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1. General information

All chemical reagents were purchased from Sigma Aldrich (St. Louis, MO, USA), Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China), Aladdin (Shanghai, China). Ampicillin,
kanamycin, and RNAaseA were purchased from SangonBiotech Company (Shanghai, China).
Substrates (S1), (S9) - (S18), standard (9) were purchased from Energy Chemical Company
(Shanghai, China). Standard (11) and (19) was purchased from Sigma Aldrich (St. Louis, MO,
USA). Standard (12) was purchased from Alfa aesar (USA). Substrates (S4) - (S8), standard (7)
were kindly provided by Prof. Shaolin Zhu (Nanjing University, China). The chemical structures
of substrates were listed in Table S1.

Table S1. Chemical structure of the substrates used in this study.
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'H NMR spectra were recorded at 500 MHz or 400 MHz. *3C NMR spectra were recorded at
125 MHz or 100 MHz. The spectra data were reported as follows: chemical shift (6 ppm),
integration, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), and
coupling constant (Hz). High-pressure liquid chromatography (HPLC) was performed on
Agilent 1290 Series chromatographs for reaction monitoring, and LC-2010AHT / 2010 CHT

Series chromatographs with chiral columns for optical purity analysis.

2. Expression and purification of perakine reductase (PR)

Expression and purification of recombinant Hise-PR was performed as previously reported
with small modifications.? Briefly, E. coli M15 transformed with Hiss-PR-pQE-2 plasmid were
cultured in LB medium with 50 pg/mL ampicillin and 25 pg/mL kanamycin up to a cell density

of ODeoo 0.6-0.7. Subsequently, protein expression was induced with 0.3 mM isopropyl B-D-

thiogalactopyranoside (IPTG) at 25 °C for 36 h. The bacteria were collected by centrifugation

at the speed of 8000 rpm for 10 min at 4 °C and stored under -20 °C.

In a typical PR purification, 3 g of bacteria were resuspended in 20 ml extract buffer (50 mM

NaH,P0O,, 300 mM NaCl, 10 mM imidazole, pH 8.0) containing 1 mg/mL lysozyme. After
sonication (4 °C) and centrifugation (22000 xg 50 min, 4 °C), the protein crude extract was

loaded into a column with 2 ml Ni-nitrilo-tri-acetic acid (Ni-NTA) superflow (Qiagen, Hilden,
Germany). The column was then washed with 20 ml extract buffer and 20 ml wash buffer
containing 20 mM imidazole. PR enzyme was eluted with elution buffer containing 250 mM
imidazole. The collected protein fraction was dialyzed against 5 L Kpi buffer (50 mM KH,PO,,

50 mM K;HPQO4, 10 mM EDTA, pH 7.0) for 12 h for further enzymatic reaction.

3. Expression and purification of glucose dehydrogenase from Bacillus megaterium (BmGDH)
The cDNA of BmGDH (GenBank: D10626.1) was synthesize and subcloned into pET-28a(+)
vector by SangonBiotech Company (Shanghai, China). BmGDH was expressed as recombinant
N-terminal Hise-tagged protein using E. coli BL21(DE3) as a host. Hise-BmGDH was expressed

and purified under the same conditions that used for PR.
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4. Preparation of substrates
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Two substrates (E)-4-(4-nitrophenyl)but-3-en-2-one (S2) and (E)-4-(4-methoxyphenyl)but-3-
en-2-one (S3) were synthesized according to the methodology described in literature.? The
aldehyde (5.0 mmol) was dissolved in CH,Cl, (0.5 M). Then 1-(triphenylphosphoranylidene)-2-
propanones (6.0 mmol) was added to the aldehyde solution at 0 °C. The mixture was stirred
until the starting aldehyde was completely reacted (12-24 h). By adding silica gel, the organic
solvent was evaporated under reduced pressure. The desired product was isolated by silica

gel column chromatography.
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(E)-4-(4-nitrophenyl)but-3-en-2-one (S2) was prepared from 4-nitrobenzaldehyde (755.6 mg,
5.0 mmol) and 1-(triphenylphosphoranylidene)-2-propanones (1910 mg, 6.0 mmol) using
above procedure. The product was isolated by silica gel column chromatography (PE: EtOAc =

10:1).
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(E)-4-(4-methoxyphenyl)but-3-en-2-one (S3) was prepared from p-methoxybenzaldehyde
(680.8 mg, 5.0 mmol) and 1-(triphenylphosphoranylidene)-2-propanones (1910 mg, 6.0 mmol)
using above procedure. The product was isolated by silica gel column chromatography (PE:

EtOAc = 8:1).

5. Preparation of racemic alcohols by NaBH,4

NaBH, was used for preparation of racemic allylic and aryl alcohols. One hundred mg ketones
and 5 mL absolute methanol were added into round flask with nitrogen protection. After
mixing 15 min on ice bath, NaBH, were injected with multiple times until the ketones were
completely reduced. The reaction was terminated by adding 100-200 pl of saturated

ammonium chloride solution. The products were purified by silica gel column chromatography.
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6. Enzyme assay
The reaction system for enzyme assay consisted of 300 pg purified PR enzyme, 100 pg purified
BmGDH, 0.8 mM substrate (ketone), 1.2 mM glucose, and 0.05 mM NADP* in a total volume

of 200 pl Kpi buffer, pH 7.0. The reaction volumes for enantioselectivity analyses and NMR
experiments were 5 ml and 25 ml, respectively. The mixture was incubated at 30°C for 10 h.

To accumulate enough product for NMR analysis, 4-12 times of 25 ml reaction mixtures were
combined. Reaction was terminated by adding the equal volume of MeOH. Following adding
MeOH and centrifugation at 14000xg for 5 min, 10 ul of the supernatant of the reaction
mixture was subjected to HPLC analysis. HPLC analyses were performed using Agilent 1290

HPLC system. The methods used for analysis of PR catalyzed reactions are shown in as

following:
Products Chromatographic Column Mobile Phase Wavelength
1-3,12 LiChroCART®250-4 ACN: H,0=35:65 254 nm
15, 10, 16, 13,9 HPLC-Cartidge C18, ACN: H,0=35:65 220 nm
11,14 5 um, 4.6x250 mm ACN: H,0=35:65 220 nm
5,6,8,17,18 Symmetry® C18, ACN: H,0 =60:40 254 nm
4,7 5 um, 4.6x150 mm ACN: H,0 =35:65 310 nm

7. Effects of temperature and pH

To evaluate the effects of temperature, the enzymatic reactions were carried out under
different temperatures ranging from 4 to 70 °C. To determine the optimal pH value, the
reactions were incubated in reaction buffers with various pH values (4.0, 5.0, 5.5, 6.0, 6.5, 7.0,
7.5, 8.0, 8.5 and 9.0). All the determinations were used $12 as the substrate with three parallel
assays. The reactions were terminated with equal volume of MeOH. Following centrifugation
at 15,000 for 30 min, the supernatants were subjected into HPLC for analysis. PR displayed

the best activity under 30 to 50 °C, and the optimal pH value was 7.5. (Figure S1)
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Figure S1. Determination of optimal temperature and pH on PR catalyzed reaction. S12 was
used as substrate. The optimum temperature and pH for PR were 30~50 <C and 7.5,

respectively.

8. Determination of kinetic parameters

Kinetic parameters were determined by monitoring product formation rates by HPLC. Varying
concentrations of 4'-nitroacetophenone (512, 1-12 mM) in the presence of excess NADPH (20
mM) were incubated under the same conditions as described above for 30 min. All
experiments were performed in triplicate. Km value was calculated with the method of
Lineweaver-Burk plot (Figure S2, Table S2).
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Figure S2. Kinetic parameters of 4'-nitroacetophenone (S12) were determined by Lineweaver-

Burk plot of initial velocity (v) versus substrate.

Table S2. Kinetic parameters of 4'-nitroacetophenone (12) catalyzed by PR

Substrate  Km [mMM] Vmax [Mmol/min/mg-protein] Keat [s] keat/Km [sTmM1]

(S12) 3.22+ 0.5 0.14+0.1 0.25+0.1 0.08

9. Conversion of 4-phenyl-2-butanone

O PR OH

Ny

NADPH NADP*

Glucuronic acid Glucose
S19 BmGDH 19

The enzymatic activity assay of PR toward 4-phenyl-2-butanone (S19) was carried out under
the same condition as described in the section “Enzyme assay” as other substrates. The yield
and ee value of the corresponding product (19) were 73% and 95%, respectively. The yield is
the analytical yield of product in the enzymatic reaction system (aqueous phase), determined

by reverse phase HPLC.
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10. Enantioselectivity analysis of the enzymatic reaction

Avolume of 5 ml enzymatic reaction mixture was extracted three times with the same volume

of EtOAc. The organic parts were combined and evaporated under vacuum at 40 °C. The

residue was purified with a silica gel column (10 % EtOAc in PE). The fractions contained

alcohol were combined and concentrated in vacuo for further optical purity analysis. The

methods and chromatography for optical purity analysis are listed as following.

OH
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(S,E)-4-phenylbut-3-en-2-ol (1) Chiral separation (OD-H, 5 % IPA/hexanes, 0.5 mL/min, 25 °C,

254 nm) indicated 99.2 % ee: tr (minor) = 20.0 min, tz (major) = 30.7 min.
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(S,E)-4-(4-nitrophenyl)but-3-en-2-ol (2) Chiral separation (AD-H, 15 % IPA/hexanes, 0.5

mL/min, 25 °C, 310 nm) indicated 99.8 % ee: tz (minor) = 22.9 min, tr (major) = 27.9 min.



NaBH. reduction product of $2
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(S, E)-4-(4-methoxyphenyl)but-3-en-2-ol (3) Chiral separation (AD-H, 12 % IPA/hexanes, 0.5
mL/min, 25 °C, 254 nm) indicated 96.3 % ee: tz (mjor) = 18.8 min, tr (minor) = 21.6 min.

NaBH, reduction product of S3
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(S, E)-4-(3-hydroxybut-1-en-1-yl)benzonitrile (4) Chiral separation (AD-H, 8 % IPA/hexanes,

0.5 mL/min, 25 °C, 254 nm) indicated 99.7 % ee: tz (major) = 29.6 min, tz (minor) = 36.1 min.

NaBH, reduction product of S4
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(S, E)-4-(3-bromophenyl)but-3-en-2-ol (5) Chiral separation (AD-H, 10 % IPA/hexanes, 0.5

mL/min, 25 °C, 254 nm) indicated 99.1 % ee: tg (minor) = 14.4 min, tz (major) = 15.7 min.

NaBH, reduction product of S5
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PR enzymatic reduction product of S5 (5)
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(S,E)-4-(2,4-dichlorophenyl)but-3-en-2-ol (6) Chiral separation (AD-H, 6 % IPA/hexanes, 0.5

mL/min, 25 °C, 254 nm) indicated 98.9 % ee: tz (major) = 19.7 min, tg (minor) = 20.7 min.

NaBH, reduction product of S6
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(S, E)-4-(benzo[d][1,3]dioxol-5-yl)but-3-en-2-ol (7) Chiral separation (AD-H, 6 % IPA/hexanes,

0.5 mL/min, 25 °C, 310 nm) indicated 98.5 % ee: tz (major) = 35.6 min, tg (minor) = 37.9 min.
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NaBH. reduction product of S7
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(S,E)-4-(furan-2-yl)but-3-en-2-ol (8) HPLC analysis (OD-H, 5 % IPA/hexanes, 0.5 mL/min, 20 °C,

254 nm) indicated > 99.9 % ee: tg (minor) = 16.1 min, tz (major) = 17.8 min.
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PR enzymatic reduction product of S8 (8)
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(S)-1-phenylethanol (9) Chiral separation (OD-H, 5 % IPA/hexanes, 0.5 mL/min, 20 °C, 254

nm) indicated 99.2 % ee: tg (minor) = 12.5 min, tg (major) = 13.8 min.
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PR enzymatic reduction product of S9 (9)
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(S)-1-(4-chlorophenyl)ethanol (10). Chiral separation (OD-H, 5 % IPA/hexanes, 0.5 mL/min,
20 °C, 254 nm) indicated > 99.9 % ee: tr (major) = 13.2 min, tg (minor) = 14.2 min.

NaBH, reduction product of S10
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PR enzymatic reduction product of S10 (10)
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(S)-1-(4-bromophenyl)ethanol (11) Chiral separation (OD-H, 5 % IPA/hexanes, 0.5 mL/min,

20°C, 254 nm) indicated > 99.9 % ee: tg (major) = 14.5 min, tg (minor) = 15.5 min.
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NaBH. reduction product of $11
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(5)-1-(4-nitrophenyl)ethanol (12) Chiral separation (AD-H, 5 % IPA/hexanes, 0.5 mL/min, 25°C,

254 nm) indicated > 99.9 % ee: tg (minor) = 32.6 min, tg (major) = 33.9 min.

NaBH, reduction product of $12
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Standard compound of (S)-1-(4-nitrophenyl)ethanol (12)
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S)-1-(4-methoxyphenyl)ethanol (13) Chiral separation (AD-H, 5 % IPA/hexanes, 0.5 mL/min
(5)-1-( yphenyl) (13) p ( , , ,

25 °C, 220 nm) indicated 99.9 % ee: tg (minor) = 25.4 min, tz (major) = 26.8 min.
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(S)-1-(3-bromophenyl)ethanol (14) Chiral separation (OD-H, 5 % IPA/hexanes, 0.5 mL/min,
20 °C, 254 nm) indicated > 99.9 % ee: tz (major) = 14.1 min, tg (minor) = 15.2 min.

NaBH, reduction product of S14
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PR enzymatic reduction product of $14 (14)
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(S)-1-(3-aminophenyl)ethanol (15) Chiral separation (AD-H, 8 % IPA/hexanes, 0.5 mL/min,
24 °C, 254 nm) indicated > 99.9 % ee: tz (major) = 51.8 min, tz (minor) = 54.3 min.
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PR enzymatic reduction product of S15 (15)
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(S)-1-(2-bromophenyl)ethanol (16) Chiral separation (AD-H, 3 % IPA/hexanes, 0.5 mL/min,
25 °C, 254 nm) indicated 95.2 % ee: tz (major) = 23.4 min, tz (Minor) = 24.7 min.

NaBH, reduction product of S16
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(S)-2-chloro-1-phenylethanol (17) Chiral separation (OD-H, 3 % IPA/hexanes, 0.5 mL/min,

16 °C, 254 nm) indicated 95.1 % ee: tr (minor) = 24.0 min, tz (major) = 25.8 min.
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NaBH. reduction product of $17
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(S)-2-chloro-1-(2,4-dichlorophenyl)ethanol (18) Chiral separation (AD-H, 10 % IPA/hexanes,

0.5 mL/min, 25°C, 254 nm) indicated 99.4 % ee: tz (major) = 13.9 min, tg (minor) = 15.7 min.

NaBH, reduction product of $18
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(S)-4-phenylbutan-2-ol (19) Chiral separation (AD-H, 5 % IPA/hexanes, 0.5 mL/min, 25°C, 220

nm) indicated 94.7 % ee: tr (minor) = 15.4 min, tg (major) = 16.2 min.

NaBH, reduction product of $S19
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11. 1 mmol scale reaction

To demonstrate the applicability of PR to large scale synthesis, the reaction system containing
1 mmol substrate (S1 or $12), NADP* (49.2 mg, 0.0625 mmol), PR (7.5 mg/ml), BmGDH (2.5
mg/ml), glucose (271.5 mg, 1.5 mmol) in a total volume of 250 mL Kpi buffer (50 mM, pH =
7.0) in 1 L flask was incubated at 30 °C for 10 h with shaking speed 150 rpm. Subsequently,
the reaction mixtures were extracted three times with the same volume of EtOAc. The organic

parts were combined and evaporated under vacuum at 40 °C. The residue was purified with
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a silica gel column (10 % EtOAc in PE) to provide the desired product. The reaction yield and
ee value of 1-mmol scale reaction were determined using the same procedure described in

“Enzyme assay” and “Enantioselectivity analyses of the enzymatic reaction”, respectively.

Q PR OH
NADPH  NADP*
Glucuronic acid M Glucose
BmGDH
S$1(146.1 mg) 1 (74.2 mg, isolated)

The 1-mmol scale reaction of (S,E)-4-phenylbut-3-en-2-ol (1) was carried out using substrate
(1) (146.1 mg, 1 mmol), providing the product (1) 74.2 mg (51% isolated yield), 59% reaction

yield (HPLC), and >99% ee.

HPLC analysis of 1-mmol scale reaction of S1
Reaction for O h:
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Chiral HPLC analysis of the product from 1-mmol scale reaction of S1

NaBH. reduction product of S1
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PR enzymatic reduction product of S1 (1) at 1-mmol scale
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12 (150.4 mg, isolated)
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The 1-mmol scale reaction of (S)-1-(4-nitrophenyl)ethanol (12) was carried out using

substrate (S12) (165.1 mg, 1 mmol), providing the product (12) 150.4 mg (91% isolated

yield), >99% reaction yield (HPLC), and >99% ee.
HPLC analysis of 1-mmol scale reaction of $12
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Reaction for 10 h:
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12. Molecular modeling

The structural file of PR-NADPH complex downloaded from Protein Data Bank (PDB ID 3V0S)
was used for modelling. The software package Discovery Studio version 2.5 (DS2.5) was
employed for all calculations and manipulations. The structures of NADPH, (S,E)-4-
(benzo[d][1,3]dioxol-5-yl)but-3-en-2-0l (7) and (S)-1-(4-nitrophenyl)ethanol (12) were
constructed by DS2.5. The structures of small molecules were optimized using the charmm?22
force field to an energy gradient of 0.001 kcal/(mol*A).
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13. Interactions between nicotinamide riboside part of NADPH with PR

By transferring one proton to the substrate, the nicotinamide ring of NADPH is directly
involved in the enzymatic reaction. AKR superfamily members follow bi-bi mechanism, in
which cofactor binds prior to the substrate, thus, accommodation of cofactor is essential for
binding of the substrates.® However, in our previously reported PR complex with NADPH, the
nicotinamide riboside moiety of NADPH was disordered.* We firstly execute the modelling of
the nicotinamide riboside part. The cofactor binding site is highly conserved across the whole
AKR superfamily, especially for the nicotinamide ring.3* 3¢ The nicotinamide riboside part was
carefully rebuilt and optimized in its usual anti-conformation in the binding site as observed in
other AKR members (Figure $3).3*¢ In the model, the highly conserved residues Ser156,
GIn176 and Tyr204 exhibited obvious interactions with this portion. The nicotinamide ring of
NADP* formed m-1t stacking with the aromatic ring of the residue Tyr204. Moreover, the oxygen
atom and the hydrogen atom of the carboxamide group formed hydrogen-bond with the side

chains of Ser156 (2.14 A) and GIn176 (1.91 A), respectively (Figure S3).

-
- -~ .

o -1\.‘ = Tyr204

~
a3\ Ser156

7~

Metff"" o

-
LI | Nt
Lys'84 \- 7 ™\
L 3 ,rér9127
T, \; Y |
His126
N

Figure S3. Accommodation of NADPH in PR. (A) PR is shown in surface mode; (B) PR is shown in
cartoon mode. The residues interacted with nicotinamide ring of PR are shown in stick mode.
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14. NMR Data

OH

o™

(S,E)-4-phenylbut-3-en-2-ol (1),? yellow oil (5.0 mg)

'H NMR (500 MHz, CDCls): 6 7.38 (2H, d, J = 8.0 Hz), 7.32 (2H, t,J = 8.0 Hz), 7.23 (1H, d, /= 6.5

Hz), 6.57 (1H, d, J = 16 Hz), 6.27 (1H, dd, J =6.5, 17 Hz), 4.50 (1H, m), 1.37 (3H, d, J = 6.0 Hz);

13C NMR (125 MHz, CDCl3): §136.7, 133.6, 129.4, 128.6, 127.7, 126.5, 69.0, 23.4.
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(S, E)-4-(4-nitrophenyl)but-3-en-2-ol (2),° yellow solid (6.5 mg)
IH NMR (400 MHz, ds-DMSO0): 6 8.21 (2H, d, J = 8.8 Hz), 7.73 (2H, d, J = 8.8 Hz), 6.67 (2H, m),
5.06 (1H, d, J= 4.4 Hz), 4.39 (1H, m), 1.27(3H, d, J =6.8 Hz); 3C NMR (125 MHz, ds-DMS0O): &

146.5, 144.4, 141.4, 127.5, 125.7, 124.3, 66.8, 23.9.
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HaCO

(S,E)-4-(4-methoxyphenyl)but-3-en-2-ol (3),° colorless oil (3.5 mg)
H NMR (400 MHz, ds-DMSO): 6 7.37 (2H, d, J = 8.4 Hz), 6.91 (2H, d, J = 8.4 Hz), 6.47 (1H, d, J
=16.0 Hz), 6.17 (1H, m), 4.82 (1H, m), 4.29 (1H, m), 3.77 (3H, s), 1.23 (3H, d, J =6.4 Hz); *3C

NMR (125 MHz, ds-DMSO): 6 158.9, 133.6, 129.9, 127.8, 127.2, 114.4, 67.2, 55.5, 24.4.
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(S,E)-4-(3-hydroxybut-1-en-1-yl)benzonitrile (4),? colorless oil (6.7 mg)
IH NMR (500 MHz, CDCls): & 7.60 (2H, d, J = 8.0 Hz), 7.45 (2H, d, J = 8.5 Hz), 6.59 (1H, t, J = 16
Hz), 6.39 (1H, dd, /=16, 6.5 Hz), 4.53 (1H, m), 1.39 (3H, d, J = 6.5 Hz); 1*C NMR (125 MHz, CDCls):

6141.3,137.5,132.4,127.5,126.9, 118.9, 110.8, 68.4, 29.7, 23 .4.
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Br\©/\/k
(S,E)-4-(3-bromophenyl)but-3-en-2-ol (5),% yellow oil (13.1 mg)
IH NMR (500 MHz, CDCls): & 7.46 (1H, t, J = 1.5 Hz), 7.29 (1H, dd, J = 8.0 ,8.5 Hz), 7.21 (1H, d, J

= 8.0 Hz), 7.11 (1H, t, J = 8.0 Hz), 6.44 (1H, d, J = 16 Hz), 6.20 (1H, dd, J =6.0, 16 Hz), 4.43 (1H,

m), 1.30 (3H, d, J = 6.5 Hz); 1*C NMR (125 MHz, CDCls): §138.9, 135.1, 130.5, 130.1, 129.3,

127.9,125.1, 122.8, 68.7, 23.4.
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Cl Cl

(S,E)-4-(2,4-dichlorophenyl)but-3-en-2-ol (6),2 light yellow oil (10.1 mg)
1H NMR (400 MHz, CDCls): 6 7.49 (1H, d, J = 8.4 Hz), 7.40 (1H, d, J = 2.4 Hz), 7.22 (1H, dd, J =
2.0, 8.4 Hz), 6.94 (1H, d, J = 16.0 Hz), 6.28 (1H, dd, J = 6.4, 16.0 Hz), 4.57 (1H, m), 1.89 (1H, s),

1.42 (3H, d, J =6.4 Hz); 3C NMR (125 MHz, CDCl3): 6 136.9, 133.6, 133.5, 133.4, 129.4, 127.6,
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(S,E)-4-(benzo[d][1,3]dioxol-5-yl)but-3-en-2-ol (7),2 yellow oil (4.2 mg)
IH NMR (500 MHz, CDCls): & 6.92 (1H, d, J = 1.5 Hz), 6.81(1H, dd, J = 8.5, 8 Hz), 6.75 (1H, d, J =
8Hz), 6.48 (1H, d, J = 15.5 Hz), 6.09 (1H, dd, J =7.0, 16 Hz), 5.95 (2H, s), 4.45 (1H, m), 1.36 (3H,

d, J = 6.0 Hz); 13C NMR (125 MHz, CDCls): §148.0, 147.3, 131.8, 131.8, 131.1, 129.2, 129.2,

121.1,108.3, 105.7, 101.1, 69.0, 23.5.
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(S,E)-4-(furan-2-yl)but-3-en-2-ol (8),% yellow oil (5.5 mg)
IH NMR (400 MHz, ds-DMSO): § 7.70 (1H, s), 7.62 (1H, s), 6.71 (1H,s), 6.40 (1H, d, J = 16 Hz),

6.05 (1H, dd, J =6.8, 16 Hz), 4.85 (1H, d, J =4.4 Hz),4.26, (1H, m), 1.20 (3H, d, J =6.4 Hz); 1*C

NMR (125 MHz, ds-DMSO): & 144.3, 140.9, 135.4, 124.2, 117.7, 108.2, 66.9, 24.2.
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(5)-1-phenylethanol (9), light yellow oil (13.8 mg)

1H NMR (500 MHz, CDCls): § 7.38 (2H, m), 7.36 (2H, m), 7.28 (1H, m), 4.91 (1H, m), 1.51 (3H, d, J =

6.5 Hz); 13C NMR (125 MHz, CDCl3): §145.8, 128.5, 127.5, 125.4, 70.5, 25.2.
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OH
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(5)-1-(4-chlorophenyl)ethanol (10),’ light yellow oil (10.4 mg)
'H NMR (500 MHz, CDCl3): § 7.33 (4H, d, J = 9.0 Hz), 4.89 (1H, q), 1.48 (3H, d, J = 6.5 Hz); 3C

NMR (125 MHz, CDCls): 6144.3, 133.1, 128.6, 126.8, 69.7, 25.3.
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(5)-1-(4-bromophenyl)ethanol (11),” white solid (12.6 mg)
'H NMR (500 MHz, CDCls): & 7.47 (2H, dd, J = 2.0, 6.5 Hz), 7.26 (2H, dd, J = 2.0, 8.0 Hz), 4.87

(1H, m), 1.80 (1H, s), 1.47 (3H, d, J = 6.0 Hz); 3C NMR (125 MHz, CDCls): 6144.8, 131.6, 127.2,

121.2,69.8, 25.3.
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OH

(S)-1-(4-nitrophenyl)ethanol (12),” light yellow oil (11.7 mg)

IH NMR (500 MHz, CDCls): § 8.13 (2H, d, J = 9.0 Hz), 7.47 (2H, d, J = 8.5 Hz), 4.95 (1H, m), 2.03

(1H,s), 1.45 (3H, d, J = 6.5 Hz); **C NMR (125 MHz, CDCls): § 153.1, 147.2, 126.1, 123.8, 69.5,

25.5.
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(5)-1-(4-methoxyphenyl)ethanol (13),” colorless oil (4.3 mg)

IH NMR (400 MHz, ds-DMSO): & 7.28 (2H, d, J = 8.8 Hz), 6.89 (2H, d, J = 8.8 Hz), 5.04 (1H, d, J

= 4.4 Hz), 4.68 (1H, m), 3.74 (3H, s), 1.32 (3H, d, J =6.4 Hz); 3C NMR (125 MHz, ds-DMSO): &

158.4, 133.6, 139.8, 127.8,126.8, 113.7, 68.1, 55.4, 26.4.
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(5)-1-(3-bromophenyl)ethanol (14),” yellow oil (12.2 mg)
!H NMR (500 MHz, CDCl5): § 7.51 (1H, d, J = 1.5 Hz), 7.40 (1H, m), 7.29 (1H, m), 7.22 (1H, m),

4.88 (1H, m), 1.49 (3H, d, J = 6.5 Hz); 3C NMR (125 MHz, CDCls): §148.1, 130.5, 130.1, 128.6,

124.0, 122.6, 69.8, 25.3.
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(5)-1-(3-aminophenyl)ethanol (15),8 colorless oil (3.1 mg)

'H NMR (400 MHz, ds-DMSO): 6 6.97 (1H, t, J = 8.8 Hz), 6.60 (1H, s), 6.50 (1H, d, J = 7.6 Hz),

6.43 (1H, dd, J=1.2, 8.0 Hz), 4.96 (2H, brs), 4.57 (1H, m), 1.30 (3H, d, J =6.4 Hz); *C NMR (125
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(5)-1-(2-bromophenyl)ethanol (16),° brown oil (11.8 mg)
IH NMR (400 MHz, ds-DMSO): & 7.64 (1H,m), 7.56 (1H, d, J = 8.0 Hz), 7.42 (1H, t, J = 7.6 Hz),

7.20 (1H, t, J = 7.6 Hz), 5.41 (1H, d, J = 4.0 Hz), 4.98 (1H, m), 1.33 (3H, d, J =6.4 Hz); **C NMR
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(R)-2-chloro-1-phenylethanol (17),%° light yellow oil (9.6 mg)

IH NMR (500 MHz, CDCls): & 7.38 (4H, m), 7.33 (1H, m), 4.91 (1H, m), 3.75 (1H, m), 3.66 (1H,

dd, J =11, 8.5 Hz), 2.63 (1H, d, J =3.0 Hz); 3C NMR (125 MHz, CDCls): § 139.8, 128.7, 128.5,

126.0, 74.1, 51.0.
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(R)-2-chloro-1-(2,4-dichlorophenyl)ethanol (18),!! white solid (15.0 mg)
1H NMR (500 MHz, CDCls): & 7.58 (1H, d, J = 8.5 Hz), 7.38 (1H, d, J = 2.0 Hz), 7.31 (1H, dd, J =
8.5, 2.0Hz), 5.26 (1H, m), 3.87 (1H, dd, J =3.0, 11.5 Hz), 3.52 (1H, dd, J =11.5, 8.5 Hz), 2.78 (1H,

d, J =3.5 Hz); 3C NMR (125 MHz, CDCl3): 6135.8, 134.6, 132.5, 129.3, 128.5, 127.6, 70.3, 49.2.
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(5)-4-phenylbutan-2-ol (19),'? colorless oil (6.7 mg)
IH NMR (500 MHz, CDCls): 6 7.29 (2H, d, J = 7.5 Hz), 7.21 (3H, m), 3.83 (1H, m), 2.76 (2H, m),
1.76 (2H, m), 1.24 (3H, d, J = 6.0 Hz); 13C NMR (125 MHz, CDCls): 6142.0, 128.4, 125.8, 67.5,

40.9, 32.1, 23.6.
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4-(4-nitrophenyl) -3-buten-2-one (52),® yellow solid (15.7 mg)

IH NMR (500 MHz, CDCls): 6 8.26 (2H, d, J = 8.5 Hz), 7.69 (2H, d, J = 8.5 Hz), 7.54 (1H, d, J =
16.5 Hz), 6.82 (1H, d, J = 16.5 Hz), 2.43 (3H, s); *C NMR (125 MHz, CDCls): §197.5, 148.6, 140.7,
140.1, 130.4, 128.8, 124.2, 28.
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4-(4-methoxy-phenyl) -3-ene-2-butanone (S3),** white solid (16.8 mg)
'H NMR (500 MHz, CDCl3): § 7.50 (2H, d, J = 8.5 Hz), 7.47 (1H, d, J = 16.0 Hz), 6.92 (2H, d, J = 9.0

Hz), 6.61 (1H, d, J = 16.0 Hz), 3.85 (3H, s), 2.36 (3H, s); 13C NMR (125 MHz, CDCls): 5198.4, 161.6,

143.2,130.0, 127.1, 125.1, 114.5, 55.4, 27 .4.
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