® Conversion determined by GC-FID analysis. ¢ Apparent activity (umol product formed per minute
and per mg enzyme preparation) as calculated from conversion. ¢ Enantiomeric excess determined by chiral
GC-FID analysis.
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Enzyme Cofactor’ Conv.” [%] Act. [U/mg] ee’ [%]
evo-1.1.010 NADH - - -
evo-1.1-020 NADH — — —
evo-1.1.030 NADH 6.5 0.27 >99 (R)
evo-1.1.040 NADH - - -
evo-1.1.130 NADH - - -
evo-1.1.140 NADH - - -
evo-1.1.190 NADPH - - -
evo-1.1.200 NADH 73.2 3.05 >99 (S)
evo-1.1.250 NADPH - - -
evo-1.1.260 NADPH - - -
evo-1.1.270 NADPH 19.7 0.82 >99 (S)

Suppl. Table 4. Activity and stereoselectivity of evocatal ADHs in the reduction of 2-azidoacetophenone 2a.
Reaction conditions: 50 mM 2a, 0.1 mM NAD(P)*, 0.1 mg/mL ADH preparation, 5% (v/v) 2-propanol, 0.5 mL K-
phosphate buffer (100 mM, pH 7.0; 1 mM MgS0O,), 30 °C, 2 h. ? Preferred cofactor according to supplier’s
information. ® Conversion determined by GC-FID analysis. € Apparent activity (umol product formed per minute
and per mg enzyme preparation) as calculated from conversion. ¢ Enantiomeric excess determined by chiral
GC-FID analysis.

Activity assay of bacterial ADHs

The unexpectedly low conversions obtained with ThADH and LbADH in the screening
prompted us to verify their activity under the reaction conditions. The activity assay was
performed spectrophotometrically, following the formation of NAD(P)H from NAD(P)* and 2-
propanol via the absorbance change at 340 nm. Since the type of buffer can have an influence
on enzyme activity, the assay was performed in two different buffer systems (potassium
phosphate or Tris-HCI; both 100 mM, pH 7.0, containing 1 mM MgSO, as additive). Reactions
with ADH-A and KRED-NADH-110 (in phosphate buffer only) were performed for
comparison. As shown in Suppl. Table 5, all enzymes showed 2-propanol oxidation activity.
LbADH was approx. two times more active in Tris-HCl buffer than in phosphate buffer.
Interestingly, KRED-NADH-110 showed a lower activity in this assay than in the screening for
reduction of 2a, which might be explained by the different reaction temperatures (20 °C in
the photometric assay, 30 °C in the screening).

Enzyme Buffer Activity [U/mg]
ADH-A phosphate 20=0.3
KRED-NADH-110 phosphate 1.3 +£0.1
LbADH phosphate 0.18 = 0.01
LbADH Tris-HCI 0.34 = 0.05
ThADH phosphate 0.51 = 0.04
TbADH Tris-HCI? 0.50 = 0.04

Suppl. Table 5. Activity of selected ADHs in the oxidation of 2-propanol, as quantified via NAD(P)H fromation.
Reaction conditions: 0.1 mM NAD(P)*, 0.1 mg/mL ADH preparation, 5% (v/v) 2-propanol, 0.5 mL buffer (100
mM, pH 7.0; 1 mM MgS0O,), 20 °C. ? A low background activity (0.06 U/mg) was observed in this setup, which is
probably due to oxidation of Tris by TbADH.
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Substrate concentration-activity profiles of selected ADHs

The substrate concentration—activity profiles (determined from the conversion after 2 h) of
selected ADHs for substrate 2a are shown in Suppl. Fig. 1 (Prelog-selective enzymes) and
Suppl. Fig. 2 (anti-Prelog-selective enzymes).
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Suppl. Fig. 1. Substrate concentration-activity profiles of selected Prelog-selective alcohol dehydrogenases for
2a as substrate: ADH-A (green circles), KRED-P3-B03 (orange squares), evo-1.1.030 (blue triangles). Reaction
conditions: 50-500 mM 2a, 0.1 mM NAD(P)*, 0.1 mg/mL ADH preparation, 5% (v/v) 2-propanol, 0.5 mL K-
phosphate buffer (100 mM, pH 7.0; 1T mM MgSO,), 30 °C, 2 h.
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Suppl. Fig. 2. Substrate concentration—-activity profiles of selected anti-Prelog-selective alcohol dehydrogenases
for 2a as substrate: KRED-NADH-110 (green circles), evo-1.1.200 (orange squares). Reaction conditions: 50-500
mM 2a, 0.1 mg/mL ADH preparation, 0.1 mM NAD(P)*, 5% (v/v) 2-propanol, 0.5 mL K-phosphate buffer (100
mM, pH 7.0; 1T mM MgSO,), 30 °C, 2 h.
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Time-course experiments using selected ADHs

The operational stability of selected ADHs was assessed from the time course of the reduction
of 2a (100 mM, 16 g/L), using 1.5 mg/mL of the Prelog-selective and 0.2 mg/mL of the
generally more active anti-Prelog-selective enzymes. As shown in Suppl. Fig. 3 (Prelog-
selective enzymes) and Suppl. Fig. 4 (anti-Prelog-selective enzymes), ADH-A and KRED-
NADH-110 performed best under the investigated conditions, allowing complete conversion of
2a into (R)-3a and (S)-3a, respectively, within 24 h.
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Suppl. Fig. 3. Time course of the reduction of 2a to 3a by selected Prelog-selective alcohol dehydrogenases:
ADH-A (green circles), KRED-P3-B03 (orange squares), evo-1.1.030 (blue triangles). Reaction conditions: 100

mM 2a, 1.5 mg/mL ADH preparation, 0.1 mM NAD(P)*, 5% (v/v) 2-propanol, 0.5 mL K-phosphate buffer (100
mM, pH 7.0; 1 mM MgSO,), 30 °C, 1-24 h.
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Suppl. Fig. 4. Time course of the reduction of 2a to 3a by selected anti-Prelog-selective alcohol
dehydrogenases: KRED-NADH-110 (green circles), evo-1.1.200 (orange squares). Reaction conditions: 100 mM

2a, 1.5 mg/mL ADH preparation, 0.1 mM NAD(P)*, 5% (v/v) 2-propanol, 0.5 mL K-phosphate buffer (100 mM,
pH 7.0; 1 mM MgS0,), 30 °C, 1-24 h.
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Reduction of azido ketones 2a—f by ADHs

The reduction of azido ketones 2a-f was carried out under the conditions of the chemo-
enzymatic one-pot process to ensure that complete conversion is reached after 20 h. The
optimised ADH loadings and the corresponding results are summarised in Suppl. Table 6.

ADH-A KRED-NADH-110

c(ADH)? Conv.” ee c(ADH)? Conv.” ee
Subst. [mg/mL] [%] [%] [mg/mL] [%] [%]
2a 1.5 >99 >99 (R) 0.2 >99 >99(S)
2b 1.5 >99 >99 (R) 0.2 >99 >99(S)
2c 1.5 >99 >99 (R) 0.2 >99 >99(S)
2d 1.5 >99 >99 (R) 0.2 >99 >99(S)
2e 2.5 >99 >99 (R) 0.4 >99 >99 (S)
2f 1.5 >99 >99 (5) 1.0 >99 >99 (R)?

Suppl. Table 6. Activity and stereoselectivity of ADH-A and KRED-NADH-110 in the reduction of 2-azido-1-
arylethanones 2a—f to 2-azido-1-arylethanols 3a-f. Reaction conditions: 50 mM 2, 0.2-2.5 mg/mL ADH
preparation, 5% (v/v) 2-propanol, 2 mL K-phosphate buffer (100 mM, pH 7.0; 1T mM MgSO,), 30 °C, 20 h. ? Final
concentration of crude ADH preparation in the reaction mixture. ® Determined by achiral GC-FID analysis. ¢
Enantiomeric excess of 3 as determined by chiral-phase GC-FID or chiral-phase HPLC analysis. ¢ Switch in
substituent priorities according to Cahn-Ingold—-Prelog rules.

Time course of the azidolysis of chloro ketone 1a

The time course of the azidolysis of 2-chloroacetophenone 1a at 60 °C in phosphate buffer
(100 mM, pH 7.0; 1 mM MgSO,) containing 5% (v/v) 2-propanol in the presence of varied
amounts of potassium iodide as nucleophilic substitution catalyst is shown in Suppl. Fig. 5.
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Suppl. Fig. 5. Time course of the conversion 1a into 2a by nucleophilic substitution with azide in the presence
of varied concentrations of iodide: no iodide (green circles), 1 mM iodide (orange squares), 5 mM iodide (blue
triangles), 10 mM iodide (purple diamonds). Reaction conditions: 100 mM 1a, 120 mM NaN;, 0-10 mM Kl, 5%
(v/v) 2-propanol, 0.5 mL K-phosphate buffer (100 mM, pH 7.0; 1 mM MgSO,), 60 °C, 1-8 h.
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Characterisation data of Pd nanoparticles

The Pd-LK nanoparticles used in this study (prepared from PdCl, and low-sulfonate Kraft
lignin as described in the Supplementary Methods section) were characterised by transmission
electron microscopy (TEM), UV-Vis spectroscopy, and X-ray diffraction spectroscopy (XRD).
The particle size distribution was determined by dynamic light scattering (DLS) experiments.
Sample preparation procedures for all these analytical techniques are described in the
Analytics section.

The nanoparticles are spherical in shape (Suppl. Fig. 6), with an average diameter of 8 nm
(determined from the TEM image; the average hydrodynamic radius determined by DLS
measurements is 6 nm, see Suppl. Fig. 8). The XRD spectrum (Suppl. Fig. 7) shows peaks at
39.9°% 46.3°, 67.4° 82.5° and 86.9°, which can be assigned to the diffraction of the (111),
(200), (220), and (311) planes of the face-centred cubic Pd-crystal with space group Fm3m.
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Suppl. Fig. 6. TEM image of Pd nanoparticles prepared from PdCl, and low-sulfonate Kraft lignin.
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Suppl. Fig. 7. XRD pattern of Pd nanoparticles prepared from PdCl, and low-sulfonate Kraft lignin.
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Suppl. Fig. 8. Particle size distribution of Pd nanoparticles prepared from PdCl, and low-sulfonate Kraft lignin,
determined as hydrodynamic radius by DLS.
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Suppl. Fig. 9. UV-Vis spectrum (300-600 nm range) acquired during the formation of Pd nanoparticles from
PdCl, and low-sulfonate Kraft lignin. Time points: Before heating (dark blue line), 1 h heating to 80 °C (blue
line), 2 h heating to 80 °C (light blue line).
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Environmental impact assessment of tembamide syntheses

Suppl. Table 7 lists the solvent demand of the six tembamide syntheses discussed in the
article, differentiated into various types of solvents, while Suppl. Fig. 10 shows the
contributions of different waste types to the overall E-factor.

Quantity used [mL/g]

Present Leeetal. Baezaetal Kamaletal. Yadavetal. Brown etal.

Solvent work 2007 2005 2004 2001 1993, 1994
water 116 144 264 76 351 272
ethyl acetate 112 148 596 89 19 68
alcohols:

ethanol 61 110 - - 9 -

methanol - 7 - 59 5 -

2-propanol 5 - - - - -
ethers:

tert-butyl methyl ether 15 - - - - -

diisopropyl ether - - - 89 - -

diethyl ether - - - - 77 33

tetrahydrofuran - - 138 - - 23
hydrocarbons:

hexanes, petr. ether - 371 10 14212 366 16°

toluene, benzene - 4 23 3 71
chlorinated solvents:

chloroform - 708 - - - -

dichloromethane - 72 - 68 5 -
others - 37 - - - -
overall 309 1600 1031 1801 826 483

Suppl. Table 7. Comparison of the solvent demand of catalytic asymmetric syntheses of tembamide.
2 An unspecified mixture of hexanes and ethyl acetate used for chromatography was accounted for as hexanes
only. ? Unspecified mixtures of petroleum ether and dichloromethane, as well as petroleum ether and diethyl
ether were accounted for as petroleum ether only.
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Suppl. Fig. 10. Contributions of different types of waste to the overall E-factor (excluding solvents) of catalytic
asymmetric syntheses of tembamide.
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Supplementary methods

Preparation of lignin-stabilised metal nanoparticles
Lignin-stabilised Pd and Pt nanoparticles were prepared following literature procedures:’

Pd nanoparticles: A solution of PdCl, (10 mg, 56 umol) and lignin (60 mg) in
demineralised water (10 mL) was stirred at 80 °C for 2 h. After this time, all PdCl, had
dissolved and the initially brown colour of the solution had intensified to black. The solution
was allowed to cool to room temperature and was stored at room temperature in a screw-top
glass vial.

Pt nanoparticles: A solution of H,PtCl, - 6 H,O (30 mg, 60 umol) and lignin (60 mg) in
demineralised water (6 mL) was stirred at 80 °C for 3 h. After this time, the initially dark
orange colour of the solution had intensified to dark brown. The solution was allowed to cool
to room temperature and was stored at room temperature in a screw-top glass vial.

Synthesis of substrates and reference compounds

2-Bromo-1-(2-furyl)ethanone (1f; CAS 15109-94-1).> A solution of 2-acetylfuran (4.40
g, 40 mmol) in diethyl ether/dioxane (2/1, 30 mL) under nitrogen atmosphere was cooled to
5 °C on an ice bath. Bromine (7.19 g, 45 mmol) was added dropwise to the stirred mixture
over 15 min, the ice bath was removed and stirring continued at room temperature for 16 h.
The reaction was quenched with sat. aq. NH,Cl solution (20 mL), the phases were separated,
and the organic phase was washed with a 1 M aq. NaHSO; solution (25 mL), dried over
MgSO, and evaporated under reduced pressure to give 7.70 g of a brown liquid. Column
chromatography (silica gel 60, petroleum ether/EtOAc = 15/1) afforded 3.88 g (51%) of 1f
as a yellowish liquid, which crystallised upon standing in the fridge to yellowish needles. mp:
32-34 °C (lit.> 34 °C). TLC (silica, Petroleum ether/EtOAc = 3/1): R; = 0.67. '"H-NMR (400
MHz, CDCly): o [ppm] = 4.31 (2H, s, CH,), 6.59 (1H, dd, J = 3.6 Hz, 1.6 Hz, Ar-4), 7.33 (1H,
d, J = 3.6 Hz, Ar-3), 7.63 (1H, s, Ar-5). *C-NMR (100 MHz, CDCl,): J [ppm] = 30.0, 112.8,
119.1, 147.2, 150.3, 180.3. GC-MS (EL, 70 eV): m/z = 190 (M*, 7), 188 (M*, 7), 95 (100),
53 (14). The NMR data are in accordance with literature values.*

General procedure for the preparation of azido ketones 2a-f: To a solution of the
halo ketone la-f (20.0 mmol) in acetonitrile (30 mL), a solution of NaN; (1.95 g, 30.0
mmol) and KI (0.17 g, 1.0 mmol) in water (10 mL) was added, and the mixture was stirred at
60 °C for 1 h. The reaction mixture was concentrated under reduced pressure and the
resulting aqueous residue was extracted with EtOAc (2 X 20 mL). The combined organic
phases were washed with brine (10 mL), dried over MgSO, and evaporated under reduced
pressure to give the azidoketone 2 in high purity, as judged by GC and NMR analysis.

2-Azidoacetophenone (2a; CAS 1816-88-2). Obtained from 2-chloroacetophenone
(1la; 3.09 g). 3.04 g (18.9 mmol, 94%) clear, orange liquid. TLC (silica, petroleum
ether/EtOAc = 3/1): R; = 0.78. 'H-NMR (400 MHz, CDCl,): d [ppm] = 4.56 (2H, s, CH,),
7.50 (2H, t, J = 7.6 Hz, Ar-m), 7.62 (1H, t, J = 7.4 Hz, Ar-p), 7.90 (2H, d, J = 8.0 Hz, Ar-o).
C-NMR (100 MHz, CDCl,): d [ppm] = 54.8, 127.9, 128.9, 134.1, 134.4, 193.2. GC-MS (EI,
70 eV): m/z = 105 (100), 77 (83), 51 (38). The NMR data are in accordance with literature
values.’

2-Azido-4’-chloroacetophenone (2b; CAS 26086-60-2). Obtained from 2,4-
dichloroacetophenone (3.78 g). 3.76 g (19.2 mmol, 96%) of an orange solid. mp: 68-69 °C
(lit.® 60-64 °C). TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.73. 'H-NMR (400 MHz,
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CDCL): J [ppm] = 4.52 (2H, s, CH,), 7.47 (2H, d, J = 8.8 Hz, Ar-m), 7.84 (2H, d, J = 8.8
Hz, Ar-0). *C-NMR (100 MHz, CDCL,): O [ppm] = 54.8, 129.3, 132.6, 140.7, 192.1. GC-MS
(EI, 70 eV): m/z = 167 (1), 139 (100), 111 (64), 75 (78), 50 (58). The NMR data are in
accordance with literature values.®

2-Azido-4’-fluoroacetophenone (2c; CAS 118887-70-0). Obtained from 2-bromo-
4’-fluoroacetophenone (1c; 4.34 g). 3.40 g (19.0 mmol, 95%) of an orange solid. mp: 53-54
°C (lit.° 47.5-48.5 °C). TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.73. '"H-NMR (400
MHz, CDCL): J [ppm] = 4.53 (2H, s, CH,), 7.17 (2H, dd, J = 8.8 Hz, 8.4 Hz, Ar-m), 7.94
(2H, dd, J = 8.4 Hz, 5.2 Hz, Ar-0). ®*C-NMR (100 MHz, CDCL): & [ppm] = 54.7, 116.2 (d, Jo
= 21.9 Hz), 130.7 (d, J: = 8.3 Hz), 130.8, 166.2 (d, J = 256 Hz), 191.7. GC-MS (EI, 70
eV): m/z = 151 (1), 123 (100), 95 (85), 75 (53), 69 (12), 50 (21). The NMR data are in
accordance with literature values.®

2-Azido-4’-methylacetophenone (2d; CAS 6595-30-8). Obtained from 2-bromo-4-
methylacetophenone (1d; 4.26 g). 3.41 g (19.5 mmol, 97%) of an orange solid. mp: 61-62 °C
(lit.” 59-62 °C). TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.80. 'H-NMR (400 MHz,
CDCly): o[ppm] = 2.42 (3H, s, CH,), 4.52 (2H, s CH,), 7.29 (2H, d, J = 8.0 Hz, Ar-m), 7.79
(2H, d, J = 8.0 Hz, Ar-0). *C-NMR (100 MHz, CDCl,): d [ppm] = 21.7, 54.7, 128.0, 129.6,
131.9, 145.1, 192.7. GC-MS (EI, 70 eV): m/z = 147 (1), 119 (100), 91 (69), 65 (32). The
NMR data are in accordance with literature values.®

2-Azido-4’-methoxyacetophenone (2e; CAS 6595-28-4). Obtained from 2-bromo-
4’-methoxyacetophenone (1e; 4.58 g). 3.72 g (19.5 mmol, 97%) of a yellow solid. mp: 72-73
°C (lit.® 68-69 °C). TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.63. 'H-NMR (400 MHz,
CDCl,): o [ppm] = 3.88 (3H, s, OCH,), 4.50 (2H, s CH,), 6.95 (2H, d, J = 8.8 Hz, Ar-m), 7.88
(2H, d, J = 8.8 Hz, Ar-0). *C-NMR (100 MHz, CDCl,): d [ppm] = 54.5, 55.5, 114.1, 127.3,
130.2, 164.2, 191.6. GC-MS (EI, 70 eV): m/z = 163 (2), 135 (100), 107 (14), 92 (22), 77
(40), 64 (20), 50 (10). The NMR data are in accordance with literature values.®

2-Azido-1-(2-furyl)ethanone (2f; CAS 118299-63-1). Obtained from 2-bromo-1-(2-
furyl)ethanone (1f; 2.84 g, 15.0 mmol). 2.12 g (14.0 mmol, 94%) of a brownish liquid, which
crystallised upon standing in the fridge to yellowish needles. mp: 31-33 °C (lit.” 32-33 °C).
TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.53. '"H-NMR (400 MHz, CDCl,): d [ppm] =
4.41 (2H, s CH,), 6.59 (1H, dd, J = 3.6 Hz, 1.6 Hz, Ar-4), 7.29 (1H, d, J = 3.6 Hz, Ar-3),
7.61 (1H, s, Ar-5). *C-NMR (100 MHz, CDCl,): J [ppm] = 54.3, 112.7, 118.1, 147.0, 150.6,
182.5. GC-MS (EI, 70 eV): m/z = 151 (M*, 3), 95 (100), 67 (12), 53 (5). The NMR data are
in accordance with literature values.'

General procedure for the preparation of azido alcohols rac-3a—f: A solution of
azido ketone 2 (5.0 mmol) in methanol (20 mL) was cooled to 5 °C on an ice bath. NaBH,
(113 mg, 3.0 mmol) was added in portions to the stirred solution over a 15 min period. After
addition was completed, the ice bath was removed and stirring continued for 1 h at room
temperature. The reaction was quenched by addition of sat. aq. NH,CI solution (5 mL), and
the mixture was concentrated under reduced pressure. The residue was taken up in water (20
mL) and extracted with EtOAc (2 X 20 mL). The combined organic phases were washed with
brine (10 mL), dried over MgSO, and evaporated under reduced pressure to give the crude
azido alcohol rac-3, which was purified by column chromatography (silica gel 60, petroleum
ether/EtOAc = 9/1).

rac-2-Azido-1-phenylethanol (rac-3a; CAS 18756-01-9). 0.682 g (4.18 mmol,
84%) of an orange liquid. TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.71. 'H-NMR
(400 MHz, CDCL,): J [ppm] = 2.54 (1H, d, J = 2.8 Hz, OH), 3.43 (1H, dd, J = 12.8 Hz, 4.0
Hz, CH,), 3.49 (1H, dd, J = 12.4 Hz, 8.0 Hz, CH,), 4.85-4.88 (1H, m, CH-OH), 7.31-7.48
(5H, m, Ar). ®C-NMR (100 MHz, CDCl,): J [ppm] = 58.0, 73.4, 125.9, 128.3, 128.6, 140.5.
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GC-MS (EI, 70 €V): m/z = 107 (100), 79 (98), 77 (67), 51 (25). The NMR data are in
accordance with literature values."

rac-2-Azido-1-(4-chlorophenyl)ethanol (rac-3b; CAS 861929-21-7). 0.857 g
(4.33 mmol, 87%) of a yellowish liquid. TLC (silica, petroleum ether/EtOAc = 3/1): R; =
0.64. 'H-NMR (400 MHz, CDCL): & [ppm] = 2.53 (1H, d, J = 3.6 Hz, OH), 3.41-3.47 (2H,
m, CH,), 4.83-4.86 (1H, m, CH-OH), 7.30 (2H, d, J = 8.4 Hz, Ar-0), 7.35 (2H, d, J = 8.0 Hz,
Ar-m). ®*C-NMR (100 MHz, CDCL,): d [ppm] = 57.9, 72.7, 127.3, 128.8, 134.1, 138.9. GC-
MS (EI, 70 eV): m/z = 143 (26), 141 (88), 115 (7), 113 (24), 77 (100), 51 (23). The NMR
data are in accordance with literature values.'?

rac-2-Azido-1-(4-fluorophenyl)ethanol (rac-3c; CAS 118888-01-0). 0.792 g
(4.37 mmol, 87%) of a yellowish liquid. TLC (silica, petroleum ether/EtOAc = 3/1): R; =
0.65. '"H-NMR (400 MHz, CDCl,): O [ppm] = 2.53 (1H, d, J = 3.2 Hz, OH), 3.39-3.48 (2H,
m, CH,), 4.83-4.87 (1H, m, CH-OH), 7.06 (2H, t, J = 8.6 Hz, Ar-m), 7.34 (2H, dd, J = 8.4
Hz, 5.2 Hz, Ar-0). *C-NMR (100 MHz, CDCl,): J [ppm] = 58.1, 72.7, 115.6 (d, J; = 21.4
Hz), 127.6 (d, J = 8.2 Hz), 136.3 (d, J = 3.1 Hz), 162.6 (d, Jz = 245 Hz). GC-MS (EI, 70
eV): m/z = 125 (100), 97 (82), 95 (27), 77 (41), 75 (16), 51 (14). The NMR data are in
accordance with literature values.*

rac-2-Azido-1-(4-tolyl)ethanol (rac-3d; CAS 144924-03-8). 0.827 g (4.67 mmol,
93%) of a yellowish liquid. TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.75. 'H-NMR
(400 MHz, CDCl,): J [ppm] = 2.36 (3H, s, CH,), 2.42 (1H, d, J = 3.2 Hz, OH), 3.41 (1H, dd,
J = 12.4 Hz, 4.0 Hz, CH,), 3.47 (1H, dd, J = 12.4 Hz, 8.0 Hz, CH,), 4.82-4.85 (1H, m, CH-
OH), 7.19 (2H, d, J = 7.6 Hz, Ar-m), 7.26 (2H, d, J = 8.0 Hz, Ar-0). *C-NMR (100 MHz,
CDCL): J [ppm] = 21.1, 58.0, 73.2, 125.8, 129.3, 137.6, 138.1. GC-MS (EL, 70 eV): m/z =
121 (100), 93 (55), 91 (65), 77 (46), 65 (21), 51 (13). The NMR data are in accordance with
literature values.'?

rac-2-Azido-1-(4-methoxyphenyl)ethanol (rac-3e; CAS 144924-01-6).
Petroleum ether/EtOAc = 7/1 was used as eluent for column chromatography. 0.890 g (4.61
mmol, 92%) of a slightly yellowish liquid. TLC (silica, petroleum ether/EtOAc = 3/1): R; =
0.60. 'H-NMR (400 MHz, CDCl,): O[ppm] = 2.42 (1H, d, J = 3.2 Hz, OH), 3.39 (1H, dd, J =
12.8 Hz, 4.0 Hz, CH,), 3.46 (1H, dd, J = 12.8 Hz, 8.4 Hz, CH,), 3.81 (3H, s, OCH,), 4.80-
4.83 (1H, m, CH-OH), 6.90 (2H, d, J = 8.4 Hz, Ar-m), 7.29 (2H, d, J = 8.8 Hz, Ar-0). *C-
NMR (100 MHz, CDCl,): J [ppm] = 55.3, 58.0, 73.0, 114.0, 127.2, 132.7, 159.6. GC-MS (EI,
70 eV): m/z = 137 (100), 109 (32), 94 (31), 77 (45), 66 (17), 65 (16), 51 (15). The NMR
data are in accordance with literature values.'?

rac-2-Azido-1-(2-furyl)ethanol (rac-3f). Petroleum ether/EtOAc = 7/1) was used as
eluent for column chromatography. 0.662 g (4.32 mmol, 86%) of 3f as a yellowish liquid. TLC
(silica, petroleum ether/EtOAc = 3/1): R; = 0.62. 'H-NMR (400 MHz, CDCl,): J [ppm] =
2.52 (1H, d, J = 5.2 Hz, OH), 3.57 (1H, dd, J = 12.8 Hz, 4.4 Hz, CH,), 3.65 (1H, dd, J =
12.8 Hz, 7.2 Hz, CH,), 4.85-4.89 (1H, m, CH-OH), 6.34-6.38 (2H, m, Ar-3, Ar-4), 7.40 (1H,
s, Ar-5). ®C-NMR (100 MHz, CDCl,): J [ppm] = 55.0, 67.1, 107.4, 110.5, 142.5, 153.1. GC-
MS (EI, 70 eV): m/z = 153 (M*, <1), 97 (100), 69 (17), 51 (6), 41 (61). The NMR data are
in accordance with literature values.™

rac-2-Amino-1-(4-chlorophenyl)ethanol (rac-4b; CAS 41870-82-0). rac-2-Azido-1-
(4-chlorophenyl)ethanol (rac-3b; 99 mg, 0.5 mmol) was dissolved in 2-propanol (250 uL),
and potassium phosphate buffer (4.3 mL; 100 mM, pH 7.0, 1 mM MgSO,), 4 M aq. NaOH
solution (65 wlL), and Pd-NP solution (450 uL; 5.6 mM Pd) were added. The mixture was
stirred at 30 °C and 10 bar H, for 4 h, then the product was extracted into EtOAc (4 X 5 mL).
The extracts from two reaction batches were combined, dried over MgSO, and evaporated
under reduced pressure to give rac-4b (168 mg, 98%) as an off-white solid. mp: 92-93 °C

Electronic Supplementary Information (ESI) p. 13 of 77



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(lit.** 93.5-94.5 °C). TLC (silica, MTBE/MeOH/NH,OH = 90/9/1): R; = 0.11. 'H-NMR (400
MHz, CDCL): J [ppm] = 2.19 (3H, br s, OH, NH,), 2.70 (1H, dd, J = 12.8 Hz, 8.0 Hz, CH,),
2.90 (1H, dd, J = 12.8 Hz, 3.2 Hz, CH,), 4.55 (1H, dd, J = 7.6 Hz, 3.6 Hz, CH-OH), 7.23
(2H, d, J = 8.0 Hz, Ar-0), 7.27 (2H, d, J = 8.4 Hz, Ar-m). *C-NMR (100 MHz, CDCL,): &
[ppm] = 49.1, 73.4, 127.2, 128.5, 133.1, 141.1. GC-MS (EL 70 eV): m/z = 171 (M*, 1), 143
(5), 141 (16), 115 (4), 113 (15), 77 (100), 51 (25), 50 (11). The NMR data are in
accordance with literature values.”

General procedure for the preparation of amino alcohols rac-4c—f: To a solution
of azido alcohol rac-3 (1.0 mmol) in methanol (5 mL) was added palladium 10% on charcoal
(10 mg), and the mixture was stirred at 30 °C and 10 bar H, for 2 h. The reaction mixture was
filtered through Celite, the Celite pad was washed with methanol (2 mL), and the solvent was
evaporated under reduced pressure to give amino alcohol rac-4 in high purity, as judged by
GC and NMR analysis.

rac-2-Amino-1-(4-fluorophenyl)ethanol (rac-4c; CAS 456-05-3). 150 mg (0.97
mmol, 97%) of a white solid. mp: 65-66 °C. TLC (silica, MTBE/MeOH/NH,OH = 90/9/1): R;
= 0.10. 'H-NMR (400 MHz, CDCl,): J [ppm] = 2.33 (3H, br s, OH, NH,), 2.71 (1H, dd, J =
12.8 Hz, 8.0 Hz, CH,), 2.87 (1H, dd, J = 12.8 Hz, 4.0 Hz, CH,), 4.56 (1H, dd, J = 8.0 Hz, 4.0
Hz, CH-OH), 6.99 (2H, t, J = 8.6 Hz, Ar-m), 7.26 (2H, dd, J = 8.4 Hz, 5.6 Hz, Ar-0). *C-NMR
(100 MHz, CDCL): J [ppm] = 49.2, 73.5, 115.1 (d, Joz = 21.2 Hz), 127.4 (d, J& = 8.0 Hz),
138.4 (d, Jo = 3.1 Hz), 162.1 (d, Jo; = 244 Hz). GC-MS (EI, 70 eV): m/z = 155 (M*, 1), 138
(4), 136 (4), 125 (48), 123 (18), 109 (15), 97 (100), 95 (39), 77 (60), 75 (23), 70 (8), 57
(10), 51 (24), 50 (13). The NMR data are in accordance with literature values.'®

rac-2-Amino-1-(4-tolyl)ethanol (rac-4d; CAS 53360-85-3). 146 mg (0.97 mmol,
97%) of an off-white solid. mp: 67-68 °C (lit."” 68-69 °C). TLC (silica, MTBE/MeOH/NH,OH
= 90/9/1): R; = 0.11. '"H-NMR (400 MHz, CDCl,): d [ppm] = 1.95 (3H, br s, OH, NH,), 2.34
(3H, s CH,), 2.79 (1H, dd, J = 12.8 Hz, 7.6 Hz, CH,), 2.96 (1H, dd, J = 12.8 Hz, 4.0 Hz,
CH,), 4.59 (1H, dd, J = 7.6 Hz, 4.0 Hz, CH-OH), 7.16 (2H, d, J = 7.6 Hz, Ar-m), 7.23 (2H, d,
J = 8.0 Hz, Ar-0). ®C-NMR (100 MHz, CDCl,): J [ppm] = 21.1, 49.3, 74.3, 125.8, 129.1,
137.2, 139.5. GC-MS (EI, 70 eV): m/z = 151 (M*, 2), 122 (16), 121 (100), 119 (12), 93
(74), 91 (68), 77 (57), 65 (20), 51 (12). The NMR data are in accordance with literature
values.'®

rac-2-Amino-1-(4-methoxyphenyl)ethanol (rac-4e; CAS 55275-61-1). 169 mg
(1.01 mmol, quant.) of a yellowish solid. mp: 74-75 °C (lit."® 73-75 °C). TLC (silica,
MTBE/MeOH/NH,OH = 90/9/1): R; = 0.09. 'H-NMR (400 MHz, CDCl,): J [ppm] = 2.20
(3H, br s, OH, NH,), 2.77 (1H, dd, J = 12.8 Hz, 8.0 Hz, CH,), 2.90 (1H, dd, J = 12.8 Hz, 4.0
Hz, CH,), 3.79 (3H, s, OCH,), 4.56 (1H, dd, J = 7.6 Hz, 4.0 Hz, CH-OH), 6.87 (2H, d, J = 8.4
Hz, Ar-m), 7.25 (2H, d, J = 8.4 Hz, Ar-0). >C-NMR (100 MHz, CDCl,): d [ppm] = 49.2, 55.2,
74.0, 113.7, 127.1, 134.7, 159.0. GC-MS (EI, 70 eV): m/z = 167 (M*, 3), 138 (11), 137
(100), 109 (41), 94 (36), 77 (34), 66 (10), 65 (8), 51 (6). The NMR data are in accordance
with literature values.'®

rac-2-Amino-1-(2-furyl)ethanol (rac-4f; CAS 2745-22-4). 124 mg (0.98 mmol,
98%) of a yellowish solid. mp: 84-85 °C (lit.*® 85-87 °C). TLC (silica, MTBE/MeOH/NH,OH
= 90/9/1): R; = 0.14. 'H-NMR (400 MHz, CDCL,): J[ppm] = 2.42 (3H, br s, OH, NH,), 2.99
(2H, d, J = 5.6 Hz, CH,), 4.61 (1H, t, J = 5.8 Hz, CH-OH), 6.23 (1H, d, J = 2.8 Hz, Ar-3),
6.31 (1H, d, J = 2.8 Hz, Ar-4) 7.35 (1H, s, Ar-5). ®*C-NMR (100 MHz, CDCl,): O [ppm] =
45.9, 68.1, 106.2, 110.1, 141.9, 155.4. GC-MS (EI, 70 eV): m/z = 127 (17), 98 (100), 97
(89), 81 (8), 69 (34), 53 (12), 51 (11), 42 (23), 41 (98). The NMR data are in accordance
with literature values.
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General Procedure for the Preparation of 2,2-Dimethyl-5-aryloxazolidines rac-
5a-f: To a solution of the amino alcohol rac-4 (0.2 mmol) in acetone (1 mL), anhydrous
MgSO, (5 mg) was added, and the mixture was shaken in a microcentrifuge tube at 30 °C and
1000 rpm on a Thermoshaker for 3 h. The solid was removed by centrifugation and the
supernatant was evaporated under reduced pressure to give oxazolidine rac-5 in >90% purity,
as judged by GC and NMR analysis.
rac-2,2-Dimethyl-5-phenyloxazolidine (rac-5a; CAS 87601-24-9). Yellow liquid.
'H-NMR (400 MHz, CDCL,): J [ppm] = 1.48 (3H, s, CH,), 1.54 (3H, s, CH,), 2.32 (1H, br s,
NH), 3.01 (1H, dd, J = 12.0 Hz, 6.4 Hz, CH,), 3.57 (1H, dd, J = 12.4 Hz, 6.8 Hz, CH,), 4.91
(1H, t, J = 6.6 Hz, CH-0), 7.23-7.42 (5H, m, Ar). ®C-NMR (100 MHz, CDCl,): J [ppm] =
26.7, 27.6, 54.6, 78.8, 96.3, 125.5, 127.3, 128.4, 142.2. GC-MS (EL, 70 €V): m/z = 162 (M-
CH,, 2), 120 (17), 77 (15), 71 (100), 70 (67), 56 (11), 51 (9), 43 (13), 42 (14).
rac-5-(4-Chlorophenyl)-2,2-dimethyloxazolidine (rac-5b). Yellowish liquid. 'H-
NMR (400 MHz, CDCL): J [ppm] = 1.44 (3H, s, CH,), 1.48 (3H, s, CH,), 2.91 (1H, dd, J =
11.6 Hz, 6.4 Hz, CH,), 3.53 (1H, dd, J = 12.0 Hz, 6.4 Hz, CH,), 4.84 (1H, t, J = 6.6 Hz, CH-
0), 7.21 (2H, d, J = 8.0 Hz, Ar-0), 7.27 (2H, d, J = 8.0 Hz Ar-m). *C-NMR (100 MHz,
CDCLy): d [ppm] = 26.7, 27.5, 54.6, 78.1, 96.5, 126.8, 128.5, 132.9, 140.8. GC-MS (EL, 70
eV): m/z = 196 (M*-CHj, 1), 154 (10), 77 (9), 71 (100), 70 (98), 56 (9), 43 (12), 42 (12).
rac-2,2-Dimethyl-5-(4-fluorophenyl)oxazolidine (rac-5c¢). Yellowish liquid. 'H-
NMR (400 MHz, CDCL): J [ppm] = 1.46 (3H, s, CH,), 1.51 (3H, s, CH,), 2.94 (1H, dd, J =
12.0 Hz, 6.8 Hz, CH,), 3.54 (1H, dd, J = 12.0 Hz, 6.4 Hz, CH,), 4.86 (1H, t, J = 6.6 Hz, CH-
0), 7.01 (2H, t, J = 9.2 Hz, Ar-m), 7.27 (2H, dd, J = 8.8 Hz, 5.6 Hz, Ar-0). >C-NMR (100
MHz, CDCly): o [ppm] = 26.7, 27.6, 54.6, 78.2, 96.3, 115.2 (d, J; = 21.3 Hz), 127.1 (d, J
= 8.0 Hz), 137.8 (d, J; = 3.0 Hz), 162.1 (d, J; = 244 Hz). GC-MS (EI, 70 eV): m/z = 180
(M*-CHj, 2), 138 (18), 109 (7), 71 (100), 70 (95), 56 (11), 43 (14), 42 (14).
rac-2,2-Dimethyl-5-(4-tolyl)oxazolidine (rac-5d). Yellowish liquid. '"H-NMR (400
MHz, CDCL,): J [ppm] = 1.47 (3H, s, CH;-oxa), 1.53 (3H, s, CH;-oxa), 2.34 (3H, s, Ar-CH,),
2.94 (1H, br s, NH), 2.99 (1H, dd, J = 12.0 Hz, 6.8 Hz, CH,), 3.55 (1H, dd, J = 12.0 Hz, 6.8
Hz, CH,), 4.89 (1H, t, J = 6.6 Hz, CH-0), 7.14 (2H, d, J = 8.4 Hz, Ar-m), 7.21 (2H, d, J =
8.0 Hz, Ar-0). »C-NMR (100 MHz, CDCly): o [ppm] = 21.1, 26.8, 27.6, 54.6, 78.7, 96.2,
125.5, 129.0, 136.9, 139.2. GC-MS (EI, 70 eV): m/z = 176 (M"'-CH,, <1), 134 (9), 91 (8),
71 (100), 70 (46), 56 (8), 43 (6), 42 (6).
rac-2,2-Dimethyl-5-(4-methoxyphenyl)oxazolidine (rac-5e). Yellowish liquid.
'H-NMR (400 MHz, CDCl,): 0 [ppm] = 1.46 (3H, s, CH;-oxa), 1.52 (3H, s, CH;-oxa), 2.72
(1H, br s, NH), 2.98 (1H, dd, J = 12.4 Hz, 6.8 Hz, CH,), 3.52 (1H, dd, J = 12.0 Hz, 6.4 Hz,
CH,), 3.79 (3H, s, OCH,), 4.85 (1H, t, J = 6.8 Hz, CH-0), 6.87 (2H, d, J = 8.4 Hz, Ar-m),
7.24 (2H, d, J = 8.8 Hz, Ar-0). ®*C-NMR (100 MHz, CDCL,): J [ppm] = 26.7, 27.7, 54.6, 55.3,
78.6, 96.0, 113.8, 126.8, 134.1, 158.9. GC-MS (EI, 70 eV): m/z = 192 (M*-CH,, <1), 150
(4), 137 (8), 71 (100), 70 (27), 56 (7), 43 (5), 42 (6).
rac-2,2-Dimethyl-5-(4-furyl)oxazolidine (rac-5f, CAS 164157-99-7). Orange
liquid. '"H-NMR (400 MHz, CDCl,): d [ppm] = 1.39 (3H, s, CH;), 1.48 (3H, s, CH,), 2.92 (1H,
br s, NH), 3.33 (1H, dd, J = 12.4 Hz, 5.2 Hz, CH,), 3.44 (1H, dd, J = 12.0 Hz, 6.8 Hz, CH,),
4.90 (1H, dd, J = 6.8 Hz, 5.2 Hz, CH-0), 6.23 (1H, d, J = 3.2 Hz, Ar-3), 6.29 (1H, dd, J =
3.2 Hz, 2.0 Hz Ar-4), 7.35 (1H, dd, J = 2.0 Hz, 0.8 Hz, Ar-5). *C-NMR (100 MHz, CDCL,): &
[ppm] = 26.4, 27.3, 50.8, 72.0, 96.6, 106.8, 110.1, 142.3, 154.6. GC-MS (EL 70 eV): m/z =
152 (M*-CH,, 2), 110 (15), 80 (7), 71 (100), 70 (67), 56 (13), 43 (14), 42 (15), 41 (14).

rac-Tembamide (CAS 15298-28-9). To a stirred solution of rac-2-amino-1-(4-methoxy-
phenyl)ethanol (rac-4e; 33 mg, 0.20 mmol) in a mixture of MTBE (3 mL) and 1 M aq. NaOH
solution (2 mL), benzoyl chloride (35 mg, 0.25 mmol) was added dropwise over a 5 min

Electronic Supplementary Information (ESI) p. 150f 77



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

period. The reaction mixture was stirred at room temperature for 1 h, then the phases were
separated, and the aqueous phase was extracted with EtOAc (2 X 3 mL). The combined
organic phases were dried over MgSO, and the solvent was evaporated under reduced
pressure to give 47 mg (87%) of rac-tembamide as a colourless, crystalline solid. mp: 151-
152 °C (lit.*! 152-155 °C). TLC (silica, petroleum ether/EtOAc = 3/1): R; = 0.10. 'H-NMR
(400 MHz, DMSO-d,): ¢ [ppm] = 3.29-3.35 (1H, m, CH,), 3.44-3.49 (1H, m, CH,), 3.73
(3H, s, OCH,), 4.74 (1H, dd, J = 7.2 Hz, 5.2 Hz, CH-OH), 5.42 (1H, br s, OH), 6.90 (2H, d, J
= 8.8 Hz, Ar-m), 7.29 (2H, d, J = 8.8 Hz, Ar-o0), 7.43-7.53 (3H, m, Ar-m’, Ar-p’), 7.84 (2H, d,
J = 7.6 Hz, Ar-0"), 8.47 (1H, t, J = 5.2 Hz, NH). *C-NMR (100 MHz, DMSO-d¢): d [ppm] =
47.6, 54.9, 70.6, 113.3, 127.0, 127.1, 128.1, 131.0, 134.5, 135.7, 158.2, 166.3. GC-MS (EI,
70 eV): m/z = 271 (M*, <1), 150 (47), 137 (32), 135 (77), 134 (100), 109 (24), 105 (58),
94 (25), 77 (72), 66 (10), 51 (18). The NMR data are in accordance with literature values.?!

Heterologous expression of ADH-A and LbADH

Heterologous expression of ADH-A: ADH-A from Rhodococcus ruber DSM 44541 was
heterologously expressed in E. coli Tuner™ (DE3) using a published protocol®* with slight
modifications: LB medium (25 mL; containing 100 pug/mL ampicillin) was inoculated from a
glycerol stock (50 uL) of E. coli Tuner™ (DE3) harboring the [pET22b-ADH-A] plasmid, and
the culture was grown to an ODg,, of >2 at 30 °C and 150 rpm overnight. An aliquot (5 mL)
of this starter culture was used to inoculate TB medium (500 mL; containing 100 wg/mL
ampicillin and 0.5 mM ZnCl,), and the new culture was grown to an ODg,, of ~10 at 30 °C
and 150 rpm overnight (approx. 22 h). At this point, IPTG was added to a concentration of 2
mM, and shaking was continued at 20 °C and 100 rpm for 24 h. The cells were harvested by
centrifugation (8000 rpm, 4 °C, 20 min), resuspended in potassium phosphate buffer (20 mM,
pH 7.0), and centrifuged again (8000 rpm, 20 min) to give ~30 g of wet cells per liter of
culture, which were disrupted by ultrasonication as described below.

Heterologous expression of LbADH: LB medium (25 mL; containing 100 ug/mL
ampicillin) was inoculated from a glycerol stock (50 uL) of E. coli BL21Star (DE3) harboring
the [pASK-IBA5plus-LbADH] plasmid, and the culture was grown to an ODgy, of >2 at 30 °C
and 150 rpm overnight. An aliquot (5 mL) of this starter culture was used to inoculate TB
medium (500 mL; containing 100 ug/mL ampicillin), and the new culture was grown to an
ODgq, of 0.9 at 30 °C and 150 rpm (approx. 3 h). At this point, anhydrotetracycline was added
to a concentration of 200 ug/L, and shaking was continued at 20 °C and 120 rpm for 24 h.
The cells were harvested by centrifugation (8000 rpm, 4 °C, 20 min), resuspended in
potassium phosphate buffer (20 mM, pH 7.0), and centrifuged again (8000 rpm, 20 min) to
give ~40 g of wet cells per liter of culture, which were disrupted by ultrasonication as
described below.

Cell disruption and lyophilisation: Cell pellets obtained as described above were
resuspended in potassium phosphate buffer (20 mM, pH 7.0; ~5 mL per gram of cell wet
weight) and aliquots of ~15 mL were sonicated at 4 °C using a Branson Sonifier 250 at 10%
output (25 W), 0.3 s pulse, 0.7 s pause for 15 min. Cell debris was removed by centrifugation
(20,000 rpm, 4 °C, 30 min), and the supernatant was shock-frozen in liquid nitrogen and
lyophilized overnight.

Biotransformations

Spectrophotometric assay for ADH activity: In a plastic cuvette (1.5 mL, 1 cm
pathlength), a stock solution of ADH (1 mg/mL; final conc. 0.1 mg/mL) and NAD(P)* (0.7
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mg/mL, 1 mM; final conc. 100 uM) in potassium phosphate buffer or Tris-HCI buffer (100 uL;
100 mM, pH 7.0, 1 mM MgSO,) was diluted with the same buffer (850 uL). The cuvette was
placed into a spectrophotometer (Shimadzu UV-2401PC), and the absorbance at 340 nm was
recorded for 10 s (1 measurement/s). Then, 2-propanol (50 uL; final conc. 5% v/v, approx.
650 mM) was added and the absorbance was recorded for another 170 s. Blank reactions
without enzyme or 2-propanol were set up in the same way and showed stable absorbance
readings.

Slopes were determined by applying a linear fit to the linear region of absorbance increase
(minimum 7 data points), and 2-propanol oxidation activity was calculated using the formula
given below:

_ Aabs
& 1 [&(ADH)
where A [U-mg] ... ADH activity; dabs [min™] ... slope of absorbance increase; £ [mMM™"-cm™] ... extinction
coefficient of NADH (6.22 at 340 nm); L [cm] ... cuvette path length; c(ADH) [mg-mL"] ... ADH

concentration.

Reduction of azido ketone 3a catalysed by ADHs at varied substrate
concentration: In a microcentrifuge tube (2 mL), 2-azidoacetophenone (2a; 4-40 mg, 25—
250 umol; final conc. 50-500 mM) was dissolved in 2-propanol (25 uL; final conc. 5% v/v,
approx. 650 mM). Potassium phosphate buffer (425 uL; 100 mM, pH 7.0, 1 mM MgSO,) and
a stock solution of ADH (1 mg/mL; final conc. 0.1 mg/mL) and NAD(P)* (0.7 mg/mL, 1 mM,;
final conc. 100 uM) in potassium phosphate buffer (50 ul) were added, and the mixture was
shaken at 30 °C and 1,000 rpm on a thermoshaker for 2 h. The reaction mixture was extracted
with EtOAc (800 uL), the extract was dried over MgSO, and conversion as well as product ee
were determined by GC-FID analysis, whereby the samples from reactions using more than
150 mM 2a were diluted before analysis.

Time-course experiments of the reduction of azido ketone 2a: In a
microcentrifuge tube (2 mL), 2-azidoacetophenone (2a; 8 mg, 50 umol; final conc. 100 mM)
was dissolved in 2-propanol (25 wuL; final conc. 5% v/v, approx. 650 mM). Potassium
phosphate buffer (425 uL; 100 mM, pH 7.0, 1 mM MgSO,) and a stock solution of ADH (1
mg/mL; final conc. 0.1 mg/mL) and NAD(P)* (0.7 mg/mL, 1 mM; final conc. 100 uM) in
potassium phosphate buffer (50 L) were added, and the mixture was shaken at 30 °C and
1,000 rpm on a thermoshaker for 1-24 h. The reaction mixture was extracted with EtOAc
(800 uL), the extract was dried over MgSO, and conversion as well as product ee were
determined by GC-FID analysis.

Preparative-scale reduction of azido ketone 2a using KRED-NADH-110: In a
Falcon tube (50 mL), 2-azidoacetophenone (2a; 202 mg, 1.25 mmol) was dissolved in 2-
propanol (1.25 mlL; final conc. 5% v/v, approx. 650 mM). Potassium phosphate buffer (22.75
mL; 100 mM, pH 7.0, 1 mM MgSO,) and a stock solution of Codexis KRED-NADH-110 (2.5
mg) and NAD* (1.6 mg, 2.5 umol) in potassium phosphate buffer (1 mL) were added and the
mixture was shaken at 30 °C and 180 rpm in a shaking incubator for 18 h. The reaction
mixture was extracted with EtOAc (3 x 10 mL), and the combined organic phases were dried
over MgSO, and evaporated under reduced pressure to give 204 mg (quant.) of (S)-2-azido-1-
phenylethanol as a yellow liquid. TLC (silica, hexanes/EtOAc = 3/1): R, = 0.71. [a],*® =
+94.4 (c 1.0, CHCl,), lit. (R)* -92.8 (c 1.08, CHCl,). '"H-NMR (400 MHz, CDCl,): J [ppm] =
2.33 (1H, br s, OH), 3.43 (1H, dd, J = 12.4 Hz, 4.0 Hz, CH,), 3.49 (1H, dd, J = 12.4 Hz, 8.2
Hz, CH,), 4.87 (1H, dd, J = 8.0 Hz, 4.0 Hz, CH-OH), 7.31-7.41 (5H, m, Ar). “C-NMR (100
MHz, CDCl,): J [ppm] = 58.0, 73.4, 125.9, 128.3, 128.7, 140.5. GC-MS (FI, 70 eV): m/z =
107 (100), 79 (98), 77 (70), 51 (24). The NMR data are in accordance with those obtained
for the racemic compound.
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Analytical methods

GC-FID analysis (achiral stationary phase): Conversions were determined by GC
analysis on a Shimadzu GC-2014 system using nitrogen as carrier gas and an Agilent CP-Sil 5
CB column (100% dimethylpolysiloxane stationary phase, 50 m X 0.53 mm X 1.0 um). The
following acquisition parameters were used:

Method A. Oven program: 60 °C for 0.2 min, 50 °C/min to 120 °C for 10 min, 50 °C/min to
320 °C for 1 min; total flow rate: 20 mL/min; injector temperature: 220 °C; detector
temperature: 350 °C; splitless injection.

Method B. Oven program: 60 °C for 0.2 min, 50 °C/min to 140 °C for 10 min, 50 °C/min to
320 °C for 1 min; total flow rate: 20 mL/min; injector temperature: 220 °C; detector
temperature: 350 °C; splitless injection.

Method C. Oven program: 60 °C for 0.2 min, 50 °C/min to 160 °C for 10 min, 50 °C/min to
320 °C for 1 min; total flow rate: 20 mL/min; injector temperature: 220 °C; detector
temperature: 350 °C; splitless injection.

Method D. Oven program: 60 °C for 0.2 min, 50 °C/min to 100 °C for 10 min, 50 °C/min to
320 °C for 1 min; total flow rate: 20 mL/min; injector temperature: 220 °C; detector
temperature: 350 °C; splitless injection.

The retention times of all analysed compounds are given in Suppl. Table 8:

Compound Method ¢, [min]
2-Chloroacetophenone (1a) A 5.8
2-Azidoacetophenone (2a) A 9.8
2-Azido-1-phenylethanol (3a) A 9.4
2-Amino-1-phenylethanol (4a) A 6.5
2,2-Dimethyl-5-phenyloxazolidine (5a) A 9.4
2-Bromo-4'-chloroacetophenone (1b) B 8.2
2-Azido-4'-chloroacetophenone (2b) B 10.2
2-Azido-1-(4-chlorophenyl)ethanol (3b) B 11.1
2-Amino-1-(4-chlorophenyl)ethanol (4b) B 8.0
5-(4-Chlorophenyl)-2,2-dimethyloxazolidine (5b) B 11.3
2-Bromo-4'-fluoroacetophenone (1c) A 7.4
2-Azido-4'-fluoroacetophenone (2c) A 8.9
2-Azido-1-(4-fluorophenyl)ethanol (3c) A 9.5
2-Amino-1-(4-fluorophenyl)ethanol (4c) A 6.5
2,2-Dimethyl-5-(4-fluorophenyl)oxazolidine (5¢) A 9.6
2-Bromo-4'-methylacetophenone (1d) B 7.5
2-Azido-4'-methylacetophenone (2d) B 8.9
2-Azido-1-(4-tolyl)ethanol (3d) B 7.9
2-Amino-1-(4-tolyl)ethanol (4d) B 5.9
2,2-Dimethyl-5-(4-tolyl)oxazolidine (5d) B 8.1
2-Bromo-4'-methoxyacetophenone (1e) C 7.9
2-Azido-4'-methoxyacetophenone (2e) C 9.1
2-Azido-1-(4-methoxyphenyl)ethanol (3e) C 7.7
2-Amino-1-(4-methoxyphenyl)ethanol (4e) C 6.0
2,2-Dimethyl-5-(4-methoxyphenyl)oxazolidine (5e) C 8.1
2-Bromo-1-(2-furyl)ethanone (1f) D 7.4
2-Azido-1-(2-furyl)ethanone (2f) D 9.6
2-Azido-1-(2-furyl)ethanol (3f) D 7.5
2-Amino-1-(2-furyl)ethanol (4f) D 4.6
2,2-Dimethyl-5-(2-furyl)oxazolidine (5f) D 7.3

Suppl. Table 8. GC-FID retention times (achiral stationary phase) of investigated compounds.
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GC-MS analysis (achiral stationary phase): GC-MS analysis was carried out on a
Shimadzu GC-2010 system coupled to a Shimadzu GCMS-QP2010S mass-selective detector,
using helium as carrier gas and a Varian FactorFour VF-1ms column (25 m X 0.25 mm X 0.4
wm). The following acquisition parameters were used: Oven program: 60 °C for 3 min, 15
°C/min to 315 °C for 2 min; linear velocity: 37 cm/s; injector temperature: 250 °C; ion source
temperature: 200 °C; interface temperature: 250 °C; ionisation energy: 70 eV; split ratio:
20/1. The retention times of all analysed compounds are given in Suppl. Table 9:

Compound t, [min]
2-Chloroacetophenone (1a) 9.5
2-Azidoacetophenone (2a) 11.9
2-Azido-1-phenylethanol (3a) 10.6
2-Amino-1-phenylethanol (4a) 9.7
2,2-Dimethyl-5-phenyloxazolidine (5a) 10.6
2-Bromo-4'-chloroacetophenone (1b) 11.8
2-Azido-4'-chloroacetophenone (2b) 12.1
2-Azido-1-(4-chlorophenyl)ethanol (3b) 12.3
2-Amino-1-(4-chlorophenyl)ethanol (4b) 11.6
5-(4-Chlorophenyl)-2,2-dimethyloxazolidine (5b) 12.4
2-Bromo-4'-fluoroacetophenone (1¢c) 10.1
2-Azido-4'-fluoroacetophenone (2c) 10.5
2-Azido-1-(4-fluorophenyl)ethanol (3c) 10.6
2-Amino-1-(4-fluorophenyl)ethanol (4c) 10.0
2,2-Dimethyl-5-(4-fluorophenyl)oxazolidine (5c) 10.7
2-Bromo-4'-methylacetophenone (1d) 11.4
2-Azido-4'-methylacetophenone (2d) 11.8
2-Azido-1-(4-tolyl)ethanol (3d) 11.5
2-Amino-1-(4-tolyl)ethanol (4d) 10.8
2,2-Dimethyl-5-(4-tolyl)oxazolidine (5d) 11.6
2-Bromo-4'-methoxyacetophenone (1e) 12.9
2-Azido-4’-methoxyacetophenone (2e) 13.2
2-Azido-1-(4-methoxyphenyl)ethanol (3e) 12.7
2-Amino-1-(4-methoxyphenyl)ethanol (4e) 12.1
2,2-Dimethyl-5-(4-methoxyphenyl)oxazolidine (5e) 12.9
2-Bromo-1-(2-furyl)ethanone (1f) 8.8
2-Azido-1-(2-furyl)ethanone (2f) 9.3
2-Azido-1-(2-furyl)ethanol (3f) 8.7
2-Amino-1-(2-furyl)ethanol (4f) 7.8
2,2-Dimethyl-5-(2-furyl)oxazolidine (5f) 8.7

Suppl. Table 9. GC-MS retention times (achiral stationary phase) of investigated compounds.

GC-FID analysis (chiral stationary phase): The enantiomeric excess of compounds 3a
and 3f was determined by GC analysis on a Shimadzu GC-2010 system using helium as carrier
gas and an Astec Chiraldex G-TA column (2,6-di-O-pentyl-3-trifluoroacetyl-derivatised -cyclo-
dextrin stationary phase, 50 m X 0.25 mm X 0.12 um). The following acquisition parameters
were used:

Method A. Oven program: 80 °C for 1 min, 15 °C/min to 135 °C for 21 min, 15 °C/min to
170 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 200 °C; detector
temperature: 220 °C; split ratio: 75/1.

Method B. Oven program: 80 °C for 1 min, 15 °C/min to 115 °C for 21 min, 15 °C/min to
170 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 200 °C; detector
temperature: 220 °C; split ratio: 75/1.
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The retention times of both compounds are given in Suppl. Table 10:

Compound Method t, (R) [min] ¢, (S) [min]
2-Azido-1-phenylethanol (3a) A 24.4 24.8
2-Azido-1-(2-furyl)ethanol (3f) B 21.7 22.1

Suppl. Table 10. GC-FID retention times (chiral stationary phase) of compounds 3a and 3f.

For chiral-phase GC analysis of 1,2-amino alcohols 4a-f, samples were converted into the
corresponding dimethyloxazolidines 5a-f: The amino alcohol (5 mg) was dissolved in
acetone (1 mL), MgSO, (10 mg) was added, and the reaction mixture was shaken on a
Thermoshaker at room temperature for 2 h. The solid was removed by centrifugation, and the
supernatant was transferred to a GC vial for analysis.

The enantiomeric excess of compounds 5a-f was determined by GC analysis on a Shimadzu
GC-2010plus system using helium as carrier gas and an Agilent CP-Chirasil-DEX CB column
(dimethylpolysiloxane-bonded [-cyclodextrin stationary phase, 25 m X 0.32 mm X 0.25 um).
The following acquisition parameters were used:

Method A. Oven program: 60 °C for 0.1 min, 15 °C/min to 150 °C for 14 min, 15 °C/min to
240 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 250 °C; detector
temperature: 275 °C; split ratio: 75/1.

Method B. Oven program: 60 °C for 0.1 min, 15 °C/min to 160 °C for 20 min, 15 °C/min to
240 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 250 °C; detector
temperature: 275 °C; split ratio: 75/1.

Method C. Oven program: 60 °C for 0.1 min, 15 °C/min to 155 °C for 14 min, 15 °C/min to
240 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 250 °C; detector
temperature: 275 °C; split ratio: 75/1.

Method D. Oven program: 60 °C for 0.1 min, 15 °C/min to 180 °C for 14 min, 15 °C/min to
240 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 250 °C; detector
temperature: 275 °C; split ratio: 75/1.

Method E. Oven program: 60 °C for 0.1 min, 15 °C/min to 130 °C for 14 min, 15 °C/min to
240 °C for 2 min; linear velocity: 20 cm/s; injector temperature: 250 °C; detector
temperature: 275 °C; split ratio: 75/1.

The retention times of all analysed compounds are given in Suppl. Table 11:

Compound Method t, (R) [min] ¢, (S) [min]
2,2-Dimethyl-5-phenyloxazolidine (5a) A 16.2 17.0
5-(4-Chlorophenyl)-2,2-dimethyloxazolidine (5b) B 24.5 26.6
2,2-Dimethyl-5-(4-fluorophenyl)oxazolidine (5c) A 17.3 18.2
2,2-Dimethyl-5-(4-tolyl)oxazolidine (5d) C 19.2 19.9
2,2-Dimethyl-5-(4-methoxyphenyl)oxazolidine (5e) D 17.5 18.3
2,2-Dimethyl-5-(2-furyl)oxazolidine (5f) E 13.9 14.6

Suppl. Table 11. GC-FID retention times (chiral stationary phase) of compounds 5a-5f.

HPLC analysis (chiral stationary phase): The enantiomeric excess of compounds 3b-d
was determined by HPLC analysis using a setup consisting of an Alltech Elite degassing
system, a Waters 515 HPLC pump, a Waters 717plus autosampler, a Chrompack SpH 99
column thermostat, and a Shimadzu SPD-10A UV-Vis detector. Separations of were performed
on a Daicel Chiralcel OD column (cellulose tris-3,5-dimethylphenylcarbamate stationary
phase, 250 mm X 4.6 mm X 10 wm) using n-heptane/2-propanol (95/5) as eluent. The
following acquisition parameters were used: Column temperature: 25 °C; flow rate: 0.5
mL/min; detection wavelength: 254 nm.
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The retention times of all analysed compounds are given in Suppl. Table 12:

Compound t, (R) [min] ¢, (S) [min]
2-Azido-1-phenylethanol (3a) 26.0 28.7
2-Azido-1-(4-chlorophenyl)ethanol (3b) 21.8 25.6
2-Azido-1-(4-fluorophenyl)ethanol (3c) 19.6 21.9
2-Azido-1-(4-methylphenyl)ethanol (3d) 21.8 26.4

Suppl. Table 12. HPLC retention times (chiral stationary phase) of compounds 3a-3d.

The enantiomeric excess of 3e was determined by HPLC analysis on the same system, using a
Daicel Chiralpak AD-H column (amylose tris-3,5-dimethylphenylcarbamate stationary phase,
250 mm X 4.6 mm X 5 um) and n-heptane/2-propanol (98/2) as eluent. The following
acquisition parameters were used: Column temperature: 40 °C; flow rate: 1.0 mL/min;
detection wavelength: 254 nm. Retention times: 61.0 min (R), 65.2 min (S).

The enantiomeric excess of tembamide was determined by HPLC analysis on the same system,
using a Daicel Chiralpak AD-H column (amylose tris-3,5-dimethylphenylcarbamate stationary
phase, 250 mm X 4.6 mm X 5 um) and n-heptane/2-propanol (90/10) as eluent. The
following acquisition parameters were used: Column temperature: 25 °C; flow rate: 0.3
mL/min; detection wavelength: 254 nm. Retention times: 82.9 min (S), 86.5 min (R).

Determination of absolute configuration: The absolute configurations of azido alcohol
3a, amino alcohols 4, and tembamide were determined from the sign of their optical rotation.
The absolute configurations of the remaining azido alcohols 3 were determined by elution
order analogy (chiral-phase GC or HPLC) and from the absolute configurations of the
corresponding amino alcohols 4.

Transmission electron microscopy (TEM): TEM measurements were performed under
vacuum using a 109 Zeiss EM equipped with built-in electromagnetic objective lenses and a
camera. Samples of Pd nanoparticles were prepared by diluting the NP stock solution 10-fold
with ultrapure water and placing 5 uL of the resulting solution onto 3 mm, 300 mesh,
formvar/carbon nickel grids (Agar Scientific Ltd.), with the necessary time allowed for the
evaporation of the solvent at room temperature (24 h).

Dynamic light scattering (DLS): The particle size distribution of Pd-NPs was determined
on a Malvern Zetasizer Nano ZS instrument using the diffractive index of Pd for particle size
calculation. Samples of Pd nanoparticles were prepared by diluting the NP stock solution
1000-fold with ultrapure water and filtering it through a syringe microfilter.

X-ray diffraction (XRD) spectroscopy: XRD analysis was performed on a Rigaku
Miniflex II automated power XRD system (Cu Ka radiation, 45 kV, 100 mA). Diffraction data
were recorded using continuous scanning at 3°/min, with 0.010° steps. Samples of Pd
nanoparticles were prepared by concentrating the NP stock solution to dryness and placing
the resulting solid powder on the glass plate of the instrument.

UV-Vis spectroscopy: UV-Vis spectra were recorded on a Jenway 6505 spectrophotometer,
using a quartz cuvette of 0.1 cm path length, and an acquisition range of 200-600 nm.
Samples of Pd nanoparticles were prepared by diluting the NP stock solution 5-fold with
ultrapure water.
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Chromatograms and spectra of isolated products

"H-NMR spectra, >C-NMR spectra, MS spectra, and chiral-phase GC chromatograms (as 2,2-
dimethyloxazolidine derivatives) are provided for the following compounds:

(R)-2-Amino-1-phenylethanol (4a), obtained by the two-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-phenylethanol (4a), obtained by the two-step one-pot sequence on 5 mL scale
(R)-2-Amino-1-(4-chlorophenyl)ethanol (4b), obtained by the two-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-chlorophenyl)ethanol (4b), obtained by the two-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(4-fluorophenyl)ethanol (4e¢), obtained by the two-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-fluorophenyl)ethanol (4¢), obtained by the two-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(4-tolyl)ethanol (4d), obtained by the two-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-tolyl)ethanol (4d), obtained by the two-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(4-methoxyphenyl)ethanol (4e), obtained by the two-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-methoxyphenyl)ethanol (4e), obtained by the two-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(2-furyl)ethanol (4f), obtained by the two-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(2-furyl)ethanol (4f), obtained by the two-step one-pot sequence (5 mL scale)

(R)-2-Amino-1-(4-chlorophenyl)ethanol (4b), obtained by the two-step one-pot sequence (gram scale)

(R)-2-Amino-1-phenylethanol (4a), obtained by the three-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-phenylethanol (4a), obtained by the three-step one-pot sequence on 5 mL scale
(R)-2-Amino-1-(4-chlorophenyl)ethanol (4b), obtained by the three-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-chlorophenyl)ethanol (4b), obtained by the three-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(4-fluorophenyl)ethanol (4¢), obtained by the three-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-fluorophenyl)ethanol (4c), obtained by the three-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(4-tolyl)ethanol (4d), obtained by the three-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-tolyl)ethanol (4d), obtained by the three-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(4-methoxyphenyl)ethanol (4e), obtained by the three-step one-pot sequence (5 mL scale)
(S)-2-Amino-1-(4-methoxyphenyl)ethanol (4e), obtained by the three-step one-pot sequence (5 mL scale)
(8)-2-Amino-1-(2-furyl)ethanol (4f), obtained by the three-step one-pot sequence (5 mL scale)
(R)-2-Amino-1-(2-furyl)ethanol (4f), obtained by the three-step one-pot sequence (5 mL scale)

(R)-2-Amino-1-(4-fluorophenyl)ethanol (4¢), obtained by the three-step one-pot sequence (gram scale)

The 'H-NMR spectrum, C-NMR spectrum, MS spectrum, and chiral-phase HPLC chromato-
grams are provided for (S)-tembamide, as obtained by the four-step one-pot sequence.

NOTE: A peak at 50 ppm is present in all ">*C-NMR spectra, in some cases in phase with the
other signals, in some cases out of phase. This signal is an acquisition artefact of unknown
origin, and was disregarded in the interpretation of all spectra.
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-phenylethanol (R)-4a: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

RRER83&88 8833 5838388 &
NNNNNNNN T AaadNNNNN N
e - = == |
H-2 (dd
OH 2.80
H-1 (dd) H-2' (dd
NH, 4.62 2.95
(R)-4a /
| J //
b Ll
il
") A
4 'z 3L T
& e S S =
n — — ™
o0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1t 1 05
1 (ppm)
(R)-2-Amino-1-phenylethanol (R)-4a: "*C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
3 ane i N
g SRR 5 g
— o <
NP%
OH
NH,
(R)-4a
1“90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘( éC 7‘C éC S‘C 4‘( 3“(: ‘ ‘

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-phenylethanol (R)-4a: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

2000004 o OH

NH,
] (R)-4a

100000+

51
107

‘| 63
A |

[rrr T

30 40 50

m'z

(R)-2-Amino-1-phenylethanol (R)-4a: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)

3000(-

OH
NH,

(R)-4a

18
min

“racemic” sample (ee = 30%):

.
-S-phenyloxazolidine
=5

L
dimethyl
168K /(812 2-dimetbb-5=Tiheny loazolidine

1
5729/ (R 2 2-dimethy
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-phenylethanol (S)-4a: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

SRR RSRIN 8833 LIRBLRR A
NNNNNNN T AaNNNNNN N
—_— ) 2 i (2|
H-1 (dd) H-2 (dd)
QH 4.62 2.80
_NH,
©/(5:;
)
J ]
ry ‘2" 47 P
N < aQ < “
wn — o ™
9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 S‘.O 4‘.5 4‘.0 3‘.5 3‘.0 2.5 2‘.0 1‘.5 1‘.( d.S
1 (ppm)
(S)-2-Amino-1-phenylethanol (S)-4a: "*C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
@ a0 3 0
N2
OH
A _NH,
(5)-4a
|
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘( éC 7‘C éC 5;0 4‘( :';C Z‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-phenylethanol (S)-4a: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

g
g

79

g

51

g
g

107

T
30

(S)-2-Amino-1-phenylethanol (S)-4a: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)

300004

Enyloxazolidine

(¥
L
(=}
=
i
metlybspiieny

2-4i
S '
A
[
=2
I
N

“racemic” sample (ee = 30%):

18

min

.
yl-5-pheny loxazolidine
=5

L
dimethyl
168K /(812 2-dimetbb-5=Tiheny loazolidine

L
5,729/ (R}¥2 2-dimef

m'z
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

NOo DN Wn QON WO MNM=0Og M- (=
(R ENN L n AONRNNKN @
NN N <+ NANANON N o~
N N SN
H-Ar-m (d) H-2' (d)
7.31 2.92
H-Ar-0 (d) H-1 (dd) H-2 (dd)
OH 7.26 4.57 2.73

o f ///

£2

J

Lomh

e <
- o

2.0

| o]

T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

T T T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.t 1.0
1 (ppm}

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

0.5

™ T =M

— DRLEN — @

= o 0 IN n =

< RS RN I e

- A N <
[N

OH
NH,
a (R)-4b
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9C 8C 7C 6C 50 4C 3C 2C 10

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

8000004
3 77 OH
7000003
3 NH,
600000
500000_5 a (R)-4b
400000—
300000—?
200000 T
100000_5 - 141
3 ‘ 63 ‘ ‘ 89 111 139
EI""""'I4=1'II'""'I'!!"""'II!J':' '|"!'|"|'!|"' f '|I|'|"'""'I""I'""III"'l"I"'I""'I'"'I""""!I"I!"""I'""""I""""'Ilﬂ'"""I
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m'z
(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
60000-]
] OH
50000+ NH,
40000 cl (R)-4b
30000
200004
: J
10000 ‘I
J " y
0{ e ]
] T [ T [ T T
22 23 24 25 26
min
racemic sample:
25000 , %
] f}\
] N\ / £
20000-| [ % A
] / A
i I‘I E | z
4 | : \\ f \
15000 | 3 |
] [ |
] 2 \
i | & ||
10000 [ = |
] | |
- ‘|‘ |
5000 f /
i i
4 I|
S i N
] R T T T T
22 23 24 25 26
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: 'H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

M =N QO 0N ~ & NN o
Mmoo ownuwmtr (o)} NNNDN N
SRR el et ) ANedan N
g QOB RGRGR .
H-Ar-o (d] H-2 (dd
7.28 2.74
OH H-Ar-m (d) H-1 (dd) H-2' (d)
z 7,32 4.59 2.96

78 ey g 2

SRS} S S o )

NN — — — o~
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.f 1.0 0.5

(S)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

@ <+ = m
S RRREN ) @
= o 0N < -
< M NN « Q
- PR ~ <
(N
OH
/©/\/ NH,
a (5)-4b
n " " i ™
o Al
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9 8C 7C 6C 50 4C 3C 2C 10

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-chlorophenyl)ethanol (S)-4b: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

2000004
OH

77

1000004
i 51
] 113 141
1 83 89 111 139
I....,....'451!!!.....I.!!.....'.I.'.I.l.i. |--!-|!-| "!I' I..'..ll'.'. I | || I 1 : .!I'.I.l. I : Ilﬂ : I
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m'z
(S)-2-Amino-1-(4-chlorophenyl)ethanol (S)-4b: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
60000 . : OH
] / \i H
] : NH,
50000 | E\
1 EA /@/\/
] [2 -4b
40000 | £ \,. d )
i E o\
] [ 4\
30000 |2\
] [ =
] ] \
] | ' \\
20000} |
|
10000+ |‘I
4 ]
] / The—
g .
) T T T T T
22 23 24 25 26
nmn
racemic sample:
250004 N
] ;E
] /\7_ / E\
20000-| [ % [ 3\
b | x [ \
i [ 4 | A
1 | =\ I‘
] | |
15000 | 3 \\ \
| f o\ |
i | = |
4 | &
4 | e II
10000 [ = \ |
] I| ‘u‘l
5000-| | f
4 I|
S e
| | T . | .
22 23 24 25 26
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4¢: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

N—OQW N =
nMNNQSQ Qinwnr
NINNNNNN T T
H-Ar-m (t)
7.03
H-Ar-o (dd; H-1 (dd)
7.31 4.58
OH
NH,
F (R)-4c
1
T g g
I o~ -
T T T T T T T T T T
9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
1 (ppm:

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4e¢: *C-NMR spectrum

product obtained by the two-step one-pot sequence (5 mL scale)

oo} 3; Mo o0 o
SE=N Rl n 3 o
m o o 0 INEN wn n
&3 a @ ENEN a9
532 a9 e jaipa}
|1 v v N
C-Ar-i (d;
138.32
C-Ar-p (d] C-Ar-o (d} C-Ar-m (d)
162.1€ 127.4€ 115.1¢
OH
NH,
F (R)-4c

73.60
49.30

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9C
f1 (ppm}

Electronic Supplementary Information (ESI)

p.31of 77



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4c: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

6000003 i OH
NH,
500000
F (R)-4c
400000
E 77
3000003
3 125
200000
E 51
1000004 - ‘ 109
EI' : 4,1]!” .:l‘.!l..:..'!i.'!!....!.l!.'.:!..l!.|!..|.....I|.'...'..‘ .|.|.'...:..|!.i. --|=-'-‘!|$--|---|'-'-'-|--- S 17‘5 -
30 40 50 60 70 80 90 100 110 120 130 140 150
m'z
(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4¢: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
] 3 OH
] F'\'wf
_ - NH,
75000 II j
i I‘ hal F (R)-4c
- Bl
50000 [ 2\
i -
] | = I".
4 | \
25000 \
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i |
] | \\
00— _— e
T | T T | T T T | T T
15 16 17 18 19
min
racemic sample:
50000 | & f 3
| & | %
l [ ¥ [ 3
[ 4 |
T | 3 [ 3
| & 2\
] 2 | 3\
| <\ ‘é \
25000 | || 2 \.,
l I‘ \ \
|
b |
|
o] II
] ," :
2 ) T e
. T . T T .
15 16 17 18 19
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4¢: 'H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

aRAL33 38R 3 SRIFRRELRA
NININNNN <+ ¥ T NANNNNNNNN
N\ - e e
H-Ar-m () H-2 (dd
7.03 2.75
H-Ar-o (t) H-1 (dd) H-2' (dd
7.31 4.59 2.94
OH
/O/:\/ NH,
F (S)-4c
] Il
J d . J J
PN '3 T d
- o S S o S
o o~ — - o ™
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.t 1.0 0.5
1 (ppm)
(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4¢: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
[o\"e} Mmoo (=2 o Q
(LRl 0@ n < Mo 2 2
|1 N v N
C-Ar-i (d;
138.31
C-Ar-p (d] C-Ar-o (d} C-Ar-m (d)
162.17 127.4€ 115.2C
OH
/O/:\/ NHZ
F (S)-4C
|
‘ ' AL Il n | " J A | | A "
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9 8C 7C 6C 50 4C 3C 2C 10

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4c: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

] 97 OH
200000 /@/\/NHZ
1 F (S)-4C
] 77
100000 125
] 51
‘ S
ek ..i4!1.|!!:...:!.!:.,:.:!i.'!l.,..!.l!!.:!,.'.!:|!..|.,...!|.'...',. I'I'l"'l"l!'i""""' :.'.!,.'3.5..|....I.'.'..|....,....|....1,5>....|
30 40 50 60 70 80 90 100 110 120 130 140 150
m'z
(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4c: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
75000+ “Té QH
| [} A _NH,
| ‘ E /O/\/
| E ; (5)-4c
50000
1 |
| |
] | 8 \
25000 | \
J | \
- | \\
i |
| .
o _ B e
. L s L B S
15 16 17 18 19
min
racemic sample:
T nk g
50000 | € |}
I [ X 3 -i
[ 4 [ =\
1 3 |3
i %‘II ‘ % I‘I
1 ‘l :Jﬂl | :4: I‘\
i | £
25000 || B \.,
\
l | \
|
i | |
4 | |
N ,‘I :
= i, e
T T T I [ !
15 16 17 18 19
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: 'H-NMR spectrum

product obtained by the two-step one-pot sequence (5 mL scale)

PNENAS 8RR LE FRFIRR 8 2
NN~ <+ NaNNN~ N
~N N S~ \
H-Ar-m (d) H-2 (da
7.16 2.79
H-Ar-o (d} H-1 (dd) H-2' (d)
7.23 4.58 2.93
OH
NH,
(R)-4d
L !
J | |
J N
£ 4 EY R
9 S oS = &
NN - o - ™M N
9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.( (;.5
1 (ppm)
(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
gy 88 3 3 2
&8 A4 X g ]
I [
OH
NH,
(R)-4d
|
|
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘C éC 7‘C éC S‘C 4‘( :’;C Z‘C 1‘0
1 (ppm)
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

600000
500000

400000

300000

200000

100000 T

OH

(R)-4d

151
I|||

NH,

:|----|---
50 60 70

30 4

(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)

41
'|" T '|"‘|
T T f T T T T
0 30

150

=

2 2-dimetlsy =Tl oxazolidine

OH

(R)-4d

21

min

iy 5 -tolyhosazalidine

8,148/ (R)-2.2

21

min

m'z
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: 'H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

O ¢ 0O N =
Ne A © % on
NNMNN <+ ¥ T
H-Ar-m (d)
7.17
H-Ar-0 (d] H-1 (dd)
7.25

4.60
OH

1.98

[ S S
Qe < “ N
9‘0 8‘.5 8‘.0 7‘ 5 6‘ 5 6‘.0 5‘ 5 5‘0 4‘ 4‘.0 3‘.5 3‘.0 2‘.5 2.0 1.C 0‘.5
1 (ppm)
(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: >C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
22 23 5 . .
&h 24 S g 8
I I
OH
A__NH,
(5)-4d
‘ 1
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘C éC 7‘C éC 5;0 4‘C ‘ ‘ ‘

f1 (ppm}

Electronic Supplementary Information (ESI)

p.37 of 77



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

2000000 121 OH
] 77 (5)-4d
1000000
__ 65
] 51
1 41 ‘ 107 ‘
_|""""|'|” !ll t "|'!'|"""'|" 'i""ll""""!l'I'|'""|""'|'|"|""""|!'|| T --|-1-'3'?-. RARAL "|1"S?"" T
30 40 50 60 70 80 90 100 110 120 130 140 150
m'z
(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
50000 3 OH
] & A _NH,
40000 3
. || 1 (5)-4d
] g
30000-] Il
] I
20000+ | |
1 | 4
i | \
] | \
10000+ I\
i II‘ —
D—_ - ——
i T T T T T I
17 13 19 20 21
min
racemic sample:
750004 :
i ng
. [
I B
4 | E
i b
50000+ | &
4 | %.I",
E | =&
i | I'&
- | '\
250004 \
] |\
|
4 I‘II
o4 J — -
7 T T T T T T
17 18 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

on — Q) Q0N — DOV M- O D g
[N} o ounuwmr @ QOO W WO N
NN ©¢6 <+ ) ANNANNNAA -
NN ~ = == \
H-Ar-m (d) H-2 (dd)
6.90 2.80
H-Ar-o (d; H-1 (dd) H-2' (dd}
OH 7.29 4.59 2.97
NH, (
MeO (R)-4e J
Iy
[ |
|
R e g AN 4
< o S S S 9 @
o~ - — (2] ~— o ™
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1. 1. 0.5

4.5
f1 (ppm)

(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

fo) o~ fo) ™

=] © =] @ =] @®

o)} < IN © ol N N

n ) ] — < [T ]

- - ] = ~ n ¥
(.

OH
NH,
MeO (R)-4e

WMMMWWWWWMWW AN AN

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9C 8C 7C 6C 50 4C 3C 2C 10
f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: MS spectrum

product obtained by the two-step one-pot sequence (5 mL scale)

1 OH
1 137
- NH,
i MeO (R)-4e
1000000
T 77 5 109
i 66
b 51 ‘
i e i, .I||. || L1y AN L .|‘| il
[N LA LA AL A AR R NN LA IR LA MR AN AL DAL LA R A AR R AR I
30 40 50 60 70 80 90 100 110 20 130 140 150 160 170
m'z
(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
6000+ 5
1 3 OH
5000-] ,’/\% NH,
] | 3
i | 2
] [ E\
4000 |3\ MeO (R)-4e
3000 [
2000-] I.‘ z
4 |
] ‘u'
1000 |
] ,' S
i_7777_7 e aigiane oo Sevtgormmpinpele et _}L——f__i__i_i_—i__i_i__ e i o
i
] | | ]
13 19 20 21
min
racemic sample:
100000-] [
] g j' ﬂ=.
75000-] [ 3
50000 ; "\,‘
] [ \
25000 [ \\
ol / S
] | |
13 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: 'H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

[Ny

O ¢ NOLKr Q NIV ON W O

N o @ rwnurw.uw @ DO WWOWONDNN

NN ©6 < ™ NaNNNNe N

NN N ——\ |

H-Ar-m (d) H-2 (dd
6.88 2.78
H-Ar-o (d} H-1 (dd) H-2' (dd}
OH 7.25 4.55 2.90
/©/-\/NH2
MeO (5)-4e
i
LI |
_UkA_JJU{tJL
e

PR g P 4'd 4

- < < < e < <

o~ o~ — (32} o ™
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 X 4.5 4.0 3.5 3.0 2.5 2.0 1.t 1.C 0.5

1 (ppm}

(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: >*C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

159.03
134.77
127.10
113.80
74.09

— 55.27
—49.31

T T
100 9
f1 (ppm}

T T T T T T T T
180 170 160 150 140 130 120 110
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: MS spectrum

product obtained by the two-step one-pot sequence (5 mL scale)

5000000 -
E A NH
4000001 f /©/\/
3 MeO (5)-4e
3000000
2000000—; - 94 109
1000000
E N 66
3 il ‘
:I" ""'ﬂ""""l'!!""'"I"!'I'|""'I""""”II'"""'I!!I'!'"'I"'"I'!"'I""""'Il'%}"' "|""'|‘ L ARRE RARAS AR RRARS L 'l?Tl ARRAN
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m'z
(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
50000-] 2 OH
d 3 =
: N
1 | £
40000 | £
] [ 3 MeO (5)-4e
i -1
30000 |' £\
] [ 3\
] 2
i [ 2\
20000 fi 3@,
] g\
4 |
_ L\
10000+ | \
] |
1 / o S
0 - o / e T ]
| . | . T -
18 19 20 21
min
racemic sample:
100000-] Poad
] [ %
_ | 3
750004 [ 3
50000 Z "\,‘
] g\
: ‘| I‘\
25000 [ \
] | \
O___ / e ]
| T T . ;
18 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

B8 MR 8383 35 Q
NN [CRRRtRt-NV-} < N ~
W e L 2
OH
0] NH, H-Ar-3 (d
6.24
H-Ar-5 (d] H-Ar-4 (dd H-1 (8) H-2 (d)
(S)-4f 735 632 4.61 2.98
J ) y
-
& H g S
o o o — o~ ™
9‘0 8‘5 8‘0 7‘5 7‘.0 6‘5 6‘0 5‘5 5‘0 4‘ 4‘0 3‘5 3‘0 2‘.5 2‘0 1“ 1‘( 0‘5
1 (ppm)
(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
¢ & EI @ —
a g S g 3 g
— — - - O <
(.
OH
o) NH,
(S)-af
. .l Wi b N | | | N PO "
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘C éC 7‘C éC S‘C 4‘( :';C Z‘C 1‘0

f1 (ppm}

Electronic Supplementary Information (ESI) p. 43 of 77



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

1200003
3 4 OH
110000
100000+ o 0 NH,
90000 \
800004 (5)-4f
70000-
600004
50000
40000- 6
30000 2
20000 . 127
10000
II‘ ||!‘|‘||I|||I! e
30 40 50 60 70 80 90 100 110 120
m'z
(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
1 _Z OH
300004 [\& o] NH,
4 I F'(
1 | i (5)-4f
] ]
20000 B
| | Z|
A =1
] |
10000-] ‘| \
] |
] \ \
|
i ‘| \\
0 | — o
| S— -y e
| . T . T T .
12 13 14 15 16
min
racemic sample:
5000 g | §
| £ |
_ B
| 4
1 | & E
4 | 5& | ;.I\
2500 [ 4 [ =
_ [ | \
1 [ ‘I
] [\
1 N |‘| \
| \ |
g | d N o
‘,' ‘f e NS
I ]
. T T . T
12 13 14 15 16
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: '"H-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

B8R 288883 R 88 b
NNNN [CRRRtRtNV-} <+ & M o
OH - BB L »
0 - NH, H-Ar-3 (d}
-Ar-5 (dd} -Ar-4 (dd; H-1 ( H-2 (d)
(R)-4f e 25( : Ae.gz( 4.1620 3.00
r j
y J
[/ N
T 'y =y T4
S SS9 S o S
9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘ (0] 2‘.5 2‘.0 1‘.5 1‘( 0‘5
1 (ppm)
(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: *C-NMR spectrum
product obtained by the two-step one-pot sequence (5 mL scale)
5 8 9 8 2 =
i g 58 3 ¢
OH
@/:V "
(R)-4f
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘[ éC 7‘C éC S‘C ‘;C I;C Z‘C 1‘0
1 (ppm)
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: MS spectrum
product obtained by the two-step one-pot sequence (5 mL scale)

- u OH
98 <oj/:\/NHZ
97 \ I
10000 (R)-4f
6
43
‘ 127
81
I : '!"I !‘!!Il.l.!I.I..,|.|!|.||. .I'.'.Ill.l.l. I| .II....,....I...1}4,....|...., 'I
30 40 50 60 70 80 100 110 120
m'z
(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (5 mL scale)
40000 : OH
1 [ 0 . NH,
30000 [ 3 (R)-4f
] 3
] | 2|
200004 ‘| ; \
. \
] |
10000+ |
i |
|
1 |
] , _
(H ."__7 e ]
A . L T
12 13 14 15 16
min
racemic sample:
] ;E fl I":%
50001 3 | &
| £ |
_ B
| [
1 R E
T | & [ &l
2500 [ 4 [ =
. [ [\
| R
] [\
| [ |
| \ |
0 | \ I\I
1 II‘ \\j_f N
4 . _—‘;‘7—_7__7_7 o —— —_—
' T T |
12 13 14 15 16
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: '"H-NMR spectrum

product obtained by the two-step one-pot sequence (gram scale)

-0 QXN 0L NTONWL O OM
M AN~ nruwmr O WONNDNNTT
INENFNEN EE NNANNN~ NS
~ 2 ) e
H-Ar-o (d] H-2 (dd
7.25 2.72
H-Ar-m (d) H-1 (dd) H-2' (dd}
OH 2.30 4.56 2.89
|
NH,
a (R)-4b /’

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: *C-NMR spectrum

product obtained by the two-step one-pot sequence (gram scale)

@« mom

= 00N n -
< RS RN @ e
- PR I ~ <

OH
NH,

a (R)-4b

LTem———— A

T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 aC 8C 7C 6C 50 4C 3C 2C 10
f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: MS spectrum

product obtained by the two-step one-pot sequence (gram scale)

4000000
] v OH
] NH,
3000000
: q (Rt
2000000
1000000 3l
E 13 141
] ‘ 6 ‘ ‘ 89 m 139
S 1 Ty | 11 o TSSO UOOT VOSSN PRV AUO 1  EN B
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m'z
(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: chiral-phase GC chromatograms
product obtained by the two-step one-pot sequence (gram scale)
1 : OH
17500 2
1 /E NH,
’ [ 2
1 [ #\ (R)-4b
15000 [\ d
- A
| | \
| L2
12500 | & \
7 |
- |I
10000 ."I
4 | H‘—k-;,_,_k
1 I S~ e
7500
T T T T T T T
2 2 24 25 26
min
racemic sample:
25000 _3
] ‘f\i
il /\-_ | 2
20000-] [% | 3\
: 5 [ 3\
1 |I 3 I‘
1 | |
15000 | = \ \
1 [ &\ !
] [ |
4 | = |
] | & |
10000 [ = \ .‘
: I‘I ‘I‘I
50004 | /
4 |
4 I|
ol ) s
| I T T I T
b 23 24 25 26
min
p. 48 of 77

Electronic Supplementary Information (ESI)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-phenylethanol (R)-4a: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

OO ] XN Moy QOOVWLM =W O

MmMnMmaN~ O 0 O OO WWAON

NNNKNKNN FEE ST NNNNNNNN ®

i - = |
OH H-2 (dd
2.81
NH, H-1 (dd) H-2' (dd

(R)-4a /

4.63

S/

E

o - N —
@ S 9 N
wn - (2]
9‘ 0 8‘.5 8‘ 0 7‘.5 7‘ (0] 6‘.5 6‘ (0] X 4‘.5 4‘.0 3‘.5 3‘.0 2‘ 5 2‘.0 1‘.5 1‘ C d 5
1 (ppm)
(R)-2-Amino-1-phenylethanol (R)-4a: "*C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)
3 AN o N
N
OH
NH,
(R)-4a
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘00 9‘( éC 7‘C éC 5;0 ‘;C :';C Z‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-phenylethanol (R)-4a: MS spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

12000003
11000003 . OH
1000000+ NH,
900000-
800000- (R)-4a
700000
6000003
500000+
400000+ a1 -
3000003
200000 o
100000 ‘ 63 ‘ ‘ 118
[ 'i4!1!="' || Ill,!I - Iy I|"""'|II'= .|.."||.|...,..'.'.'I..., -
30 40 50 60 70 80 90 100 110 120
m'z
(R)-2-Amino-1-phenylethanol (R)-4a: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
20000 N OH
] ‘;‘ F NH,
*
15000 |I _;;
E ‘l & (R)-4a
i [ =)
] | 5|
10000+ [
- | "I‘
] | \
] | \
5000+ |
4 | \
q |
i | ~
- TT—
T T T T
15 16 17 18
min
_ “racemic” sample (ee = 30%):
15000+
125004 £ [ &
] ? ||‘ g
10000 ? [ 2
1 [ H
; ;: |I * I‘ﬂ
7500 2 I‘ \
g = |
j ff\\ II \
5000 [\ ‘ \
1 S | \
= ‘| ‘I \
] [ |
" | \ | \
] "" /
1 / —~_ —
Oi _ B p' S __7__7:—_i S
250040 —— :
15 16 17 18
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-phenylethanol (S)-4a: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

Yo anN m%MN
oA R
NINNND™ < T T
—\ 2

H-1 (dd)

e}
T

4.64

NH,

£}

[}
<
~

\

~N
[T}
9‘ 0 8‘.5 8‘ 0 7‘.5 7‘ 0 6‘.5 6‘ (0] 5‘.5 ‘. 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.( d.S
1 (ppm)
(S)-2-Amino-1-phenylethanol (S)-4a: "*C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)
@ 08 3 9
N
OH
A _NH,
(5)-4a
,, : “
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘( éC 7‘C éC 5;0 ‘;C :';C 2‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-phenylethanol (S)-4a: MS spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

700000
3 79 OH
6000003 2
3 NH,
S‘IDOO—E ©/\/
(5)-4a
400000
3000003
3 51 107
2000004
100000 s
3 63
E .4|1|| ‘“ . ||.| | | [ ||‘|| |1}S.
I L L P O LA L N B L L B L B DL DL L L |
30 40 50 60 70 80 90 100 110 120
m'z
(S)-2-Amino-1-phenylethanol (S)-4a: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
] 5 OH
10000 | § NH;
E 3 (S)-4a
5000
07
T T T T T
15 16 17 18
min
“racemic” sample (ee = 30%):
15000+
12500 % [
] g | 3
100004 E | &
4 & [
E g II E I‘w
7500 [ &)\
4 = | 2\
] J'f\\ |I \\
50004 [ ‘ \
H| | \ | \
1 ' | \
o | |
2500+ / \ f
1 .‘il‘ - }F“ \
0__ _ B F' e oy :_:—L_ S
2500 . —_—— . :
15 16 17 18
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

[wEsE2EN — Qg DOWYWLW OOV M M
RN ©Qnin QRN ARNNNN N
NINND™ <+ T T NANANNNNNN N
~ N =/ ==
H-Ar-o (d} H-2 (dd}
7.28 2.75
H-Ar-m (d) H-1 (dd) H-2' (dd}
OH 7.32 4.60 2.97

NH,
a (R)-4b

—

T
1.00] e
f

T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.
1 (ppm}

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

o~ [CENEN
o —una ¥ s,
o [ E-EN ?
< [ EEN I o)
- - ~ <
NI [
OH
NH,
a (R)-4b
|
- Yoot n
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9C 8C 7C 6C 50 4C 3C 2C 10
f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: MS spectrum

product obtained by the three-step one-pot sequence (5 mL scale)
400000 NH,
300000 a (R)-4b
200000
] 51
100000
] 113 141
E ‘ 6 ‘ ‘ £ m 139
:|""""'|4’1"“""'|'!’"""'|"!!'=""|"!'|"I '!l""i""'li'l"'""'|"""I"""|!""|"|"'|"""'"'|""""'!|"" |'|'|”1 T
30 40 50 60 70 80 90 100 10 120 130 140 150 160 170
m'z
(R)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
3000-] y OH
] A NH,
1 | &
2000 [ 2\
1 [ 3\ d (R)-ab
] |1\
1000+ |3\
] | 2
1 | &
P | F
] ."
1000 .-"‘ .
| et e
2000
| T | T | T
2 23 24 25 26
min
racemic sample:
25000 . _3
i ‘f\i
] AL [ &
20000-] [% | 3\
1 e \ [ 3\
1 [ E\ | \
1 | |
15000 | = \ \
i | o |
1 & ) |
] f i, |
10000 [ 4 |
] | |
4 | 1
5000 f /
4 I|
ol ) s
| | | . | .
) 23 24 25 26
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: 'H-NMR spectrum

product obtained by the three-step one-pot sequence (5 mL scale)

m o 0O Q0™ NOMONDNMLO- O
MmO Qininir QARNAONNNN O
NSNS T T NANANNOO NN o
H-Ar-o (d} H-2 (dd}
7.27 2.74
H-Ar-m (d) H-1 (dd) H-2' (dd}
C:)H 7.32 4.58 2.95

h
£8
oc 85 80 75 70 65 60 55 1 L os
(S)-2-Amino-1-(4-chlorophenyl)ethanol (R)-4b: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)
: AER g 2
3 889 g g
[N
OH
= NH,
a (5-4b
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘( éC ;C éC .">G 4‘( :';C Z‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-chlorophenyl)ethanol (S)-4b: MS spectrum

product obtained by the three-step one-pot sequence (5 mL scale)

900000
800000— 77 QH
700000 /O/\/NHZ
6000004
c (5-4b
5000004
400000—2
300000—2
E 51
200000
3 113 1
100000
3 63 ‘ | 89 11 139
L "'|4‘1""""‘|'!""""|"!'|'='"'|"!!"I "||""=" |i"""' e "'|I""|'I"|"" A A "'!l"’!" 5 AR RN RARAR |”1 T
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m'z
(S)-2-Amino-1-(4-chlorophenyl)ethanol (S)-4b: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
EOOOO—_ (\E QH
_ [ 2\
15000 [ Z)
] EEANE (54
] A
10000 | 2\
i | §
] [
5000 I|
i f
o] | L
: o / - o ——
B T | T | T
22 23 24 25 26
nun
racemic sample:
25000 , %
1 ,’}\
] /\7_ / £
20000 [ % [ 3\
1 [ 3 A
] [ 1\ [ §
15000 [ 2\
] [ f
] |I L ||
10000 [ = |
] | |
- | |
5000 [ /
i i
4 I|
. ]
] T T | .
2 23 24 25 26
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4¢: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

N—O M- —Q O OWMHVOIL®N O
MMM ANOOoo O O nuwn QDONNNN ™M
NENINFNFNINEN R NaNSNN &
= = N =~ |
H-Ar-m (t) H-2 (dd
7.03 2.76
H-Ar-0 (dd] H-1 (t) H-2' (d)
7.31 4.60 2.95
OH
NH,
F (R)-4c /(
o
~ ~
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 LE 1. 0.5

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4e¢: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

o 1 o~ oo - o
o a AN n < = 1 ©
[ E=] @ 0 NN LR 0 N
© © Rl INEN - - o o)
- - - -- b ] N <
(! ' ' '
C-Ar-i (d;
138.2¢
C-Ar-p (d] C-Ar-o (d} C-Ar-m (d)
162.17 127.4€ 115.2C
OH
NH,
F (R)-4c
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9 8C 7C 6C 50 4C 3C 2C 10

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4c: MS spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

500000
_: 97 OH
4000003 NH,
3 R)-4c
300000 F (")
E 77
200000 125
E 51
1000004
3 109
‘ \ | |
:|. i4!1.|!!.'....I‘.!.'..:.:'.I.'!!.:..!.l!!.:! '!:I!.J.....!I.'...'.. I.I.'...I..ll.i......... !.'..'..'...I.....'l.3|.6'..|... e s |
30 40 50 60 70 80 90 100 110 120 130 140 150
m'z
(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4¢: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
300004 3 OH
] N\a
| & NH,
i [
i | 3
1 | j F (R)-4c
20000 [ 2
| [ ol
| &\
i | £\
m | E I\\
10000 \ i
_ | \
| A
\
7 |
_ ." \
0~ / T— —_—
T T T T T —
15 16 17 18 19
min
racemic sample:
nd ¥
50000 | f E
| 2 | %
i [ 3 [ 3
[ 4
] | 3 [ 2|
| %‘II ‘ % I‘I
[ l :J"w, [ a2
J g\ | £\
25000 || = \.,
l \ \
|
i |
|
- II
o R e
. ] . | T .
15 16 17 18 19
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4¢: 'H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

N—TOoOQWLMm- — O O W NOMNOOLM
nMAaNQSd 59mnn ARNANNNN
NININNNNN < T NANANNNNNNO
H-Ar-m (t) H-2 (dd
7.03 275
H-Ar-o (dd; H-1 (dd) H-2' (dd)
7.31 4.5 2.94

PR g O S
- < < e < -
9‘ 0 8‘ 5 8‘ (0] 7‘ 5 7‘ 0 6‘ 5 6‘.0 5‘.5 ‘. 4‘ 4‘ 0 3‘ 5 3‘ (0] 2‘ 5 2‘ 0 1‘ 1‘.( d.S
1 (ppm)
(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4¢: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)
28 8% 8% 89 2 2
| v v '
C-Ar-i (d
138.3C
C-Ar-p (d} C-Ar-o (d} C-Ar-m (d)
162.17 127.4¢€ 115.2C
OH
F (S)-4C
|
[
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘( éC 7‘C éC .’lﬂ 4‘( :';C 2‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4c: MS spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

1100000

57
1000000

900000~

77

125

4] 1y

26
120

40 140

(S)-2-Amino-1-(4-fluorophenyl)ethanol (S)-4c: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)

—
wn

racemic sample:

g
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: 'H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

{Qr < 5881 ERBZ8]R B 2
NNNN < F ¥ NaNNNN &N
~ - RN
H-Ar-m (d) H-2 (dd)
7.16 2.80
H-Ar-o (d] H-1 (dd) H-2' (d)
7.24 4.58 2.95
OH
NH,
(R)-4d
|
[ y
it
N ﬂ
28 ) L g
< S o o - -
o~ N - (=2 ] (2] o™
9‘ Q 8‘ 5 8‘ 0 7‘ 5 7‘.0 6‘ 5 6‘ 0 5‘ 5 S‘ 0 4‘ 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.( 0‘.5
1 (ppm)
(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)
38 53 @ 9 .
QN Q n . -
g9 89 N3 g S
|1 [
OH
NH,
(R)-4d
U b Y W
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘[ 8‘C 7‘C éC 510 ‘;C :';C 2‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: MS spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

7000004
_E 121 OH
600000 NH,
_z 93
SOODOOE (R)-4d
400000 '”
300000
2000003
E 65
1000003 51
3 41 107 | ‘
- |---|'I-'5| Illi .|.!I.'.' .I...:.'l.||....,...!|'I.|,....I..!.'!..l..I....,'..l.'.ll...,....I.lﬁ.,....l....,....II!S?..,. I
30 40 S0 60 70 80 90 100 110 120 130 140 150
m'z
(R)-2-Amino-1-(4-tolyl)ethanol (R)-4d: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
: N OH
20000 H
] | & NH,
| R
] I3
15000 I| 3 (R)-4d
| | 2
| |
4 | i
10000 [\
] |
|
1 |I \
5000 |‘ \
b |
| | ~—
C; e |
] T T T T "
17 18 19 20 21
min
racemic sample:
75000 :
] k
I &
4 ‘I E
| | 3
50000 " 1
4 | %.I",
E | =&
| R
- | '\
250004 \ \
] | \
|
4 I‘II
o J e —
7 T T T T T T
17 18 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: 'H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

we N - Q0 ®© RINNEgRY ©
NN - [CRCRT T AOANN®EDDNM
NN~ T AadNdNNNANN &
~N e s\ |
H-Ar-m (d) H-2 (dd
7.16 2.80
H-Ar-o (d} H-1 (dd) H-2' (dd}
7.24 4.60 2.95
OH
/©/\/ NH,
(5)-4d
[ il
h \
1
g3 £y L e
S o S a o -
N — S e
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5

1 (ppm)

(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: >C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

N N oM
o~ S ® @ © =]
a N g 1 N N -
m ™M NN NS Q —
— — ~ < o~
I I
OH
/©/\/ NH,
(9)-4d
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9C 8C 7C 6C 50 4C 3C 2C 10

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: MS spectrum

product obtained by the three-step one-pot sequence (5 mL scale)

80-0000— 121 OH
700000 % /©/\/NHZ
_E T (S)_4d
500000
400000
300000
200000—5 63
E 51
100000} a1 | 107 ‘ ‘
EI....,....I'!.'I.,....Il.!!.i....I....',!...I....i..II.. ..!|'|.|,...I..!'!.J..I....,'..l.'.ll.......I.II}%.,...I. ,...1??..,. I
30 40 50 60 70 80 90 100 110 120 130 140 150
m'z
(S)-2-Amino-1-(4-tolyl)ethanol (S)-4d: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
23000
] OH
] A_NH,
20000+ /O/\/
] (5)-4d
15000
10000
] |
5000+ |
. |
] |
0 / S
| | T T3 T T T
17 18 19 20 21
min
75000 :
E
50000 =)
: [ g}
B | =&
i \
|
] |
25000 \
4 |
|
. i
4 I‘II
0 i B -
7 . ] R . -
17 18 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

{8 88 BEBE b EREEEE 8
NN U0 9 ™ NaNAe ~
NN N S5\
H-Ar-m (d)
6.89
H-Ar-o (d] H-1 (dd)
OH 7.27 4.57
NH,
MeO (R)-4e ]
|
|
g g g g g3 3
o0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1t  1C o5
1 (ppm)
(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: *C-NMR spectrum

product obtained by the three-step one-pot sequence (5 mL scale)
3 N9 8 o ® o
2 3 R g ¥ g g
(.

OH
NH,
MeO (R)-de
|
| ‘ 1
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘( éC 7‘C éC .’lﬂ ‘;C 3“(: 2‘C 1‘0
1 (ppm)
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: MS spectrum

product obtained by the three-step one-pot sequence (5 mL scale)

2000000
] : OH
: NH,
| MeO (R)-de

1000000
1 - 94 109
4 51 66

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m'z
(R)-2-Amino-1-(4-methoxyphenyl)ethanol (R)-4e: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
1 E OH
] NH,
15000 | %
] |3
i [ \ MeO (R)-4e
] |
b |
10000 [ 3
: |I % II“.
i | g \\
| =Y
5000+ | \
4 |
i | \
4 I|
i f.‘ . .
0~ s —— _
i . |
18 19 20 21
min
racemic sample:
100000-] /\f
] [ %
1 | 1
75000-] [ 3
50000
25000 |
4 |
ol / L
] | |
13 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: 'H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

~ g [N Ny Q nmaNoONOXN™ D N
oo @© «© runrw @ QO WO NDNN
NN GO < ™ NaddNaNNe NN
NN N ——\ = |
H-Ar-m (d) H-2 (dd
6.88 2.78
H-Ar-o (d} H-1 (dd) H-2' (dd}
OH 7.26 4.55 2.91
/©/-\/NH2
MeO (5)-4e
|
|
|
[ |
il
o
R ) 4 Eys 4
0 < < < -9 <
o~ [aY] — ™ - O ™
T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.t 1.0 0.5
1 (ppm}

(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

o) o o o
=] N = N o N
al < IN ] < N
n e} ~ — < -
- - - - ~ [

WWWWWW W A——

T T T
100 9 8C 7C 6C 50 4C 3C 2C
f1 (ppm}

T T T T T T T T
180 170 160 150 140 130 120 110
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: MS spectrum

product obtained by the three-step one-pot sequence (5 mL scale)

60000003 157 OH
A _NH,
5000000 /©/\/
4000000 MeO (5)-4e
3000000
g 94 109
2000000 -
1000000
E 66
E 4 3 ‘ 167
k| + o |||| 1, [T 1L .| |
[TTTTTTTTrvreTT N LR R Rl R LR R LR R T T [roerrrTT T T TrrrTT T TrTrTTrTT
30 40 50 60 70 80 %0 100 110 130 140 150 160 170
m'z
(S)-2-Amino-1-(4-methoxyphenyl)ethanol (S)-4e: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
| E OH
30000+ : 0
] e ~ M2
: ‘I" E /©/\/
| I. E‘. MeO (S5)-4e
200004 |
4 |
|
i |
] |'
|
10000 |'
i |
|
i |
i / —
| I T [, T = & I
18 19 20 21
min
racemic sample:
100000-] f /\ f
] -
1 | 3
750004 [ 4
50000 2 "«,‘
. | \u\
4 ‘| X
25000 [ \
, | N
ol —
] I I & & & % I !
18 19 20 21
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

B85 EREREEE 88Y 33 &
NN [CR-R-N-RURV-} < 8 ) ~
v BRI - W
OH
0 NH, H-Ar-3 (d]
6.27
H-Ar-4 (dd; H-1 ( H-2 (d
(S)-4f er;.34< 4.6;) 3.04 )
3 Z3 =y ' 4
< ee < o “
9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘ 0 3‘.5 3‘.0 2‘.5 2‘.0 1‘ £ 1‘.( 0‘ 5
1 (ppm)
(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)
I ) 23 ™ @
a g R @ g
= - - = o <+
(.
OH
o) NH,
(S)-af
|
” . ' , - ,'1[ - “ ‘
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘[ éC 7‘C éC .’lﬂ ‘;C I;C 2‘C 1‘0

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: MS spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

200000
1 41 OH
97 0 NH,
(5)-4f
100000
69
] 2
127
‘ ‘ 8l
|'! "|'|""’!'I'!!'"'|""!'I!I'll""""’||I"!"""|"'!'! !I""'""Ii"""'"I""""'I""""'I
30 40 50 60 70 80 90 100 110 120 130
m'z
(S)-2-Amino-1-(2-furyl)ethanol (S)-4f: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
25000 ; OH
] |‘I "";TT o) NH,
] [ B
20000 I‘ £
] | % (5)-4f
: B
15000 | 4
] 3
1 [ )
10000 b
] ‘ \
] | "‘.‘
5000+ |
] \ \
] II \\
0_, "" T — o
] | T | T T | T
12 13 14 15 16
min
racemic sample:
I
| £ fl I":%
5000 X | &
| £ |
_ B
| & b
1 R E
1 | & | &l
2500+ ‘I j‘. [ =
1 [ [
| ‘l '\II ‘|
] [\
| foA | \
| \ |
O_
| I‘I \*\ﬁh " \1__ e
_ / R S
i N T O [ =
' T T ' T
12 13 14 15 16
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: '"H-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

N O MmMmma O n $ oM o — O 9
™Mm ™M MmN N O O [=N=] <
N ERERERER I e P N\
NV &b P &
OH
o) ~ NH, H-Ar-3 (d)
I 6.25
\ H-Ar-5 () H-Ar-4 (dd; H-1 (1) H-2 (d)

(R)-4f 7.36 6.33 4.63 01
S - S & -
- - O — o~ (2]

T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1 1. 0.5
1 (ppm)

(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: *C-NMR spectrum
product obtained by the three-step one-pot sequence (5 mL scale)

155.39
141.99
—110.17
— 106.31
68.15
45.95

H

<Oj/\/ NH,
|
\ (R)-4f

nQ

T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9C 8C 7C 6C 50 4C 3C 2C 10
f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: MS spectrum

product obtained by the three-step one-pot sequence (5 mL scale)

] ! 7 OH
] O NH;
30000
] (R)-4f
20000
E 65
10000— 42
127
' i i
|'!| "||"|'!!“"|"!"l'l!!'||""""’||'|”"' |""|! '||""'""i'""'"'|"""'"'|""" T
30 40 50 60 70 80 90 100 110 120 130
m'z
(R)-2-Amino-1-(2-furyl)ethanol (R)-4f: chiral-phase GC chromatograms
product obtained by the three-step one-pot sequence (5 mL scale)
] : OH
1 nz =
_ [z 0 ~ NH,
30000 B
| E <\J/\/
. 3 (R)-4f
- E
20000 \ £\
| | =)
j o
10000 I‘ "‘-,
1 | l"\
0 - B - 4‘,'_7__7_1:"_—17-_,___ ]
12 I 15 I 1 15 16
min
racemic sample:
] ;E fl I":%
50001 3 | &
| £ |
_ B
[ 4
1 | :_-EI
] [ &
2500 [ =
] . [
i ‘| I“. ‘l
] [\
| foA | \
| \ |
O_, I‘I \*\ﬁh / \1__ e
_ / R S
i N T O [ =
T T [ T
12 13 14 15 16
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4¢: '"H-NMR spectrum

product obtained by the three-step one-pot sequence (gram scale)

MmN —=OoOWwmm- N—=OO ool\mgmhmmcw
monmacy ©bwvn QAAARRNN NN
NNNNNNDN <+ ¢ < NANANNNO NN N
H-Ar-m (t) H-2 (dd
7.03 2.76
H-Ar-o (dd; H-1 (dd) H-2' (dd)
7.31 4.60 2.96

OH

T f Nf

@] 2.01] L—
vooy

474 4
e < <
- ™
T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.8 1.C 0.5

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4e¢: *C-NMR spectrum

product obtained by the three-step one-pot sequence (gram scale)

ow ® 1 oa -
¥ o NN n 9 IS R=} ~ ©
=] @ 0 INEN LR 1 N
© © Rl INEN - - o o)
- - - - - ~ <
I ' N '
H-Ar-i (d
138.27
H-Ar-o (d} H-Ar-p (d, H-Ar-m (d)
162.18 127.4€ 115.2C
OH
NH,
F (R)-4c
1 J
. . ‘
4 »
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 aC 8C 7C 6C 50 4C 3C 2C 10

f1 (ppm}
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4c: MS spectrum
product obtained by the three-step one-pot sequence (gram scale)

b 97
2000000 OH

NH,

. (R)-4c

7

:
g

(R)-2-Amino-1-(4-fluorophenyl)ethanol (R)-4¢: chiral-phase GC chromatograms

product obtained by the three-step one-pot sequence (gram scale)

50000-] T
1 3 OH
] | \z NH
40000 | 2
] E
] i . (R)-4c
30000
20000
10000
0—_ - - - —
| | T ] T | T T T
15 16 17 18 19
min
racemic sample:
] 2 Ne
N2 | &
50000 | | E
| & |
l [ 3 [ 3
| ] |3
| [ B [ 2
| & H
] | 3\ | &)
d I. | =
250001 || 2 \.,
\
l | \
|
) | |
| |
4 | |
| /
I | i
(i ) e
T T T ] T
15 16 17 18 19
min
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One-pot combination of enzyme and Pd nanoparticle catalysis for the synthesis of enantiomerically pure 1,2-amino alcohols

(S)-tembamide: 'H-NMR spectrum
product obtained by the four-step one-pot sequence (gram scale)

VUL LLMHANM~-AONLE MOV N \OVVQMMPMO@%@\OMEMU’)??MNOO%

TLY OO I TETONOR LY RMERARNNMNYT LT OOOMNO0O0N

WO NNNNNMNMNNMNMNMNMNNNNWOO wn TR LTTFTTFLT OO OOOOONOOOOMNONMNONOOOMM

B Vo e
7.84

NH (t H-Ar-p' (£ H-Ar-m (d) OH (d) H-1 (dt)
8.46 7.51 6.90 5.41 4.74 /@/\/
H-Ar-m' (t) 0
7.45
MeO )
(S)-tembamide

1.00 —————
1.00] ===
S
L

300 =
i
h

21 097 —==1-

4 IR g o
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(S)-tembamide: MS spectrum
product obtained by the four-step one-pot sequence (gram scale)
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(S)-tembamide: chiral-phase HPLC chromatograms
product obtained by the four-step one-pot sequence (gram scale)
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