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A. General Information

The NMR spectra were recorded at 400 MHz and 500 MHz for ‘H, at 101 MHz and 125.8 MHz for
13C, at 376 MHz for *F and at 47 MHz for !B. The chemical shifts (8) for *H and **C are given in
ppm relative to residual signals of the solvents (CHCIl; @ 7.26 ppm *H NMR, 77.00 ppm *C NMR).
Coupling constants are given in Hz and are quoted to the nearest 0.5 Hz. The following abbreviations
are used to indicate the multiplicity: s, singlet; d, doublet; t, triplet; g, quartet; p, pentet; m, multiplet;
br s, broad signal;, app t, apparent triplet.

High-resolution mass spectra (HRMS) were obtained from the ICIQ High Resolution Mass
Spectrometry Unit on MicroTOF Focus and Maxis Impact (Bruker Daltonics) with electrospray
ionizationOptical rotations were measured on a Polarimeter Jasco P-1030 and are reported as follows:
[a]o rt(cin g per 100 mL, solvent).

The authors are indebted to the team of the Research Support Area at ICIQ, particularly to the NMR
and the High Resolution Mass Spectrometry Units. Grace Fox is thanked for proofreading the
manuscript. The authors are grateful to Pablo Bonilla for the synthesis and provision of the organic
catalyst (S)-B.

General Procedures. All reactions were set up under an argon atmosphere in oven-dried glassware
using standard Schlenk techniques, unless otherwise stated. Synthesis grade solvents were used as
purchased. Anhydrous solvents were taken from a commercial SPS solvent dispenser.
Chromatographic purification of products was accomplished using force-flow chromatography (FC)
on silica gel (35-70 mesh). For thin layer chromatography (TLC) analysis throughout this work,
Merck precoated TLC plates (silica gel 60 GFzss, 0.25 mm) were used, using UV light as the
visualizing agent and either phosphomolybdic acid in EtOH or basic aqueous potassium permangante
(KMnOQg), and heat as developing agents. Organic solutions were concentrated under reduced pressure
on a Buchi rotary evaporator (in vacuo at 40 °C, ~5 mbar).

Determination of Diastereomeric Ratio. The diastereomeric ratio was determined by *H NMR
analysis of the crude reaction mixture through integration of diagnostic signals.

Determination of Enantiomeric Purity: HPLC analysis on chiral stationary phase was performed
on an Agilient 1200 series HPLC, using a Daicel Chiralpak IC-3 column with i-PrOH:hexane as the
eluent. UPC? analysis on chiral stationary phase was performed on an Waters Acquity instrument
using a CEL1, ID3 or IE3 chiral colums. The exact conditions for the analyses are specified within
the characterization section. HPLC/UPC? traces were compared to racemic samples prepared by
running the reactions in the presence of a catalytic amount (20 mol%) of racemic catalyst A. This was
prepared by mixing equimolar amounts of amine catalysts (S)-A and its enantiomer (R)-A, both
synthetized according to literature procedures.'-

Materials: Commercial grade reagents and solvents were purchased at the highest commercial
quality from Sigma Aldrich, Fluka, Acros Organics, Tokyo Chemical Industry, Fluorochem or Alfa
Aesar and used as received, unless otherwise stated. Organic catalysts (S)-A, (R)-A and (S)-B were
synthesized according to previously reported procedures.> The majority of enals 1 and toluene
derivatives are commercially available. Cinnamaldehyde 1a was distilled prior to use. Enals 1d and
le were prepared according to the literature procedure,® whereas the synthetic procedures for
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compounds 1f, 1g, 3 and for the benzylic derivatives employed in the synthesis of products 2m and
2q are reported in section B of the Supporting Information.

B. Substrate Synthesis
Synthesis of (E)-3-(4-(trimethylsilyl)phenyl)acrylaldehyde (1f):

Pd(OAc); (5 mol%) 2

Br K,CO3, KCl, (n-Bu)sNOAc
OFt DMF, 90 °C H
\)\
Me;Si OEt then 2M HCI work-up
Mej3Si

1 (86% yield)

Compound 1f was prepared according to a reported literature procedure.? An oven-dried two-necked
flask, fitted with a condenser, was charged with Pd(OAc), (29.0 mg, 131 umol), K>COs (905 mg,
6.54 mmol), KCI (325 mg, 4.36 mmol), (n-Bu)s.NOAc (2.63 g, 8.73 mmol), (4-
bromophenyl)trimethylsilane (853 pL, 4.36 mmol) and 3,3-diethoxyprop-1-ene (2.00 mL, 13.1
mmol) in anhydorus DMF (45 mL). The resulting mixture was heated to 90 °C and stirred for 18
hours. The reaction was allowed to cool to room temperature and quenched by dropwise addition of
2M ag. HCI solution (30 mL). The resulting mixture was stirred at room temperature for further 15
minutes. Water (100 mL) was added and the crude mixture was extracted with Et,O (3 x 150 mL).
The organic phase were collected, dried over Na,SO., filtered and concentrated in vacuo. Purification
of the crude material by column chromatography on silica gel (gradient from 5% EtOAc in hexane to
10% EtOAc in hexane) gave product 1f (766 mg, 86% yield) as an off-white solid.

'H NMR (400 MHz, CDCls): $ 9.73 (d, J = 7.5 Hz, 1H), 7.65 — 7.43 (m, 5H), 6.76 (dd, J = 16.0, 7.5
Hz, 1H), 0.31 (s, 9H).

3C NMR (101 MHz, CDCls): 6 193.8, 152.9, 145.2, 134.2, 134.0, 128.7, 127.6, -1.3.

Synthesis of (E)-3-(3-(trifluoromethyl)phenyl)acrylaldehyde (19):

o}
o

I 0o H
FoC o, EtsN , CH,Cly, rt HJ\
_ BN, CHClp it |
\Q)kH Ph3F>\)I\H FaC

1g (30% yield)

Compound 1g was prepared according to a reported literature procedure.? To a solution of
(formylmethyl)triphenylphosphonium chloride (3.55 g, 10.4 mmol) in anhydrous CH>Cl, (50 mL)
was added Et;N (2.18 mL, 15.6 mmol) and, succesively, 3-(trifluoromethyl)benzaldehyde (1.39 mL,
10.4 mmol) dropwise. The reaction was stirred for 48 hours at room temperature and, then,
concentrated under reduced pressure. Purification of the crude material by column chromatography
on silica gel (gradient from 5% EtOAc in hexane to 10% EtOAc in hexane) gave product 1g (630 mg,
30% vield) as a yellow oil. The spectroscopic properties of this compound were consistent with the
data available in the literature.®

'H NMR (400 MHz, CDCl3): § 9.77 (d, J = 7.5 Hz, 1H), 7.83 (br. s, 1H), 7.78 (d, J = 7.5 Hz, 1H),
7.72 (d, J = 7.5 Hz, 1H), 7.60 (dd, J = 7.5 Hz, 1H), 7.53 (d, J = 16.0 Hz, 1H), 6.80 (dd, J = 16.0, 7.5
Hz, 1H).
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13C NMR (101 MHz, CDCly): § 193.1, 150.3, 134.8, 131.8 (q, 2Jcr = 33.0 Hz), 131.2 (q, “Jcr = 1.5
Hz), 130.0, 129.7, 127.6 (g, 3Jc.r = 3.5 Hz), 125.2 (4, 3Jc.r = 4.0 Hz), 123.6 (4, Yc.r = 272.5 Hz).
19 NMR (376 MHz, CDCls): & -63.09 (s, 3F).

Synthesis of (cyclopropylmethyl)benzene:

CuCl; (2 mol%)

BrMg —
v/\Br Ph—=——WMe
THF, 0°C tort

(90% yield)

This compound was prepared according to a reported literature procedure.* To a mixture of
(bromomethyl)cyclopropane (1.94 mL, 20.0 mmol), CuCl, (54.0 mg, 0.40 mmol) and 1-phenyl-1-
propyne (0.25 mL, 2.00 mmol) in anhydorus THF (25 mL) at 0 °C was added a 3M solution of
phenylmagnesium bromide (10.0 mL, 30.0 mmol) in Et,O. The mixture was stirred at 0 °C for 20
minutes, then, warmed up to room temperature and stirred overnight. The reaction was quenched by
slow addition of 1M ag. HCI solution (25 mL) and sat. aq. NH4CI solution (25 mL). The resulting
mixture was extracted with Et,O (3 x 100 mL). The organic phase were collected, dried over Na,SO.
and the solvent was removed under reduced pressure to deliver the crude material. Purification by
column chromatography on silica gel (hexane) provided the desired copuling product (2.38 g, 90%
yield) as a colourless liquid. The spectroscopic properties of this compound were consistent with the
data available in the literature.®

'H NMR (400 MHz, CDCls): 6 7.42 — 7.31 (m, 4H), 7.32 — 7.23 (m, 1H), 2.63 (d, J = 7.0 Hz, 2H),
1.14 - 1.01 (m, 1H), 0.63 — 0.58 (m, 2H), 0.38 — 0.21 (m, 2H).

3C NMR (101 MHz, CDCl3): § 142.2, 128.4, 128.3, 125.9, 40.4, 11.9, 4.7.

Synthesis of 2-(4-phenylbutyl)isoindoline-1,3-dione:

o)
o)
NH; Et;N
- . N
(0] PhMe, 120 °C @/\/\/

0O (¢]
(82% yield)

A solution of 4-phenylbutylamine (0.79 mL, 5.00 mmol), phthalic anhydride (741 mg, 5.00 mmol)
and triethylamine (2.79 mL, 20.0 mmol) in toluene (50 mL) was refluxed (120 °C) with a Dean-Stark
apparatus for 16 hours. The reaction mixture was allowed to cool down to room temperature and
concentrated under reduced pressure. The residue was re-dissolved in EtOAc (50 mL) and washed,
first, with sat. aq. NaHCQO; solution (2 x 25 mL) and, then, with water (25 mL). The organic phase
were combined, dried over Na;SO, and the solvent was removed in vacuo. Purification by column
chromatography on silica gel support (gradient from hexane to 20% EtOAc in hexane) gave the
desired amide (1.14 g, 82% yield) as a colourless solid. The spectroscopic properties of this compound
were consistent with the data available in the literature.®
'H NMR (400 MHz, CDCls): & 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.72 (dd, J = 5.5, 3.0 Hz, 2H), 7.35 —
7.24 (m, 2H), 7.23 — 7.13 (m, 3H), 3.74 (t, J = 7.0 Hz, 2H), 2.68 (t, J = 7.5 Hz, 2H), 1.82 — 1.62 (m,
4H).
13C NMR (101 MHz, CDCls): § 168.4, 142.0, 133.9, 132.2, 128.4, 128.3, 125.8, 123.2, 37.8, 35.4,
28.6, 28.2.
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Synthesis of 1,3-dioxoisoindolin-2-yl 4-phenylbutanoate:

on © DCC DMAP
o} wo ™ CH20I2
e}
(75% yleld

This compound was prepared according to a reported literature procedure.” To a stirring solution of
4-phenylbutirric acid (1.07 g, 6.50 mmol), N-hydroxyphthalimide (1.17 g, 7.15 mmol) and DMAP
(79.0 mg, 0.65 mmol) in CH.Cl, (30 mL) was added DCC (1.48 g, 7.15 mmol). The reaction was
stirred at room temperature for 6 hours and then placed in a freezer at -20 °C for 2 hours observing
the precipitation of the urea by-product, which was filtered and rinsed with cold Et,O. The filtrate
was concentrated under reduced pressure to provide the crude material. Purification by column
chromatography on silica gel (gradient from hexane to 20% EtOAc in hexane) gave the desired ester
(1.50 g, 75% yield) as a colourless solid.

'H NMR (400 MHz, CDCls): 8 7.96 — 7.87 (m, 2H), 7.86 — 7.77 (m, 2H), 7.37 — 7.30 (m, 2H), 7.31
—7.20 (m, 3H), 2.80 (t, J = 7.5 Hz, 2H), 2.70 (t, J = 7.5 Hz, 2H), 2.14 (tt, J = 7.5 Hz, 2H).

3C NMR (101 MHz, CDCls): § 169.4, 162.0, 140.7, 134.8, 129.0, 128.6, 128.5, 126.2, 124.0, 34.6,
30.2, 26.3.

Synthesis of methyl (S)-2-(4-isobutylphenyl)propanoate (3):

Me
Z_ _OH SOCl, MeOH OMe
Me T EE—— Me

o 0O°Ctort o)
Me’ Me’

m
@

3 (90% yield)

This compound was prepared according to a reported literature procedure.® To a solution of (S)-2-(4-
isobutylphenyl)propanoic acid (0.775 g, 5.00 mmol) in MeOH (50 mL) at 0 °C was added dropwise
thionyl chloride (2.4 g, 20.0 mmol). Completed the addition, the reaction was warmed to room
temperature and stirred overnight. The solvent was removed under reduced pressure and the resulting
residue was purified by column chromatography on silica gel (gradient from hexane to 10% Et,0 in
hexane) to give ester 3 (0.828 g, 90% yield) as a colourless liquid. The spectroscopic properties of
this compound were consistent with the data available in the literature.® [a]p?® = +69.4 (c = 0.95,
CHCly); Lit: [0]p?® = +64.6 (c = 1.00, CHClIs, for (S)-enantiomer).®

'H NMR (400 MHz, CDCls): & 7.19 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 3.70 (q, J = 7.0 Hz,
1H), 3.66 (s, 3H), 2.44 (d, J = 7.0 Hz, 2H), 1.85 (dp, J = 13.6, 7.0 Hz, 1H), 1.49 (d, J = 7.0 Hz, 3H),
0.90 (d, J = 7.0 Hz, 6H);

3C NMR (101 MHz, CDCls): 6 175.4, 140.7, 137.9, 129.5, 127.3,52.1, 45.2, 31.9, 30.3, 22.5, 18.8.
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C. Optimization Studies and Control Experiments

0}

Ph

1a

Table S1. Evaluation of different solvents

HP single LED (420 nm)

10 equiv. 5

irradiance 45+2 mW/cm

Q FsC
catalyst (S)-A (20 mol%) 3
H TFA (40 mol%) H R
) + toluene Fm
, _Ph

pn” 7
N
2a H

OTDS

solvent, 35 °C, 16 h (S)-A
entry Solvent Yield (%)  ee (%)

1 Cyclohexane 6

2 Benzene 28 68

3 Toluene 19 60
4 Chlorobenzene 40 68

5 Dichloroethane 57 83

6 Dichloromethane 57 83

7 Methyl t-butyl ether - -

8 Acetonitrile - -

9 Dimethylsulfoxide - -

10 Hexafluoroisopropanol

CF3

CF3

CF3

2 Yield of 2a determined by *H NMR analysis of the crude mixture using trichloroethylene as the internal

standard.

Ph
1a

entry

© 00 N oo O B~ W N

N T
A W N B O

H

Table S2. Screening of acid co-catalysts

catalyst (S)-A (20 mol%)
acid co-catalyst (x mol%) H
+ toluene Ph
10 equiv. HP single LED (420 nm) h 11, o

irradiance 45+2 mW/cm?
CH,Cl,, 35 °C, 16 h

Acid
Trifluoroacetic acid (40 mol%)
Diphenyl phosphate (40 mol%)

Trifluoromethansulfonic acid (40 mol%)
Methansulfonic acid (40 mol%)
Trichloroacetic acid (40 mol%)

Zn(CF3CO2)2 (40 mol%)
Zn(MeS0s)2 (40 mol%)
Zn(ClO4)2 (40 mol%)
Zn(BFa4)2 (40 mol%)
ZnBr2 (40 mol%)
Zn(CF3S03)2 (40 mol%)
Zn(CF3S0s3)2 (50 mol%)
Mg(CF3S0s3)2 (50 mol%)
Ca(CF3S0s)2 (50 mol%)

i FsC CF30F3
N oms CFs
(S)-A
Yield (%)? ee (%)
19 60
34 78
7 -
5< -
8 -
10 -
5< -
5< -
52 83
57 83
40 80
39 78
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2 Yield of 2a determined by 'H NMR analysis of the crude mixture using trichloroethylene as the internal
standard.

Table S3. Evaluation of toluene stoichiometry

o}
catalyst (S)-A (20 mol%) FsC CFa
H Zn(OTh3 (50 mol%) Ho R 3
+ toluene Ph Fu H
Ph . HP single LED (420 nm) ‘11, <
1 Neauiradiance 45:2 mWiem? PN ) H OTps  CFs
a CH,Cly, 35 °C, 48 h a (S)-A
entry Equiv. Yield (%)2 ee (%)
1 1 28 82
2 3 42 81
3 5 53 82
4 10 63 83

2Yield of 2a determined by H NMR analysis of the crude mixture using trichloroethylene as the internal
standard.

Table S4. Evaluation of the stoichiometry for elaborated substrates

)HL *G Jj p F.T%%S

catalyst (S)-A (20 mol%)
2Zn(0TH), (50 mol%)

HP single LED (420 nm)
irradiance 45+2 mW/cm?

g

N CF.
- OTDS 3
benzylic derivatives CH,Cl, 48 h, 35 °C (S)-A H
(n equiv.)
o [0} Me
h 9 0 0 2 :
H Ph H Ohe N H O OMe H CO,Me
H O
", i, , o ph””
Ph r"J Ph ph Ph
Ph Ph Ph Ph
for 20 for 2p for 2t for 2u for 4
3 equiv. 3 equiv. 3 equiv. 3 equiv. 3 equiv.
36% in situ yield, 1.6:1 dr 36% in situ yield, 1.6:1 dr

4 equiv.
49% in situ yield, 1.7:1 dr

5 equiv.

53% yield, 1.8:1 dr
85% €€major/83% €eminor
92% of recovered starting

material after FCC

10 equiv.
61% yield, 1.8:1 dr
88% €€nmajor/83% €eminor

4 equiv.
33% in situ yield, 1.5:1 dr

5 equiv.

55% yield, 1.6:1 dr
83% eemajor/ 78% €€minor
92% of recovered starting

material after FCC

10 equiv.
55% yield, 1.5:1 dr
81% €emajor/ 77% €€minor

26% in situ yield, 1.6:1 dr

4 equiv.
36% in situ yield, 1.6:1 dr

5 equiv.

51% yield, 1.5:1 dr
80% €€major/83% €eminor
92% of recovered starting

material after FCC

10 equiv.
52% yield, 1.4:1 dr
75% €€major/82% €€minor

26% in situ yield, 1:1 dr

4 equiv.
36% in situ yield, 1.1:1 dr

5 equiv.

45% yield, 1.1:1 dr
82% €€major/82% €eminor
93% of recovered starting

material after FCC

10 equiv.
51% vyield, 1:1 dr
80% ee/78% ee

28% in situ yield

4 equiv.
35% in situ yield

5 equiv.

50% isolated yield
1:1.3:8.2:10 dr
75% of recovered starting
material after FCC

10 equiv.
51% yield
1:1.3:8.2:10 dr

5 equiv.
35% in situ yield, 1.6:1 dr

5 equiv.

26% vyield, 2.5:1 dr

86% €eemajor/79% €€minor

OMe
',

10 equi unrecoverable benzylic derivative
uiv.
Ph 58% yield, 1.9:1 dr Ph (volatile)
91% ee/86% ee Ph )
o 85% of recovered starting 10. equiv.
for 2v material after FCC for 2n 30% vyield, 4 :1 dr

81% €emajor/75% €€minor

In most of the cases, such as for products 20-v and 4, the unreacted benzylic substrates can be completely
recovered in high purity during the purification procedure via flash column chromatography.
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o) F3C CFSCF Fo ArF
F 3 acid co-catalyst (40 mol%) - NEIT % A"
H Fmn z X N
) —% CDCl, 1t oTDS
Ph N oms CFs ) :
1a (S)-A (20 mol%) Ph I
| . o Fato
o 0
JI\ o Ph.__P<__Ph
“I FsC” “OH [ Sl
L ?
|
“ Lie
= L.
|
| 1
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Figure S1. Evaluating the ability of different Brgnsted acids to promote the iminium ion formation.
Characteristic *H NMR signals of the species involved (400 MHz, CDCls): 9.50 (d, J = 7.5 Hz, CHO of 1a),
8.73 (d, J = 11.0 Hz, CHN of iminium ion 1), 4.57 (t, J = 8.0 Hz, C1-H of (S)-A), 4.43 (br. t, J = 14.0 Hz, C1-
H of iminium ion 1).2 The spectrum on the left conerns the experiment performed with trifluoroacetic acid
(TFA), while the spectrum on the right refers to the experiment performed with diphenyl phosphate (DPP) as
acid co-catalyst. The presence of a doublet and broad triplet at 8.73 ppm and 4.43 ppm, respectively, is
diagnostic of the iminium ion formation occurring. Accordingly, this study showes that DPP is not acidic
enough to promote the condensation step, whereas TFA elicits the formation of iminium ion I.

Table S5. Reaction conditions re-optimization for adduct 2v

Q CF3

) Q FaC
catalyst (S)-A (20 mol%) Me CF,
H acid co-catalyst (x mol%) H 7
) + p-xylene Fue
Ph 10 equiv.  HP single LED (420 nm) P ", "
2v H

1a irradiance 452 mW/cm? OTDs  CFs
CH,Clp, 35°C, 48 h (S)-A
entry Acid Yield (%)? ee (%)
1 Zn(CF3S03)2 (50 mol%) 15 -
2 Trifluoroacetic acid (40 mol%) 57 80
3 Trifluoroacetic acid (60 mol%) 58 77
4 Trifluoroacetic acid (80 mol%) 60 75
5 Trifluoroacetic acid (100 mol%) 62 71
6 Trichloroacetic acid (100 mol%b) 62 83

2 Yield of 2v determined by 'H NMR analysis of the crude mixture using trichloroethylene as the internal
standard.
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Table S6. Effect of (S)-B vs (S)-A on enantioselectivity

o catalyst (S)-A (20 mol%) o

F4C CF3 (o CaFy7
‘)k Zn(0TH), (50 mol%) H e \©/ CF, . \O CaF7
H + N
of L mmmmy et TR, IO
irradiance 452 mW/cm? N CF N CsF
. - OTDS 3 " OTDS 37
1a toluene derivatives CH,Cl, 48 h, 35 °C 2 (S-AH (S)-B

wn
T

o o o
(o] [e] t-Bu
H H H Me
v Ph iy P 1y P H D H
ph” " ph” t-Bu
cl Me
for 2a for 2¢c for 2d for 2z for 2ab
(S)-A (S)-A (S)-A (S)-A (S)-A
63% yield, 83% ee 59% vyield, 67% ee 48% yield, 60% ee 47% yield, 77% ee 59% yield, 74% ee
(S)-B (S)-B (S)-B (S)-B (S)-B
61% yield, 83% ee 46% yield, 67% ee 35% vyield, 60% ee 46% yield, 80% ee 53% vyield, 75% ee
Table S7. Control Experiments
(0]
o CF
catalyst (S)-A (20 mol%) FaC °CF,
H Zn(OTh, (50 mol%) H K
+ toluene Fm z
Ph 10equy,  HP single LED (420 nm) ', - Ph 3
1a 9V irradiance 45:2 mWicm? PN 2a N omps CFs3

CH,Cly, 35 °C, 16 h (S)-A

entry  Zn(OTf)2 Catalyst Light  Yield 2a (%)?

1 X v v <5
2 v X v <5
3 v v X <5

2Yield of 2a determined by *H NMR analysis of the crude mixture using trichloroethylene as the internal
standard - no diagnostic signals for 2a formation were detcted.
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o

catalyst (S)-A (20 mol%)
H Zn(OTf), (50 mol%)
+ toluene F-"
HP single LED (420 nm) ,,/

Ph 10 equiv.

CF3

m\Q
O
hul
w

irradiance 45¢2 mW/cm? OTDS CF3
1a solvent, 35 °C, t (S)-A
Kinetic Profile

100

80 —
60
40
20

0 & _la

0 10 20 30 40 50
Time (h)
—@—2a —@—1la Cat. —@—c.c.

Figure S2. Determination of the reaction kinetic profile. The kinetic profile was studied monitoring the
progression in time of a benchmark reaction between cinnamaldehyde 1a and toluene, under optimized catalytic
conditions. The reaction mantained a constant level of enantioinduction (81-83% ee), while complete
consumption of enal 1a was observed after more than 40 hours. Accordingly, we decided to evaluate the scope
of the methodology running each reaction for 48 hours.

D. Experimental Procedures
D.1 General Procedure for the photochemical C-H functionalization of toluene and derivatives

C

catalyst (S)-A (20 mol%) CF3
acid co- catalyst (50 100 mo%
Fm
)\G HP single LED (420 nm) @
irradiance 45+2 mW/cm? N OTDS CF3

CH,Cl, (0.3M), 35 °C, 48 h

nu

General Procedure: A 15 mL Schlenk tube was charged with a mixture of amine catalyst (S)-A (0.02
mmol, 20 mol%, 14 mg), acid co-catalst (0.05-0.1 mmol, depending on the substrate) and enal 1 (0.1
mmol, 1 equiv.) in CH>Cl, (300 puL). The corresponding toluene derivative (1 mmol, 10 equiv.) was
added to the reaction vessel. This was placed under an atmosphere of argon, cooled to —78 °C,
degassed via vacuum evacuation (5 minutes), backfilled with argon and, ultimately, warmed to room
temperature. The freeze-pump-thaw cycle was repeated four times, and then the Schlenk tube was
sealed with Parafilm and placed into a 3D-printed plastic support mounted on an aluminium block
fitted with a 420 nm high-power single LED (A = 420 nm, irradiance = 45 mW/cm?, as controlled by
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an external power supply; the setup is detailed in Figure S3). This setup secured a reliable irradiation
while keeping a distance of 1 cm between the reaction vessel and the light source. The reaction was
stirred at ambient temperature for 48 hours. The solvent was removed in vacuo and the crude mixture
was purified by column chromatography on silica gel to give the corresponding product 2 in the stated
yield and enantiomeric purity. If not otherwise stated, full consumption of the limiting enal (1) was
observed by *H NMR analysis on the crude mixture at the end of the reaction.

In the case of the reactions delivering products 20-v and 4, it was possible to fully recover the
unreacted starting material (~90% recovered yield), as the first eluting compound, after purification
procedure via flash column chromatography.

N.B. The internal temperature of the reaction was detected to be ~35 °C, as measured with a
thermometer. In all cases, when the photochemical reaction was run carefully controlling and
mantaining the temperature at 35 °C by means of a chiller connected to the irradiation plate, it
proceeded with analogous efficiency.

top view front view

il | ™

3D printed support

420 nm high-power LED
on an aluminium block

- Schlenk tube

3D printed
support

Power supply

(controls the light intensity) aluminium block

holding the LED

Figure S3. Detailed set-up and illumination system. The light source for illuminating the reaction vessel consisted in a 420
nm high-power single LED (OCU-440 UE420-X-T) purchased from OSA OPTO."

D.2 Characterization of Products 2

0 (S)-3,4-diphenylbutanal (2a). Prepared according to the general procedure using enal
H)ﬁ 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), toluene (92.0 mg, 1
by P mmol), zinc(I1) triflate (18.2 mg, 50 mol%) and dichloromethane (300 pL). The crude

o 2a mixture was purified by flash column chromatography (hexane/diethyl ether 92:8) to

afford product 2a (14.6 mg, 63% vyield, 83% ee, average of two runs) as a colourless
oil that displayed spectroscopic data consistent with those reported previously.? The enantiomeric
excess was determined to be 83% by HPLC analysis on a Daicel Chiralpak 1C-3 column: 90:10
hexane/i-PrOH, flow rate 0.6 mL/min, A = 215 nm: Tmajor = 12.4 min, Tminor = 13.5 min. [a]p?® = -47.5
(c = 0.44, CHCls;, 83% ee); Lit: [a]o?® = -45.8 (c = 0.49, CHCls;, 88% ee for (S)-enantiomer).? The

*For more information on the LED used, visit https://www.osa-opto.com/tl_files/osa_opto/inhalte/files/datasheets/ocl-440/440 _UE420.pdf
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absolute configuration for compound 2a was determined in comparison to the data available in the
literature.? Accordingly, the absolute configuration for all of the products 2 was assigned likewise.
H NMR (500 MHz, CDCl3): 6 9.59 (t, J = 2.0 Hz, 1H), 7.31 - 7.14 (m, 8H), 7.08 — 7.04 (app d, J =
5.0 Hz 2H), 3.49 (p, J = 7.5 Hz, 1H), 2.96 (dd, J = 13.5, 7.1 Hz, 1H), 2.88 (dd, J = 13.5, 7.9 Hz, 1H),
2.81-2.70 (m, 2H);

13C NMR (125.8 MHz, CDCls): § 201.7, 143.4, 139.4, 129.3, 128.7, 128.5, 127.7, 126.9, 126.5, 49.1,
435, 42.2.

1 mmol scale reaction. The model
reaction was repeated on a more
synthetically useful scale using three
high power single LEDs and a 50 mL
round-bottom Schlenk flask to
increase the surface-area-to-volume
ratio, which secured a more efficient
irradiation of the reaction mixture
(see pictures to the left). To a 50 mL
round-bottom Schlenk flask
containing aminocatalyst (S)-A (0.2
mmol, 20 mol%, 141 mg), zinc(ll)
triflate (0,5 mmol, 181 mg) and cynnamaldehyde 1a (1 mmol, 1 equiv., 132 mg) in dichloromethane
(3 mL) was added toluene (10 mmol, 921 mg). The reaction vessel was placed under an atmosphere
of argon, cooled to — 78 °C, degassed via vacuum evacuation (5 min), backfilled with argon and,
ultimately, warmed to room temperature. The freeze-pump-thaw cycle was repeated five times, and
then three 420 nm high-power single LEDs (A = 420 nm, irradiance = 45 mW/cm?, as controlled by
an external power supply) were placed at 1 cm distance from the sides and the bottom of the Schlenk
flask. The reaction was stirred under visible light irradiation at ambient temperature (~35 °C) for 60
hours. The solvent was removed under reduced pressure and the crude mixture was purified by
column chromatography on silica gel (hexane/diethyl ether 92:8) to afford product 2a as a pale yellow
oil (111 mg, 51% yield, 83% ee).

o (R)-3,4-diphenylbutanal (ent-2a). Prepared according to the general procedure using
H)i/ enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (R)-A (14.1 mg, 20 mol%), toluene (92.0
on Mg, 1 mmol), zinc(11) triflate (18.2 mg, 50 mol%) and dichloromethane (300 L). The
Ph crude mixture was purified by flash column chromatography (hexane/diethyl ether
92:8) to afford product ent-2a (14.6 mg, 63% yield, 82% ee, average of two runs) as a
colourless oil that displayed spectroscopic data consistent with those reported previously.? The
enantiomeric excess was determined to be 82% by HPLC analysis on a Daicel Chiralpak IC-3 column:
90:10 hexane/i-PrOH, flow rate 0.6 mL/min, A = 215 nm: Tmajor = 13.5 Min, Tminor = 12.4 min. [a]p® =
+55.3 (¢ = 0.067, CHClI3, 82% ee).

ent-2a
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0 (S)-3-(4-fluorophenyl)-4-phenylbutanal (2b). Prepared according to the general
procedure using enal 1b (15.0 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
pn  MoOI%), toluene (92.0 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and
dichloromethane (300 pL). The crude mixture was purified by flash column
F 2b chromatography (hexane/diethyl ether 92:8) to afford product 2b (17.0 mg, 70%
yield, 80% ee, average of two runs) as a colourless oil that displayed spectroscopic
data consistent with those reported previously.? The enantiomeric excess was determined to be 80%
by UPC? analysis on a Daicel Chiralpak 1D-3 column: gradient CO,/MeCN from 100% CO, to 60:40
over 4 minutes, curve 6, flow rate 3 mL/min, A = 275 nm: Tmajor = 2.49 min, Tminor = 2.57 Min. [a]p?®=
-38.4 (c = 0.71, CHCls, 80% ee); Lit: [a]o? = -45.3 (c = 0.69, CHClI3, 85% ee for (S)-enantiomer).2
'H NMR (500 MHz, CDCls): 6 9.61 (t, J = 2.0 Hz, 1H), 7.25 — 7.21 (m, 2H), 7.20 — 7.15 (m, 1H),
7.12 —7.07 (m, 2H), 7.04 — 7.01 (m, 2H), 6.96 (t, J = 9.0 Hz, 2H), 3.49 (p, J = 7.5 Hz, 1H), 2.89 (d,
J=7.5Hz, 2H), 2.75 (dd, J = 7.5, 2.0 Hz, 2H);
BC NMR (125.8 MHz, CDCl3): § 201.7, 161.7 (d, 3Jc.r = 245.0 Hz), 139.1, 139.0 (d, “Jc-¢r = 3.0 Hz),
129.3, 129.1 (d, 3Jc.r = 8.0 Hz), 128.5, 126.6, 115.5 (d, 2Jc.r = 21.0 Hz), 49.3, 43.5, 41.3.

‘, o

0 (S)-3-(4-Chlorophenyl)-4-phenylbutanal (2c). Prepared according to the
general procedure using enal 1c (16.7 mg, 0.1 mmol), aminocatalyst (S)-A (14.1
pn Mg, 20 mol%), toluene (92.0 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50 mol%)
and dichloromethane (300 pL). The crude mixture was purified by flash column
cl 2¢ chromatography (hexane/diethyl ether 92:8) to afford product 2c (15.3 mg, 59%
yield, 67% ee, average of two runs) as a colourless oil that displayed
spectroscopic data consistent with those reported previously.? The enantiomeric excess was
determined to be 67% by UPC? analysis on a Daicel Chiralpak IE-3 column: gradient CO2/MeCN
from 100% CO- to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm: Tmajor = 4.2 Min,
Tminor = 4.41 min. [a]o?® = -46.5 (c = 0.49, CHClI3, 67% ee); Lit: [a]p?® = -56.8 (c = 0.69, CHClI3, 86%
ee for (S)-enantiomer).?
'H NMR (400 MHz, CDCl3): § 9.61 (t, J = 2.0 Hz, 1H), 7.32 — 7.11 (m, 5H), 7.10 — 7.00 (m, 4H),
3.48 (p, J = 7.5 Hz, 1H), 2.89 (d, J = 7.5 Hz, 2H), 2.75 (dd, J = 7.5, 2 Hz, 2H);
3C NMR (101 MHz, CDCls): 6 201.1, 141.8, 139.0, 132.6, 129.3, 128.9, 128.6, 126.6, 49.1, 43.3,
41.4.

‘", o

o (S)-4-phenyl-3-(p-tolyl)butanal (2d). Prepared according to the general

procedure using enal 1d (14.6 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20

pn  MoI%), toluene (92 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and

dichloromethane (300 pL). The crude mixture was purified by flash column

Me 2d chromatography (hexane/diethyl ether 92:8) to afford product 2d (11.3 mg, 48%

yield, 60% ee, average of two runs) as a colourless oil that displayed

spectroscopic data consistent with those reported previously.? The enantiomeric excess was

determined to be 60% by UPC? analysis on a Daicel Chiralpak 1D-3 column: gradient CO./MeCN

from 100% CO; to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A =220 nm: Tmajor = 3.01 min,

Tminor = 3.28 Min. [a]p?® =-19.3 (¢ = 0.25, CHClI3, 60% ee); Lit: [a]p?® = -42.5 (c = 0.50, CHCls, 78%
ee for (S)-enantiomer).?

‘", 7
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'H NMR (400 MHz, CDCls): § 9.57 (t, J = 2.0 Hz, 1H), 7.28 — 7.15 (m, 3H), 7.11 — 7.02 (m 6H),
3.45 (p, J = 7.5 Hz, 1H), 2.95 (dd, J = 13.5, 7.0 Hz, 1H), 2.85 (dd, J = 13.5, 8.0 Hz, 1H), 2.77 — 2.66
(m, 2H), 2.31 (s, 3H);

BC NMR (101 MHz, CDCls): 4 201.9, 140.3, 139.6, 136.4, 129.4, 128.5, 127.5, 126.5, 49.1, 43.5,
41.8, 21,2.

0 (S)-4-phenyl-3-(o-tolyl)butanal (2e). Prepared according to the general procedure
using enal 1e (14.6 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), toluene
pn (92 mg, L mmol), zinc(I) triflate (18.2 mg, 50 mol%) and dichloromethane (300 uL).
The crude mixture was purified by flash column chromatography (hexane/diethyl
Z'Z'e ether 92:8) to afford product 2e (11.5 mg, 48% yield, 72% ee, average of two runs)
as a colourless oil that displayed spectroscopic data consistent with those reported
previously.? The enantiomeric excess was determined to be 72% by UPC? analysis on a Daicel
Chiralpak IE-3 column: gradient CO2/MeCN from 100% CO- to 60:40 over 4 minutes, curve 6, flow
rate 3 mL/min, A = 220 nm: Tmajor = 3.58 min, Tminor = 3.75 Min. [a]p?® = -26.4 (¢ = 0.37, CHCls, 72%
ee).
'H NMR (400 MHz, CDCls):  9.56 (t, J = 2.0 Hz, 1H), 7.25 — 7.14 (m, 5H), 7.12 — 7.07 (m, 2H),
7.04 (d, J=8.0 Hz, 2H) 3.76 (p, J = 7.5 Hz, 1H), 2.91 (dd, J = 13.5, 7.0 Hz, 1H), 2.85 - 2.70 (m, 3H),
2.21 (s, 3H);
3C NMR (101 MHz, CDCls): 8 201.7, 141.6, 139.5, 136.0, 130.6, 129.3, 128.4, 126.51, 126.0, 49.0,
43.2, 36.9, 19,7.

‘y,

0 (S)-4-phenyl-3-(4-(trimethylsilyl)phenyl)butanal (2f). Prepared according
to the general procedure using enal 1f (20.4 mg, 0.1 mmol), aminocatalyst (S)-

pn A (14.1 mg, 20 mol%), toluene (92 mg, 1 mmol), zinc(l) triflate (18.2 mg, 50
mol%) and dichloromethane (300 pL). The crude mixture was purified by flash

MesSi column chromatography (hexane/diethyl ether 92:8) to afford product 2f (14.8

o mg, 50% yield, 70% ee, average of two runs) as an off-white solid. The

enantiomeric excess was determined to be 70% by UPC? analysis on a Daicel Chiralpak IE-3 column:

gradient CO2/MeCN from 100% CO; to 60:40 over 4 minutes, curve 6, flow rate 2 mL/min, A = 210

nM: Tmajor = 3.97 min, Tminor = 4.79 Min. [a]p?®=-19.8 (¢ = 0.14, CHCl3, 70% ee).

'H NMR (400 MHz, CDCls): 6 9.59 (t, J = 2.0 Hz, 1H), 7.47 (d, J = 8.0 Hz, 2H), 7.31 - 7.25 (m, 2H),

7.24 —7.18 (m, 3H), 7.15 — 7.10 (m, 2H), 3.51 (tt, J = 8.5, 6.5 Hz, 1H), 3.03 (dd, J = 13.5, 6.5 Hz,

1H), 2.88 (dd, J = 13.5, 8.5 Hz, 1H), 2.82 — 2.69 (m, 2H), 0.28 (s, 9H).

C NMR (101 MHz, CDCls): & 201.6, 143.9, 139.3, 138.7, 133.7, 129.2, 128.4, 126.9, 126.4, 48.7,

43.2,41.9, -1.10.

HRMS (ESI) Exact mass calculated for C19H24NaOSi [M+Na]*: 319.1489, found: 319.1488.

Ko

o (S)-4-phenyl-3-(3-(trifluoromethyl)phenyl)butanal (2g). Prepared according
to the general procedure using enal 1g (20.0 mg, 0.1 mmol), aminocatalyst (S)-
pn A (14.1 mg, 20 mol%), toluene (92 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50
mol%) and dichloromethane (300 pL). The crude mixture was purified by flash
column chromatography (hexane/diethyl ether 92:8) to afford product 2g (9.6
mg, 33% vyield, 84% ee, average of two runs) as a pale yellow oil. The
enantiomeric excess was determined, upon sodium borohydride reduction of the isolated aldehyde to

‘",

2g
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afford the corresponding alcohol, to be 84% by UPC? analysis on a Daicel Chiralpak I1E-3 column:
gradient CO/MeOH from 100% CO; to 80:20 over 4 minutes, curve 6, flow rate 2 mL/min, A = 215
NM: Tmajor = 3.97 min, Tminor = 4.06 Min. [a]p? = -25.8 (¢ = 0.21, CHCls, 84% ee).

'H NMR (400 MHz, CDCls): 6 9.64 (t, J=1.5Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.44 — 7.37 (m, 2H),
7.34 (d, J =8.0 Hz, 1H), 7.28 — 7.17 (m, 3H), 7.07 — 7.01 (m, 2H), 3.60 (tt, J = 7.5 Hz, 1H), 2.94 (d,
J=7.5Hz, 2H), 2.83 (dd, J = 7.5, 1.5 Hz, 2H).

C NMR (101 MHz, CDCls): 8 200.5, 144.3, 138.6, 131.13 (g, “Jc-r = 1.0 Hz), 130.9 (q, 2Jcr = 32.0
Hz), 129.2, 129.0, 128.4, 126.6, 124.2 (q, 3Jc-r = 4.0 Hz), 124.1 (q, Ncr = 272.5 Hz), 123.6 (q, 3Jcr
=4.0 Hz), 48.7, 43.0, 41.6.

F NMR (376 MHz, CDCl3): 8 -62.70 (s, 3F).

HRMS (ESI) Exact mass calculated for CigHisF3NaO, [M+CH3OH+Na]*: 347.1229, found:
347.1245.

o (S)-4-(4-fluorophenyl)-3-phenylbutanal (2h). Prepared according to the
H)ﬁ F general procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1
/©/ mg, 20 mol%), 4-fluorotoluene (110 mg, 1 mmol), zinc(Il) triflate (18.2 mg, 50
o 'Zh mol%) and dichloromethane (300 pL). The crude mixture was purified by flash
column chromatography (hexane/diethyl ether 92:8) to afford product 2h (16.2
mg, 67% yield, 80% ee, average of two runs) as a pale yellow oil that displayed spectroscopic data
consistent with those reported previously.? The enantiomeric excess was determined, upon sodium
borohydride reduction of the isolated aldehyde to afford the corresponding alcohol, to be 80% by
HPLC analysis on a Daicel Chiralpak 1C-3 column: 90:10 hexane/i-PrOH, flow rate 0.5 mL/min, A =
215 NM. Tmajor = 16.0 min, Tminor = 15.1 min. [a]p® = -49.1 (c = 0.18, CHCls); Lit: [a]p?® = -46.0 (C =
0.63, CHCls, 92% ee for (S)-enantiomer).?
'H NMR (400 MHz, CDCls):  9.65 (t, J = 2.0 Hz, 1H), 7.33 — 7.26 (m, 2H), 7.26 — 7.19 (m, 1H),
7.18 —7.11 (m, 2H), 7.03 - 6.96 (m, 2H), 6.96 — 6.88 (m, 2H), 3.47 (tt, J = 7.5 Hz, 1H), 2.92 (d, J =
7.5 Hz, 2H), 2.85 - 2.72 (m, 2H).
13C NMR (101 MHz, CDCls): 8 201.3, 161.5 (d, YJc.r = 244.5 Hz), 142.8, 134.9 (d, “Jc.r = 3.5 H2),
130.6 (d, 3Jc.r = 8.0 Hz), 128.6, 127.5, 126.8, 115.1 (d, 2Jc.r = 21.0 Hz), 49.0, 42.4, 42.0.
F NMR (376 MHz, CDCl3): 6 -116.92 (tt, *Ju.r = 8.5 Hz, *Ju.r = 5.5 Hz, 1F).

o (S)-3-phenyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-yl)phenyl) but-
H)ﬁ Brin anal (2i). Prepared according to the general procedure using enal 1a (13.2 mg,
o /©/ 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), 4,4,5,5-tetramethyl-2-(p-
2i tolyl)-1,3,2-dioxaborolane (218 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 0.05
mmol) and dichloromethane (300 uL). The crude mixture was purified by flash
column chromatography (hextane/diethyl ether 92:8) to afford product 2i (19.0 mg, 54% yield, 80%
ee, average of two runs) as a pale yellow oil. The enantiomeric excess was determined to be 80% by
UPC? analysis on a Daicel Chiralpak IE-3 column: gradient CO,/MeCN from 100% CO- to 60:40
over 4 minutes, curve 6, flow rate 2 mL/min, A = 229 nm: Tmajor = 1.74 min, Tminor = 2.00 min. [o]p 2
=-29.7 (c=0.37, CHCI3, 80% ee).
'H NMR (400 MHz, CDCl3) 8 9.59 (t, J = 1.9 Hz, 1H), 7.67 (d, J = 7.9 Hz, 1H), 7.30 — 7.24 (m, 3H),
7.22 —7.13 (m, 3H), 7.06 (d, J = 7.9 Hz, 2H), 3.50 (p, J = 7.5 Hz, 1H), 2.93 (qd, J = 13.5, 7.5 Hz,
2H), 2.82 — 2.67 (m, 2H), 1.33 (s, 1H);
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3C NMR (101 MHz, CDClg) 8 201.6, 143.2, 142.7, 135.0, 128.8, 128.8, 128.7, 127.7, 126.9, 83.9,
49.1, 43.6, 42.0, 29.9, 25.0;

B NMR (47 MHz, CDCls) 6 30.8;

HRMS (ESI) Exact mass calculated for C2;H27NaO3sB [M+Na]*: 372.1982, found: 372.1973.

o (S)-3-phenyl-4-(4-(trimethylsilyl)phenyl)butanal (2j). Prepared according
y )lj siMe, to the general procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst
. /©/ (S)-A (14.1 mg, 20 mol%), trimethyl(p-tolyl)silane (164 mg, 1 mmol),
L zinc(I1) triflate (18.2 mg, 50 mol%) and dichloromethane (300 pL). The
2j
crude mixture was purified by flash column chromatography (hexane/diethyl
ether 92:8) to afford product 2j (16.5 mg, 56% yield, 80% ee, average of two runs) as a colourless
oil. The enantiomeric excess was determined, upon sodium borohydride reduction of the isolated
aldehyde to afford the corresponding alcohol, to be 80% by HPLC analysis on a Daicel Chiralpak IC-
3 column: 90:10 hexane/i-PrOH, flow rate 0.6 mL/min, A = 215 nm: Tvajor = 10.0 min, Tminor = 11.0
min. [o]p?® = -40.1 (c = 0.67, CHCl3, 80% ee).
'H NMR (400 MHz, CDCls): §9.58 (t, J = 2.0 Hz, 1H), 7.40 (d, J = 7.9 Hz, 2H), 7.32 — 7.27 (m, 2H),
7.24—7.17 (m, 3H), 7.07 (d, J = 7.9 Hz, 2H), 3.55-3.44 (m, 1H), 2.99 (dd, J = 13.5, 6.7 Hz, 1H), 2.85
(dd, J =13.6, 8.3 Hz, 1H), 2.80 — 2.67 (m, 2H), 0.24 (s, 9H);
3C NMR (101 MHz, CDCls):  201.8, 143.5, 140.0, 138.3, 133.6, 128.8 (2 signals), 127.7, 126.9,
49.0, 43.4,42.0, -0.9.
HRMS (ESI) Exact mass calculated for C19H24NaOSi [M+Na]*: 319.1484, found: 319.14809.

o (S)-4-methyl-3,4-diphenylpentanal (2k). Prepared according to the general
H)fj procedure using enal la (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
., e~ mol%), cumene (120 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and
y dichloromethane (300 pL). The crude mixture was purified by flash column
2k chromatography (hexane/diethyl ether 92:8) to afford product 2k (9.6 mg, 38% vyield,
53% ee, average of two runs) as a pale yellow oil that displayed spectroscopic data
consistent with those reported previously.? The enantiomeric excess was determined to be 53% by
HPLC analysis on a Daicel Chiralpak 1C-3 column: 90:10 hexane/i-PrOH, flow rate 1.0 mL/min, A =
215 nm: Tvajor = 8.4 MIN, Tminor = 12.2 min. [0]p?® = -35.2 (¢ = 0.11, CHCl3, 53% ee); Lit: [a]p?® = -
33.0 (¢ = 0.37, CHCls, 71% ee for (S)-enantiomer).?
'H NMR (400 MHz, CDCls): 8 9.34 (dd, J = 3.0, 1.5 Hz, 1H), 7.41 — 7.31 (m, 4H), 7.31 — 7.21 (m,
4H), 7.15-7.09 (m, 2H), 3.53 (dd, J = 11.0, 4.0 Hz, 1H), 2.81 (ddd, J = 16.5, 11.0, 3.0 Hz, 1H), 2.46
(ddd, J=16.5, 4.0, 1.5 Hz, 1H), 1.33 (s, 3H), 1.24 (s, 3H).
13C NMR (101 MHz, CDCls): 4 202.0, 147.9, 140.2, 130.0, 128.3, 128.0, 127.0, 126.6, 126.3, 51.2,
45.0,41.2,28.8, 23.2.

0 (3R)-3,4-diphenylpentanal (21). Prepared according to the general procedure using
HJ] enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), ethylbenzene
wm, Me (106 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and dichloromethane (300

o uL). The d.r. was determined to be 1.5:1 by *H NMR analysis of the crude mixture,

2 which was purified by flash column chromatography (hexane/diethyl ether 92:8) to
afford product 2l (15.9 mg, 67% yield, average of two runs) as an off-white solid that displayed

Ph
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spectroscopic data consistent with those reported previously.? The enantiomeric excess of both
diastereoisomers was determined, upon sodium borohydride reduction of the isolated aldehydes to
afford the corresponding alcohols, by HPLC analysis on a Daicel Chiralpak 1C-3 column, 97:3
hexane/i-PrOH, flow rate 1.2 mL/min, A = 215 nm. Major diastereomer: tmajor = 24.9 Min, Tminor =
20.4 min. Minor diastereomer: twajor = 18.0 Min, Tminor = 19.1 min. [a]o % = -19.4 (¢ = 0.087, CHCls,
1.5:1 d.r., 80% €€major, 77% €€minor); Lit: [a]p?® = -40.4 (¢ = 0.42, CHCls3, 1.2:1 d.r., 92% €€major, 92%
eeminor fOr (3R)-enantiomer).?

Spectroscopic data for major diastereoisomer:

'H NMR (400 MHz, CDCl3) 6 9.38 (dd, J = 2.5, 1.5 Hz, 1H), 7.43 — 7.12 (m, 8H), 7.05 — 6.97 (m,
2H), 3.33 (td, J = 10.5, 4.5 Hz, 1H), 2.92 (dq, J = 10.5, 7.0 Hz, 1H, A), 2.65 (ddd, J = 16.5, 10.5, 2.5
Hz, 1H), 2.49 (ddd, J = 16.5, 4.5, 1.5 Hz, 1H), 1.07 (d, J = 7.0 Hz, 3H).

3C NMR (125.8 MHz, CDCls)  201.6, 145.1, 142.6, 128.7, 128.7, 128.1, 127.6, 126.8, 126.7, 49.0,
47.5, 46.0, 20.5.

Spectroscopic data for minor diastereoisomer:

'H NMR (400 MHz, CDCls) 6 9.60 (t, J = 2.0 Hz, 1H), 7.43 - 7.12 (m, 8H), 7.05 - 6.97 (m, 2H), 3.49
(td, J=7.5, 7.5 Hz, 1H), 3.09 (dg, J = 7.0, 7.0 Hz, 1H), 2.83 (dd, J = 7.5, 2.0 Hz, 2H), 1.31 (d, J =
7.0 Hz, 3H).

3C NMR (125.8 MHz, CDCl3) § 202.0, 143.8, 141.5, 128.5, 128.1 (2 signals), 128.0, 126.6, 126.3,
46.6, 46.1, 45.0, 18.0.

o) (3R)-4-cyclopropyl-3,4-diphenylbutanal (2m). Prepared according to the general
H procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
mol%), (cyclopropylmethyl)benzene (132 mg, 1 mmol), zinc(ll) triflate (18.2 mg,

g 50 mol%) and dichloromethane (300 pL). The d.r. was determined to be 1:1 by *H
2m NMR analysis of the crude mixture, which was purified by flash column
chromatography (hexane/diethyl ether 92:8) to afford product 2m (10.3 mg, 39% yield, average of
two runs) as an off-white solid. The enantiomeric excess of both diastereoisomers was determined,
upon sodium borohydride reduction of the isolated aldehydes to afford the corresponding alcohols,
by UPC? analysis on a Daicel Chiralpak CEL-1 column: gradient CO/i-PrOH from 100% CO; to
60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm. Diastereomer A: twajor = 4.07 min,
Tminor = 3.96 min. Diastereomer B: tvajor = 4.42 Min, Tminor = 4.13 min. [a]o?® =-15.4 (¢ = 0.15, CHCl;,
1:1.d.r., 82% eea, 85% ees).
Spectroscopic data for diastereoisomer A:
'H NMR (400 MHz, CDCls): § 9.69 (t, J = 2.0 Hz, 1H), 7.38 — 7.11 (m, 10H), 3.71 (ddd, J = 9.0, 8.0,
6.0 Hz, 1H), 3.10 (ddd, J = 17.0, 6.0, 2.0 Hz, 1H), 2.84 (ddd, J = 17.0, 9.0, 2.0 Hz, 1H), 2.01 (dd, J =
10.5, 8.0 Hz, 1H), 1.07 (dddd, J = 13.0, 10.5, 8.0, 5.0 Hz, 1H), 0.76 (dddd, J = 9.0, 7.5, 6.0, 4.5 Hz,
1H), 0.44 (dddd, J = 9.0, 8.0, 5.5, 4.5 Hz, 1H), 0.34 (ddd, J = 10.5, 9.0, 5.0 Hz, 1H), 0.03 (ddd, J =
9.0, 5.5, 4.5 Hz, 1H).
13C NMR (101 MHz, CDCls, aromatic C-H signals were not assigned and reported for both
diastereoisomers): 6 201.7, 142.8, 141.5, 128.6 (Car-H), 128.5 (2 signals, Car-H), 128.4 (Car-H),
128.3 (Car-H), 128.2 (Car-H), 128.0 (Car-H), 127.8 (Car-H), 56.9, 47.4, 46.3, 14.9, 7.7, 1.0.
Spectroscopic data for diastereoisomer B:
'H NMR (400 MHz, CDCls): § 9.46 (dd, J = 2.5, 1.5 Hz, 1H), 7.38 — 7.11 (m, 6H), 7.00 — 6.96 (m,
2H), 6.95 - 6.92 (m, 2H), 3.62 (ddd, J = 9.5, 9.5, 5.0 Hz, 1H), 2.75 (ddd, J = 17.0, 9.5, 2.5 Hz, 1H),
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2.61 (ddd, J=17.0, 5.0, 1.5 Hz, 1H), 2.09 (dd, J = 9.5, 9.5 Hz, 1H), 0.98 — 0.88 (m, 1H), 0.31 - 0.21
(m, 2H), -0.08 —-0.15 (m, 1H), -0.21 — -0.27 (m, 1H).

BC NMR (101 MHz, CDClIs, aromatic C-H signals were not assigned and reported for both
diastereoisomers): 6 202.1, 143.4, 142.3, 128.6 (Car-H), 128.5 (2 signals, Car-H), 128.4 (Car-H),
128.3 (Car-H), 128.2 (Car-H), 128.0 (Car-H), 127.8 (Car-H), 56.7, 48.2, 46.7, 15.3, 7.2, 2.8.

HRMS (ESI) Exact mass calculated for C19H20NaO [M+Na]*: 287.1406, found: 287.1403.

0 (3R)-3,4-diphenylhept-6-enal (2n). Prepared according to the general procedure
HJ] _~ using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), 4-
o 9/ phenyl-1-butene (66.1 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and
g CH.Cl, (300 pL). The d.r. was determined to be 2.5:1 by *H NMR analysis of the
2n crude mixture, which was purified by flash column chromatography (hexane/diethyl
ether 92:8) to afford product 2n (6.8 mg, 26% vyield, average of two runs) as a colourless solid that
displayed spectroscopic data consistent with those reported previously.? The enantiomeric excess was
determined by HPLC analysis on a Daicel Chiralpak IC-3 column: 95:5 hexane/i-PrOH, flow rate 0.5
mL/min, A = 215 nm. Major diastereomer: tmajor = 19.9 Min, Tminor = 26.4 min. Minor diastereomer:
TMajor = 15.9 MiN, Tminor = 16.7 min. [a]p?® =-1.3 (¢ = 0.11, CHCls, 4:1 d.r., 86% €€major, 79% E€minor);
Lit: [a]p?=-1.7 (c = 0.48, CHCls, 1.5:1 d.r., 92% €€major, 90% eeminor for (3R)-enantiomer).2
Spectroscopic data for major diastereoisomer:
'H NMR (400 MHz, CDCls): 6 9.36 (dd, J = 2.5, 1.5 Hz, 1H), 7.41 — 7.16 (m, 10H), 5.43 (ddt, J =
17.0, 10.5, 7.0 Hz, 1H), 4.84 — 4.69 (m, 2H), 3.42 (td, J = 10.5, 4.5 Hz, 1H), 2.93 — 2.75 (m, 1H),
2.62 (ddd, J =17.0, 10.5, 2.5 Hz, 1H), 2.57 — 2.37 (m, 1H), 2.27 — 2.14 (m, 2H).
3C NMR (101 MHz, CDCls): § 201.5, 142.7, 142.4, 136.5, 128.9, 128.8, 128.6, 128.3, 127.1, 127.0,
116.2, 52.1, 49.0, 46.3, 38.5.
Spectroscopic data for minor diastereoisomer:
'H NMR (400 MHz, CDCls): 6 9.64 (t, J = 2.0 Hz, 1H), 7.41 — 7.16 (m, 8H), 6.95 — 6.85 (m, 2H),
5.64 (ddt, J = 17.0, 10.0, 6.5 Hz, 1H), 5.08 — 4.92 (m, 2H), 3.61 (dt, J = 9.0, 6.0 Hz, 1H), 3.01 (dt, J
= 9.6, 6.0 Hz, 1H), 2.93 — 2.75 (m, 2H), 2.57 — 2.37 (m, 2H).
13C NMR (101 MHz, CDCls): 6 202.0, 142.8, 142.4, 136.8, 129.4, 129.1, 128.1, 127.9, 126.8, 126.6,
116.7, 50.6, 47.2, 44.5, 37.0.

0 (3R)-3,4,5-triphenylpentanal (20). Prepared according to the general procedure using
H)‘j e enal la (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), 1,2-
diphenylethane (91 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and
o dichloromethane (300 pL). The d.r. was determined to be 1.8:1 by *H NMR analysis of
the crude mixture, which was purified by flash column chromatography (hexane/diethyl
ether 97:3) to afford product 20 (16.7 mg, 53% vyield, average of two runs) as an off-white solid. The
enantiomeric excess of both diastereocisomers was determined, upon sodium borohydride reduction
of the isolated aldehydes to afford the corresponding alcohols, by UPC? analysis on a Daicel
Chiralpak CEL-1 column: gradient CO»/MeOH from 100% CO, to 60:40 over 4 minutes, curve 6,
flow rate 3 mL/min, A = 210 nm. Major diastereomer: tvajor = 4.13 MiN, Tminor = 4.00 Min. Minor
diastereomer: tvajor = 4.41 Min, Tminor = 4.27 min. [a]p % = -20.4 (c = 0.11, CHCl3, 1.8:1 d.r., 85%
eemajor, 83% eeminor)-
Spectroscopic data for major diastereoisomer:
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'H NMR (400 MHz, CDCls): 6 9.39 (dd, J=2.5, 1.5 Hz, 1H), 7.46 — 6.82 (m, 13H), 6.70 (dd, J = 7.5,
2.0 Hz, 2H), 3.54 (td, J = 10.5, 4.5 Hz, 1H), 3.15 - 2.99 (m, 1H), 2.97 — 2.87 (m, 1H), 2.87 — 2.74
(m, 1H), 2.71 - 2.54 (m, 1H), 2.49 (ddd, J = 17.0, 4.5, 1.5 Hz, 1H).

C NMR (101 MHz, CDCls): 8 201.3, 142.8, 142.0, 140.2, 128.9, 128.8, 128.6, 128.5, 128.2, 127.8,
127.1, 126.8, 125.6, 54.5, 49.0, 46.2, 40.7.

Spectroscopic data for minor diastereoisomer:

'H NMR (400 MHz, CDCls): 8 9.62 (t, J = 2.0 Hz, 1H), 7.46 — 6.82 (m, 15H), 3.65 (dt, J = 9.0, 6.0
Hz, 1H), 3.30 (dt, J = 9.0, 6.0 Hz, 1H), 3.15-2.99 (m, 1H), 2.87 — 2.74 (m, 1H), 2.71 — 2.54 (m, 2H).
3C NMR (101 MHz, CDCls): 5 201.8, 140.5, 140.4, 140.0, 129.3, 129.1, 129.0, 128.2, 128.0, 127.7,
126.7, 126.5, 125.9, 52.2, 47.4, 44.3, 38.9.

HRMS (ESI) Exact mass calculated for C2sH26NaO, [M+CH3;OH+Na]*: 369.1825, found: 369.1841.

o (4R)-6-0x0-3,4-diphenylhexyl acetate (2p). Prepared according to the general
H)ﬁ OAc procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
s J mol%), 3-phenylpropyl acetate (89 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50
2 P mol%) and dichloromethane (300 pL). The d.r. was determined to be 1.6:1 by 'H
NMR analysis of the crude mixture, which was purified by flash column
chromatography (gradient from hexane/diethyl ether 90:10 to hexane/diethyl ether 50:50) to afford
the major diastereoisomer of product 2p (10.4 mg) as a pale yellow oil. Continued elution delivered
the minor diastereoisomer of 2p (6.9 mg) as a yellow oil (55% overall yield, average of two runs).
The enantiomeric excess of both diasterecisomers was determined, upon sodium borohydride
reduction of the isolated aldehydes to afford the corresponding alcohols, by HPLC analysis on a
Daicel Chiralpak IC-3 column: 90:10 hexane/i-PrOH, flow rate 1.2 mL/min, A = 215 nm. Major
diastereomer: tvajor = 26.4 Min, Tminor = 32.0 min. Minor diastereomer: tvajor = 26.7 MiN, Tminor = 24.8
min.
Characterization for major diastereoisomer:
[a]po?® =-8.8 (c = 0.15, CHCls, 83% e€major).
'H NMR (400 MHz, CDCls): 8 9.35 (dd, J = 2.5, 1.5 Hz, 1H), 7.41 — 7.33 (m, 4H), 7.32 — 7.22 (m,
6H), 3.78 (ddd, J = 11.0, 7.0, 5.5 Hz, 1H), 3.64 (dt, J = 11.0, 7.5 Hz, 1H), 3.39 (ddd, J = 10.5, 10.5,
4.5 Hz, 1H), 2.89 (ddd, J = 10.5, 10.5, 5.0 Hz, 1H), 2.62 (ddd, J = 17.0, 10.5, 2.5 Hz, 1H), 2.44 (ddd,
J=17.0,4.5, 1.5 Hz, 1H), 1.90 (s, 3H), 1.82 — 1.70 (m, 2H).
3C NMR (101 MHz, CDCl3): 5 201.1, 170.8, 142.3, 141.8, 129.0, 128.9, 128.2, 128.1, 127.2, 127.1,
62.8, 49.0, 48.7, 46.6, 32.8, 20.8.
HRMS (ESI) Exact mass calculated for CaoH22NaO3z [M+Na]*: 333.1461, found: 333.1461.
Characterization for minor diastereoisomer:
[a]o % =+6.2 (c = 0.26, CHCls, 78% €€minor).
'H NMR (400 MHz, CDCls):  9.64 (t, J = 2.0 Hz, 1H), 7.24 — 7.14 (m, 6H), 6.95 — 6.91 (m, 2H),
6.91 - 6.86 (m, 2H), 3.96 (ddd, J = 11.0, 7.5, 5.0 Hz, 1H), 3.81 (dt, J = 11.0, 7.5 Hz, 1H), 3.55 (ddd,
J=9.0, 6.5, 6.5 Hz, 1H), 3.03 (ddd, J = 11.0, 6.5, 4.0 Hz, 1H), 2.88 (ddd, J = 17.0, 6.5, 2.0 Hz, 1H),
2.79 (ddd, J =17.0, 9.0, 2.0 Hz, 1H), 2.19 — 2.06 (m, 1H), 2.05 — 1.90 (m, 4H).
13C NMR (101 MHz, CDCls): 6 201.5, 170.9, 140.5, 139.9, 128.9, 128.8, 128.1, 128.0, 126.8, 126.8,
62.9, 47.5, 46.9, 45.1, 31.6, 20.9.
HRMS (ESI) Exact mass calculated for CaoH22NaO3z [M+Na]™: 333.1461, found: 333.1473.
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o) (R)-6-chloro-3,4-diphenylhexanal (2q). Prepared according to the general
H)ﬁ €' procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
o J mol%), (3-chloropropyl)benzene (77 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50
o mol%) and dichloromethane (300 pL). The d.r. was determined to be 1.4:1 by H
2q NMR analysis of the crude mixture, which was purified by flash column
chromatography (hexane/diethyl ether 97:3) to afford product 2q (14.5 mg, 51% vyield, average of
two runs) as an off-white solid. The enantiomeric excess of both diastereoisomers was determined,
upon sodium borohydride reduction of the isolated aldehydes to afford the corresponding alcohols,
by UPC? analysis on a Daicel Chiralpak CEL-1 column: isocratic CO/i-90:10, flow rate 3 mL/min,
A =220 nm. Major diastereomer: tmajor = 3.89 MiN, Tminor = 3.01 mMin. Minor diastereomer: tmajor =
3.36 Min, Tminor = 2.82 min. [a]p % = —64.7 (¢ = 0.43, CHCl3, 1.4:1 d.r., 77% €€major, 76% E€minor).
Spectroscopic data for major diastereoisomer:
'H NMR (400 MHz, CDCls): 6 9.63 (t, J = 2.0 Hz, 1H), 7.42 — 7.35 (m, 2H), 7.33 — 7.25 (m, 5H),
7.24 —7.15 (m, 2H), 6.92 (ddd, J = 14.0, 8.0, 2.0 Hz, 1H), 3.47 — 3.37 (m, 1H), 3.30 — 3.13 (m, 1H),
3.12-2.97 (m, 2H), 2.64 (ddd, J =17.0, 10.0, 2.5 Hz, 1H), 2.44 (ddd, J = 17.0, 4.5, 1.5 Hz, 1H), 1.93
—21.77 (m, 2H).
C NMR (101 MHz, CDCls): § 201.2, 142.3, 141.4, 129.2, 129.1, 128.2, 128.2, 127.5, 127.3, 49.4,
48.8, 46.6, 43.2, 36.9.
Spectroscopic data for minor diastereoisomer:
'H NMR (400 MHz, CDCls): § 9.33 (dd, J = 2.5, 1.5 Hz, 1H), 7.42 — 7.35 (m, 2H), 7.33 — 7.25 (m,
5H), 7.24 — 7.15 (m, 2H), 6.92 (ddd, J = 14.0, 8.0, 2.0 Hz, 1H), 3.60 — 3.51 (m, 1H), 3.47 — 3.37 (m,
1H), 3.30 — 3.13 (m, 2H), 2.95 — 2.74 (m, 2H), 2.28 — 2.06 (m, 2H) .
C NMR (101 MHz, CDCls): 6 201.6, 140.7, 139.6, 129.1, 128.9, 128.4, 128.3, 127.0, 126.9, 48.1,
47.3, 46.4, 36.0, 29.8.
HRMS (ESI) Exact mass calculated for CigH23CINaO, [M+CH3;OH+Na]*: 341.1279, found:
341.1268.

o (R)-6-bromo-3,4-diphenylhexanal (2r). Prepared according to the general
HJ] Br procedure using enal l1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
mol%), (3-bromopropyl)benzene (100 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50
o mol%) and dichloromethane (300 pL). The d.r. was determined to be 1.5:1 by 'H
2r NMR analysis of the crude mixture, which was purified by flash column
chromatography (hexane/diethyl ether 97:3) to afford product 2r (13.5 mg, 41% yield, average of two
runs) as an off-white solid. The enantiomeric excess of both diastereoisomers was determined, upon
sodium borohydride reduction of the isolated aldehydes to afford the corresponding alcohols, by
UPC? analysis on a Daicel Chiralpak CEL-1 column: isocratic CO,/i-PrOH 90:10, flow rate 3
mL/min, A = 205 nm. Major diastereomer: tvajor = 4.69 mMin, tminor = 3.59 Min. Minor diastereomer:
TMajor = 4.02 MiN, Tminor = 3.38 min. [a]p ?® = —38.8 (¢ = 0.49, CHCls, 1.5:1 d.r., 80% €e€major, 74%
€€minor)-
Spectroscopic data for major diastereoisomer:
IH NMR (400 MHz, CDCls): § 9.35 (dd, J = 2.5, 1.5 Hz, 1H), 7.43 — 7.34 (m, 2H), 7.34 — 7.25 (m,
5H), 7.24 — 7.13 (m, 2H), 6.92 (ddd, J = 12.0, 8.0, 2.0 Hz, 1H), 3.42 (td, J = 10.5, 4.5 Hz, 1H), 3.20
—2.98 (m, 2H), 2.95 - 2.76 (m, 1H), 2.64 (ddd, J = 17.0, 10.0, 2.5 Hz, 1H), 2.44 (ddd, J = 17.0, 4.5,
1.5 Hz, 1H), 2.03 — 1.83 (m, 2H).

Ph

S21



3C NMR (101 MHz, CDCls): § 201.2, 142.2, 141.3, 129.2, 129.0, 128.2, 128.2, 127.5, 127.3, 49.8,
49.4,46.3, 36.9, 32.1.

Spectroscopic data for minor diastereoisomer:

'H NMR (400 MHz, CDCls):  9.65 (t, J = 2.0 Hz, 1H), 7.43 — 7.34 (m, 2H), 7.34 — 7.25 (m, 5H),
7.24 —7.13 (m, 2H), 6.92 (ddd, J = 12.0, 8.0, 2.0 Hz, 1H), 3.60 — 3.51 (m, 1H), 3.34 — 3.26 (m, 1H),
3.20—2.98 (m, 2H), 2.95 - 2.76 (m, 2H), 2.35-2.15 (m, 2H).

3C NMR (101 MHz, CDCls): § 201.5, 140.7, 139.4, 129.1, 128.9, 128.4, 128.3, 127.0, 126.9, 49.4,
47.3, 45.0, 36.1, 31.9.

HRMS (ESI) Exact mass calculated for CigH:3BrNaO, [M+CH3;OH+Na]*: 385.0774, found:
385.0768.

o 0 (R)-7-(1,3-dioxoisoindolin-2-yl)-3,4-diphenylheptanal (2s). Prepared

HJ] N according to the general procedure using enal 1la (13.2 mg, 0.1 mmol),
o {(: aminocatalyst (S)-A (14.1 mg, 20 mol%), 2-(4-phenylbutyl)isoindoline-

Bn 2s 1,3-dione (140 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and

dichloromethane (300 pL). The d.r. was determined to be 1.6:1 by *H NMR analysis of the crude

mixture, which was purified by flash column chromatography on silica gel support (gradient from

hexane/diethyl ether 95:5 to hexane/diethyl ether 70:30) to afford the major diastereoisomer of

product 2s (15.0 mg) as an off-white solid. Continued elution delivered the minor diastereoisomer of

2s (8.7 mg) as a pale yellow solid (57% overall yield, average of two runs). The enantiomeric excess

for both diastereoisomer was determined by UPC? analysis on a Daicel Chiralpak 1C-3 column:

gradient COy/i-PrOH from 100% CO; to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 210

nm: Major diastereomer: tmajor = 3.92 Min, Tminor = 4.04 Min; Minor diastereomer: tmajor = 4.13 min,

Tminor = 4.23 min.

Characterization for major diastereoisomer:

[a]p?®=-191.0 (c = 0.18, CHCls, 83% €€major).

'H NMR (400 MHz, CDCls): 8 9.33 (dd, J = 2.5, 1.5 Hz, 1H), 7.78 (dd, J = 5.5, 3.0 Hz, 2H), 7.70

(dd, J=5.5, 3.0 Hz, 2H), 7.34 (ddd, J = 7.0, 7.0, 1.0 Hz, 2H), 7.28 — 7.20 (m, 7H), 7.16 — 7.08 (m,

1H), 3.52 — 3.39 (m, 2H), 3.34 (ddd, J = 10.5, 10.0, 4.5 Hz, 1H), 2.79 (ddd, J = 10.5, 10.5, 2.5 Hz,

1H), 2.59 (ddd, J =17.0, 10.0, 2.5 Hz, 1H), 2.41 (ddd, J = 17.0, 4.5, 1.5 Hz, 1H), 1.54 — 1.43 (m, 2H),

1.41 - 1.33 (m, 2H).

13C NMR (101 MHz, CDCls): 6 201.4, 168.2, 142.5, 142.3, 133.8, 132.0, 128.8, 128.6, 128.2, 128.0,

127.0, 126.8, 123.1, 51.2, 49.0, 46.6, 37.4, 30.7, 26.1.

HRMS (ESI) Exact mass calculated for C2;H2sNNaOs; [M+Na]*: 434.1727, found: 434.1716.

Characterization for minor diastereoisomer:

[a]p?® =+62.7 (c = 0.21, CHCl3, 80% €e€minor).

'H NMR (400 MHz, CDCls): $ 9.61 (t, J = 2.0 Hz, 1H), 7.84 (dd, J = 5.5, 3.0 Hz, 2H), 7.72 (dd, J =

5.5, 3.0 Hz, 2H), 7.21 — 7.10 (m, 6H), 6.94 — 6.83 (m, 4H), 3.70 — 3.56 (m, 2H), 3.50 (ddd, J = 9.0,

6.5, 6.0 Hz, 1H), 2.94 (ddd, J = 11.0, 6.5, 4.5 Hz, 1H), 2.86 (ddd, J = 17.0, 6.0, 2.0 Hz, 1H), 2.77

(ddd, J=17.0, 9.0, 2.0 Hz, 1H), 1.85 — 1.75 (m, 1H), 1.75 — 1.65 (m, 1H), 1.58 — 1.47 (m, 2H).

C NMR (101 MHz, CDCls): 6 201.9, 168.4, 140.8, 140.7, 133.9, 132.1, 128.9, 128.8, 128.0 (2

signals), 126.6, 126.5, 123.2, 50.5, 47.0, 45.4, 37.7, 29.6, 26.7.

HRMS (ESI) Exact mass calculated for Co7H2sNNaOs [M+Na]*: 434.1727, found: 434.1722.
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1,3-dioxoisoindolin-2-yl  (5R)-7-0x0-4,5-diphenylheptanoate  (2t).
@ Prepared according to the general procedure using enal 1a (13.2 mg, 0.1
)‘j mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), 1,3-dioxoisoindolin-2-
yl 4-phenylbutanoate (155 mg, 0.5 mmol), zinc(ll) triflate (18.2 mg, 50
mol%) and dichloromethane (300 pL). The d.r. was determined to be
151 by lH NMR analysis of the crude mixture, which was purified by flash column chromatography
on neutral silica gel support in order to prevent hydrolization of the product (gradient from
hexane/diethyl ether 90:10 to hexane/diethyl ether 40:60) to afford the major diastereoisomer of
product 2t (14.3 mg) as an off-white solid. Continued elution delivered the minor diastereoisomer of
2t (8.3 mg) as an amber wax (51% overall yield, average of two runs). The enantiomeric excess for
both diastereoisomer was determined, upon sodium borohydride reduction of the isolated aldehydes
to afford the corresponding diols, by UPC? analysis on a Daicel Chiralpak CEL-1 column: gradient
CO2/EtOH from 100% CO> to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A =215 nm: Major
diastereomer: Tmajor = 4.43 MiN, Tminor = 4.29 min; Minor diastereomer: tmajor = 4.43 MinN, Tminor = 4.34
min.
Characterization for major diastereoisomer:
[a]p?® =-11.2 (c = 0.12, CHCls3, 80% €e€major).
'H NMR (400 MHz, CDCls): 8 9.32 (dd, J = 2.5, 1.5 Hz, 1H), 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.77
(dd, J =5.5, 3.0 Hz, 2H), 7.38 (dd, J = 8.5, 6.5 Hz, 2H), 7.34 — 7.26 (m, 7H), 7.24 — 7.20 (m, 1H),
3.38 (td, J = 11.0, 4.5 Hz, 1H), 2.95 (td, J = 11.0, 3.5 Hz, 1H), 2.65 — 2.58 (m, 2H), 2.42 (ddd, J =
17.0,4.5, 1.5 Hz, 1H), 2.34 (ddd, J = 16.5, 8.0, 5.0 Hz, 1H), 2.25 - 2.18 (m, 1H), 1.94 — 1.84 (m, 1H),
1.81-1.72 (m, 1H).
¥C NMR (101 MHz, CDCl3): 6 201.5, 169.5, 162.3, 142.4, 141.7, 135.1, 129.5, 129.3, 128.7, 128.4,
127.9, 127.5, 125.9, 124.3, 50.6, 49.7, 47.0, 29.4, 29.2.
HRMS (ESI) Exact mass calculated for C2;H23sNNaOs [M+Na]*: 464.1468, found: 464.1481.
Characterization for minor diastereoisomer:
[a]p?® =+10.2 (c = 0.09, CHCl3, 83% €e€minor).
'H NMR (400 MHz, CDCls): 6 9.62 (t, J = 2.0 Hz, 1H), 7.88 (dd, J = 5.5, 3.0 Hz, 2H), 7.78 (dd, J =
5.5, 3.0 Hz, 2H), 7.21 — 7.09 (m, 6H), 6.95 — 6.88 (m, 4H), 3.57 — 3.51 (m, 1H), 3.03 (ddd, J = 11.0,
7.0, 3.5 Hz, 1H), 2.93 (ddd, J = 17.0, 6.0, 2.0 Hz, 1H), 2.82 (ddd, J = 17.0, 9.0, 2.0 Hz, 1H), 2.54 —
2.45 (m, 1H), 2.41 — 2.25 (m, 3H), 2.08 — 1.98 (m, 1H).
3C NMR (101 MHz, CDCls): & 201.5, 169.4, 161.9, 140.7, 139.6, 134.8, 128.9 (2 signals), 128.7,
128.3,128.1, 126.9, 126.7, 124.0, 49.9, 47.3, 45.2, 29.3, 28.1.
HRMS (ESI) Exact mass calculated for Co7H2sNNaOs [M+Na]*: 464.1468, found: 464.1464.

o methyl (4R)-6-oxo-3,4-diphenylhexanoate (2u). Prepared according to the
H)ﬁ Ox~C°Me  general procedure using enal 1la (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1
mg, 20 mol%), methyl 3-phenylpropionate (82 mg, 0.5 mmol), zinc(l1) triflate (18.2

o mg, 50 mol%) and dichloromethane (300 uL). The d.r. was determined to be 1.1:1
by *H NMR analysis of the crude mixture, which was purified by flash column
chromatography (gradient from hexane/diethyl ether 95:5 to hexane/diethyl ether 75:25) to afford the
major diastereoisomer of product 2u (7.3 mg) as a colourless solid. Continued elution delivered the
minor diastereoisomer of 2u (5.9 mg) as a colourless oil (45% overall yield, average of two runs).
The enantiomeric excess of both diastereoisomers was determined by HPLC analysis on a Daicel

Ph

2u
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Chiralpak IC-3 column: 80:20 hexane/i-PrOH, flow rate 1.0 mL/min, A = 215 nm. Major
diastereomer: tvajor = 11.1 min, tminor = 14.3 min. Minor diastereomer: tvajor = 16.0 min, tminor = 14.4
min.

Characterization for major diastereoisomer:

[a]po?® =+18.3 (c = 0.04, CHClI3, 82% ee).

'H NMR (400 MHz, CDCls): § 9.35 (dd, J = 2.5, 1.5 Hz, 1H), 7.41 — 7.24 (m, 10H), 3.46 — 3.31 (m,
2H), 3.40 (s, 3H), 2.67 (ddd, J = 17.0, 9.5, 2.5 Hz, 1H), 2.55 — 2.38 (m, 3H).

C NMR (101 MHz, CDCls): § 200.8, 172.3, 141.7, 141.6, 129.0, 128.8, 128.2, 128.1, 127.3 (2
signals), 51.3, 48.7, 47.9, 45.9, 39.5.

HRMS (ESI) Exact mass calculated for C19H20NaOs [M+Na]*: 319.1305, found: 319.1307.
Characterization for minor diastereoisomer:

[a]p?® =+18.3 (c = 0.07, CHClIs, 82% ee).

'H NMR (400 MHz, CDCls): 6 9.61 (t, J = 2.0 Hz, 1H), 7.26 — 7.16 (m, 6H), 6.95 — 6.87 (m, 4H),
3.66 — 3.59 (m, 1H), 3.59 (s, 3H), 3.56 — 3.51 (m, 1H), 2.83 — 2.79 (m, 2H), 2.76 (dd, J = 16.0, 6.5
Hz, 1H), 2.65 (dd, J = 16.0, 8.5 Hz, 1H).

¥C NMR (101 MHz, CDCl3): § 201.3, 172.5, 139.9, 139.7, 128.9, 128.7, 128.1, 128.0, 127.0, 126.9,
51.7,46.5, 46.5, 44.2, 37.4.

HRMS (ESI) Exact mass calculated for C1gH20NaO3 [M+Na]™: 319.1305, found: 319.1295.

o . (R)-3-(6-methoxy-3-0xo0-2,3-dihydro-1H-inden-1-yl)-3-phenylpropanal
H)ﬁ (2v) Prepared according to the general procedure using cinnamaldehyde (13.2
o E? mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), 5-methoxy-2,3-
dihydro-1H-inden-1-one (162 mg, 1 mmol), zinc(I1) triflate (18.2 mg, 50 mol%)
v O and dichloromethane (300 pL). The d.r. was determined to be 1.9:1 by *H NMR
analysis of the crude mixture, which was purified by flash column
chromatography (gradient from hexane/diethyl ether 90:10 to hexane/diethyl ether 80:20, two
consecutive purifications) to afford the minor diastereoisomer of product 2v (7.6 mg) as an off-white
solid. Continued elution delivered the major diastereoisomer of 2v (9..4 mg) as an off-white solid
(58% overall yield, average of two runs). The enantiomeric excess was determined UPC? analysis
on a Daicel Chiralpak IC-3 column: gradient CO./i-PrOH from 100% CO- to 60:40 over 4 minutes,
curve 6, flow rate 3 mL/min, A = 220 nm. Major diastereomer: tmajor = 4.67 MiN, Tminor = 4.82 Min.
Minor diastereomer: tmajor = 4.58 Min, Tminor = 4.42 min. UPC? (Daicel Chiralpak IC-3 column, 20
°C, gradient CO2/ i-PrOH from 100% CO; to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A =
220 nm).
Characterization for major diastereoisomer:
[a]o % =-5.41 (c = 0.21 CHCl3, 91% eemajor).
'H NMR (500 MHz, CDCl3) § 9.70 (dd, J = 2.0, 1.5 Hz, 1H), 7.65 (d, J = 8.5 Hz, 1H), 7.31 — 7.17
(m, 5H), 6.87 (dd, J = 8.5, 2.0 Hz, 1H), 6.74 (d, J = 2.0 Hz, 1H), 3,83 (s, 3H), 3.62 — 3.69 (m, 1H),
3.56 (ddd, J =17.5, 5.5, 1.5 Hz, 1H), 3.04 — 2.91 (m, 3H), 2.69 (d, J = 13.5 Hz, 1H);
3C NMR (128 MHz, CDCls) & 205.1, 200.1, 165.5, 156.0, 141.9, 130.0, 128.7, 128.2, 127.0, 125.7,
115.5, 109.4, 55.6, 51.2, 48.2, 41.0, 29.7;
Characterization data for minor diastereoisomer
[a]p?® =-23.85 (¢ = 0.08, CHCl3, 86% €€minor).

S24



'H NMR (500 MHz, CDCls) 6 9.71 (dd, J = 2.5, 1.5 Hz, 1H), 7.66 (d, J = 8.5 Hz, 1H), 7.30 — 7.14
(m, 5H), 6.87 (dd, J = 8.5, 2.5 Hz, 1H), 6.79 (bs, 1H), 3.97 (ddd, J = 9.5, 6.0, 4.0 Hz, 1H), 3,85 (s,
3H), 3.08 (qd, J = 8.0, 4.5 Hz, 2H), 3.03 — 2.87 (m, 3H);

3C NMR (128 MHz, CDCls) & 205.4, 201.5, 165.6, 156.6, 141.2, 130.8, 128.8, 128.2, 127.2, 125.7,
115.7, 109.6, 55.8, 51.2, 44.8, 40.1, 29.8;

HRMS (ESI) Exact mass calculated for C19H1sNaOs [M+ Na]*: 317.1148, found: 317.1148.

0 (3R)-3-(2,3-dihydro-1H-inden-1-yl)-3-phenylpropanal (2w). Prepared
H)ﬁ according to the general procedure using enal la (13.2 mg, 0.1 mmol),
aminocatalyst (S)-A (14.1 mg, 20 mol%), indane (118 mg, 1 mmol), zinc(ll)
o @ triflate (18.2 mg, 50 mol%) and dichloromethane (300 pL). The d.r. was
2w determined to be 1.1:1 by *H NMR analysis of the crude mixture, which was
purified by flash column chromatography (hexane/diethyl ether 95:5) to afford
product 2w (23.7 mg, 91% vyield, 1.1:1 mixture of diastereoisomers, average of two runs) as a pale
yellow oil. The enantiomeric excess of both diastereoisomers was determined, upon sodium
borohydride reduction of the isolated aldehydes to afford the corresponding alcohols, by HPLC
analysis on a Daicel Chiralpak 1C-3 column, 98.5:1.5 hexane/i-PrOH, flow rate 1.2 mL/min, T = 30
°C, A =215 nm. Major diastereomer: Tminor = 45.9 MiN, Tmajor = 62.2 Min. Minor diastereomer: tmajor
= 43.7 min, Tminor = 52.1 min. [a]p?® =-28.8 (c = 0.80, CHCls, 1.1:1 d.r., 80% €€major, 77% €€minor).
The spectroscopic data for compound 2w were not assigned and are reported as a mixture of
diastereoisomers:
'H NMR (400 MHz, CDCls, isolated as a 1.1:1 mixture of diastereoisomers) § 9.60 (dd, J = 2.5, 1.7
Hz, 1H), 9.57 (t, J = 2.1 Hz, 1H), 7.33 - 7.11 (m, 16H), 7.07 (app t, J = 7.2 Hz, 1H), 6.88 (d,J =7.5
Hz, 1H), 3.65—3.58 (m, 1H), 3.53 (g, J = 6.4 Hz, 1H), 3.43 - 3.35 (m, 2H), 2.96 —2.83 (m, 3H), 2.80
—2.60 (m, 5H), 2.20 — 2.11 (m, 1H), 2.10 — 1.99 (m, 1H), 1.97 — 1.88 (m, 1H), 1.87 — 1.79 (m, 1H);
13C NMR (101 MHz, CDCls) 6 201.9, 201.8, 144.9, 144.8, 144.7, 144.3, 142.4, 142.0, 128.5, 128.4,
128.3, 128.2, 127.0, 126.9, 126.8, 126.7, 126.0, 125.9, 125.3, 124.8, 124.6, 124.5, 50.4, 47.6, 46.1,
43.8, 43.6, 31.2, 30,7, 29.3, 29.1;
HRMS (ESI) Exact mass calculated for C19H22NaO, [M+CH3;OH+Na]*: 305.1512, found: 305.1516.

o (3R)-3-(2,3-dihydro-1H-inden-1-yl)-3-(3-methoxyphenyl)propanal

H (2x). Prepared according to the general procedure using enal 1u (16.2 mg,

MeO @ 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), indane (118 mg, 1

mmol), zinc(ll) triflate (18.2 mg, 50 mol%) and dichloromethane (300

2x uL). The d.r. was determined to be 1.4:1 by *H NMR analysis of the crude

mixture, was purified by flash column chromatography (hexane/diethyl ether 95:5) to afford product

2x (18.0 mg, 64% yield, 1.4:1 mixture of diastereoisomers, average of two runs) as a pale yellow oil.

The enantiomeric excess of both diastereocisomers was determined, upon sodium borohydride

reduction of the isolated aldehydes to afford the corresponding alcohols, by UPC? analysis on a Daicel

Chiralpak ID-3 column: gradient CO,/iPrOH from 100% CO, to 60:40 over 4 minutes, curve 6, flow

rate 3 mL/min, A = 273 nm: Minor diastereomer: tmajor = 3.35 MiN, Tminor = 3.48 min; Major

diastereomer: Tmajor = 3.40 Min, Tminor = 3.67 Min. [a]o?® = -24.0 (c = 0.55, CHCls, 1.4:1 d.r., 86%

eeMajor, 82% eeminor)-

Spectroscopic data for major diastereoisomer:
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'H NMR (400 MHz, CDCl3) 6 9.60 (dd, J = 2.5, 1.5 Hz, 1H, A), 7.30 — 7.25 (m, 1H), 7.23 - 7.12 (m,
3H,), 7.11 - 7.04 (m, 1H), 6.81 — 6.73 (m, 2H), 6.66 (t, J = 2.0 Hz, 1H), 3.74 (s, 3H), 3.63 — 3.47 (m,
1H), 3.41 - 3.32 (m, 1H), 2.93 — 2.60 (m, 4H), 2.23 - 1.99 (m, 1H), 1.97 — 1.90 (m, 1H);
Spectroscopic data for minor diastereoisomer:

'H NMR (400 MHz, CDCls) 6 9.58 (t, J = 2.0 Hz, 1H), 7.30 — 7.25 (m, 1H), 7.23 - 7.12 (m, 3H), 7.11
-6.93 (d, 7.07J=7.5Hz 1H), 6.81 — 6.73 (m, 2H), 6.62 (t, J = 2.0 Hz, 1H), 3.72 (s, 3H), 3.63 —
3.47 (m, 1H), 3.41 - 3.32 (m, 1H), 2.93 — 2.60 (M, 4H), 2.23 — 1.99 (m, 1H), 1.97 — 1.90 (m, 1H);
The signals relative to *C NMR analysis were not assigned and are reported as a mixture of
diastereoisomers:

3C NMR (101 MHz, CDCls) § 202.0, 202.0, 159.8, 159.6, 145.1, 145.0, 144.9, 144.4, 144.1, 143.7,
129.6,129.5,127.2,127.1,126.2, 126.0, 125.4, 125.0, 124.7, 124.7,120.8, 120.6, 114.4, 114.1, 112.3,
112.1,55.3,50.4, 47.7, 46.2, 44.0, 43.7, 31.7, 30.9, 29.3.

HRMS (ESI) Exact mass calculated for C19H20NaO, [M+Na]*: 303.1356, found: 303.1368.

o (S)-3-phenyl-4-(p-tolyl)butanal (2y). Prepared according to the general
H)‘j Me procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg,
/©/ 20 mol%), p-xylene (134 mg, 1 mmol), trichloroacetic acid (16.3 mg, 100
P 2y mol%) and dichloromethane (300 pL). The crude mixture was purified by flash
column chromatography (hexane/diethyl ether 92:8) to afford product 2y (15.0
mg, 63% vyield, 83% ee, average of two runs) as a colourless oil that displayed spectroscopic data
consistent with those reported previously.? The enantiomeric excess was determined to be 83% by
HPLC analysis on a Daicel Chiralpak IC-3 column: 96:4 hexane/i-PrOH, flow rate 0.8 mL/min, A =
215 nm: Tmajor = 12.1 min, Tminor = 13.1 min. [a]p?® = -17.3 (¢ = 0.45, CHCls, 83% ee); Lit: [a]p?® = -
50.8 (c = 0.69, CHCls, 91% ee for (S)-enantiomer).2
'H NMR (500 MHz, CDCls): 6 9.58 (t, J = 2.0 Hz, 1H), 7.31-7.26 (m, 2H), 7.04 (d, J = 8.0 Hz, 2H),
6.95 (d, J = 8.0 Hz, 2H), 3.46 (p, 7.04 (d, J = 7.5 Hz, 1H) 2.94 (dd, J = 13.5, 7.0 Hz, 1H), 2.83 (dd, J
=13.5, 8.0 Hz, 1H), 2.78 — 2.68 (m, 2H), 2.29 (s, 3H);
13C NMR (125.8 MHz, CDCl3): 5 201.8, 143.5, 136.3, 136.0, 129.2, 129.2, 128.7, 127.7, 126.8, 49.1,
43.0,42.2,21.2.

o (S)-3-phenyl-4-(o-tolyl)butanal (2z). Prepared according to the general procedure
H)‘jMe using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), o-
/\<j xylene (134 mg, 1 mmol), trichloroacetic acid (16.3 mg, 100 mol%) and
o .;z dichloromethane (300 pL). The crude mixture was purified by flash column
chromatography (hexane/diethyl ether 92:8) to afford product 2z (11.0 mg, 47%
yield, 77% ee, average of two runs) as a colourless oil that displayed spectroscopic data consistent
with those reported previously.? The enantiomeric excess was determined to be 77% by HPLC
analysis on a Daicel Chiralpak IC-3 column: 90:10 hexane/i-PrOH, flow rate 0.7 mL/min, A = 215
nMm: Tmajor = 10.5 min, Tminor = 11.9 min. [a]p?® = -40.7 (¢ = 0.23, CHCls, 77% ee); Lit: [a]p?® = -22.2
(c =0.59, CHCls, 90% ee for (S)-enantiomer).2
'H NMR (400 MHz, CDCls): § 9.57 (t, J = 1.9 Hz, 1H), 7.32-7.25 (m, 2H), 7.23-7.03 (m, 6H), 6.97
(d, J=7.0 Hz, 1H), 6.78 (s, 1H), 3.47 (p, J = 7.4 Hz, 1H), 2.97 — 2.86 (m, 2H), 2.85 - 2.72 (m, 2H),
2.26 (s, 3H);
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B3C NMR (101 MHz, CDCls):  201.7, 143.6, 137.7, 136.5, 130.6, 130.3, 128.8, 127.6, 126.9, 126.7,
125.9, 49.0, 41.0, 19.6.

o (S)-4-(4-(tert-butyl)phenyl)-3-phenylbutanal (2aa). Prepared according to
H)‘j BBu the general procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A
/©/ (141 mg, 20 mol%), 1-(t-butyl)-4-methylbenzene (148 mg, 1 mmol),
P 2aa trichloroacetic acid (16.3 mg, 100 mol%) and dichloromethane (300 pL). The
crude mixture was purified by flash column chromatography (hexane/diethyl
ether 92:8) to afford product 2aa (15.0 mg, 53% vyield, 77% ee, average of two runs) as a colourless
oil. The enantiomeric excess was determined, upon sodium borohydride reduction of the isolated
aldehyde to afford the corresponding alcohol, to be 77% by HPLC analysis on a Daicel Chiralpak IC-
3 column: 90:10 hexane/i-PrOH, flow rate 0.6 mL/min, A = 215 nm: Tvajor = 10.9 min, Tminor = 12.2
min. [a]o®=-33.4 (c = 0.63, CHCl3, 78% ee).
'H NMR (500 MHz, CDCls): 8 9.57 (t, J = 2.0 Hz, 1H), 7.33-7.22 (m, 4H), 7.24-7.18 (m, 3H), 7.02
(d, J=8.2 Hz, 2H), 3.54 — 3.47 (m, 1H), 3.00 (dd, J = 13.6, 6.4 Hz, 1H), 2.85 (dd, J = 13.6, 8.6 Hz,
1H) 2.81 —2.69 (m, 2H), 1.32 (s, 9H);
13C NMR (125.8 MHz, CDCl3): § 202.0, 149.4, 143.7, 136.3, 129.0, 128.8, 127.6, 126.9, 125.4, 48.9,
429,421,345, 31.5.
HRMS (ESI) Exact mass calculated for C21H2sNaO, [M+CH3;OH+Na]*: 335.1980, found: 335.1982.

o Bu (S)-4-(3,5-di-tert-butylphenyl)-3-phenylbutanal (2ab). Prepared according
H/uj /@\ to the general procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-
A (14.1 mg, 20 mol%), 1,3-di-t-butyl-5-methylbenzene (204 mg, 1 mmol),
P 2ab B trichloroacetic acid (16.3 mg, 100 mol%) and dichloromethane (300 uL). The
crude mixture was purified by flash column chromatography (hexane/diethyl
ether 92:8) to afford product 2ab (20.0 mg, 59% vyield, 74% ee, average of two runs) as a colourless
oil. The enantiomeric excess was determined to be 74% by HPLC analysis on a Daicel Chiralpak IC-
3 column: 98:2 hexane/i-PrOH, flow rate 0.6 mL/min, A = 215 nm: Tmajor = 10.9 min, Tminor = 12.2
min. [a]p?®=-19.1 (c = 0.73, CHCls, 74% ee).
'H NMR (500 MHz, CDCls): § 9.59 (t, J = 2.0 Hz, 1H), 7.30-7.25 (m, 2H), 7.23-7.17 (m, 2H), 7.14
(d, J=6.8 Hz, 2H), 6.82 (d, J = 1.8 Hz, 2H), 3.45 (p, J = 7.4 Hz, 1H), 2.95 (dd, J = 13.4, 7.2 Hz, 1H),
2.87 (dd, J =13.4, 7.6 Hz, 1H) 2.81 — 2.72 (m, 2H), 1.26 (s, 18H);
3C NMR (125.8 MHz, CDCls):  202.0, 150.7, 143.5, 138.2, 128.7, 127.8, 126.8, 123.7, 120.2, 49.0,
44.1,42.4,34.8, 31.5.
HRMS (ESI) Exact mass calculated for C2sH32NaO [M+Na]*: 359.2348, found: 359.2345.

o (S)-4-(4-(tert-butyl)-2-methylphenyl)-3-phenylbutanal and (S)-4-(5-(tert-
H)ﬁMe p butyl)-2-methylphenyl)-3-phenylbutanal (2ac). Prepared according to the
;@‘nf‘su general procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A
A 2ac (14.1 mg, 20 mol%), 4-(t-butyl)-1,2-dimethylbenzene (134 mg, 1 mmol),
trichloroacetic acid (16.3 mg, 100 mol%) and dichloromethane (300 pL). The

regioisomeric ratio was determined to be 6.5:1 by *H NMR analysis of the crude mixture, which was
purified by flash column chromatography (hexane/diethyl ether 92:8) to afford product 2ac (18.0 mg,
60% vyield, average of two runs) as a colourless oil. The enantiomeric excess was determined, upon
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sodium borohydride reduction of the isolated aldehyde to afford the corresponding alcohol, to be 73%
for the major regioisomer and 74% for the minor by UPC? analysis on CEL1 chiral column: 95:5
CO./EtOH, curve 6, flow rate 3 mL/min, A = 203 nm. Minor regioisSomer: Tminor = 1.51 min, Tmajor =
1.85 min; major regioisomer: tminor = 1.63 min, tmajor = 1.97 min. [a]p?® = -15.6 (¢ = 0.25, CHCls,
6.5:1 regioisomeric ratio, 73% eemajor, 74% €€minor).

Spectroscopic data for major regioisomer (2ac-p):

'H NMR (400 MHz, CDCls): 6 9.55 (t, J = 2.0 Hz, 1H), 7.33-7.26 (m, 2H), 7.24-7.18 (m, 3H), 7.16—
7.04 (m, 2H), 6.90 (d, J = 8.0 Hz, 1H), 3.50 — 3.41 (m, 1H), 2.94 (dd, J = 14.0, 6.0 Hz, 1H), 2.90 —
2.60 (m, 3H), 2.28 (s, 3H), 1.29 (s, 9H);

B3C NMR (101 MHz, CDCls): § 202.0, 149.5, 143.9, 143.6, 135.9, 134.6, 129.9, 128.8, 127.5, 126.9,
122.9, 48.8, 40.9, 40.6, 34,4, 31.5, 19.9.

Spectroscopic data for minor regioisomer (2ac-m):

'H NMR (400 MHz, CDCls): § 9.60 (t, J = 2.0 Hz, 1H), 7.33-7.26 (m, 2H), 7.24-7.18 (m, 3H), 7.16—
7.04 (m, 2H), 6.82 (d, J = 2.0 Hz, 1H), 3.50-3.41 (m, 1H), 2.94 (dd, J = 14.0, 6.0 Hz, 1H), 2.90-2.60
(m, 3H), 2.27 (s, 3H), 1.19 (s, 9H);

C NMR (101 MHz, CDCls): 6 201.8, 148.6, 137.0, 133.3, 130.2, 128.7, 127.7, 126.8, 123.4, 49.2,
41.4,40.9, 34.2, 31.4, 19.0.

HRMS (ESI) Exact mass calculated for C2:HzNaO, [M+CH3;OH+Na]*: 349.2154, found: 349.2138.

o (S)-3-phenyl-4-(2,4,5-trimethylphenyl)butanal (2ad). Prepared according to
H)‘jMe Me the general procedure using enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A
;@ (14.1 mg, 20 mol%), 1,2,4,5-tetramethylbenzene (134 mg, 1 mmol),
o 'Zad M trichloroacetic acid (16.3 mg, 100 mol%) and dichloromethane (300 uL). The
crude mixture was purified by flash column chromatography (hexane/diethyl
ether 92:8) to afford product 2ad (18.0 mg, 68% yield, 82% ee, average of two runs) as a colourless
oil. The enantiomeric excess was determined by HPLC analysis on a Daicel Chiralpak 1C-3 column:
90:10 hexane/i-PrOH, flow rate 0.6 mL/min, A = 215 nm: Tvajor = 11.1 min, Tminor = 12.0 min. [a]p® =
-32.7 (¢ = 0.50, CHCls, 82% ee).
'H NMR (500 MHz, CDCls): § 9.54 (t, J = 2.0 Hz, 1H), 7.32-7.27 (m, 2H), 7.23 — 7.18 (m, 3H), 6.90
(s, 1H), 6.78 (s, 1H), 3.47 — 3.40 (m, 1H), 2.89 (dd, J = 13.7, 6.2 Hz, 1H), 2.82 — 2.71 (m, 3H), 2.19
(s, 6H), 2.17 (s, 6H);
13C NMR (125.8 MHz, CDCls): 6 202.0, 144.0, 134.9, 134.7,133.9, 133.6, 131.9, 131.6, 128.8, 127.5,
126.8, 48.8, 41.2, 40.6, 19.3, 19.0.
HRMS (ESI) Exact mass calculated for CaoH26NaO, [M+CH3;OH+Na]*: 321.1828, found: 321.1825.

o Me (S)-4-(2,3,4,5,6-pentamethylphenyl)-3-phenylbutanal  (2ae).  Prepared
H)‘jmnvwe according to the general procedure using enal la (13.2 mg, 0.1 mmol),
aminocatalyst (S)-A (14.1 mg, 20 mol%), hexamethylbenzene (162 mg, 1
S " Me mmol), trichloroacetic acid (16.3 mg, 100 mol%) and dichloromethane (300
2ae ° pL). The crude mixture was purified by flash column chromatography
(hexane/diethyl ether 92:8) to afford product 2ae (22.2 mg, 75% vyield, 82% ee, average of two runs)
as off-white solid. The enantiomeric excess was determined by HPLC analysis on a Daicel Chiralpak

IC-3 column: 90:10 hexane/i-PrOH, flow rate 0.6 mL/min, A =215 nm: Tmajor = 11.1 min, Tminor = 14.7
min. [a]p?®=-23.6 (¢ = 0.50, CHCls, 82% ee).
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'H NMR (400 MHz, CDCls): 6 9.47 (dd, J = 2.5, 1.5 Hz, 1H), 7.35-7.30 (m, 2H), 7.30-7.20 (m, 3H),
3.42 (tt, J=10.0, 5.5 Hz 1H), 3.11 (dd, J = 14.5, 9.5 Hz, 1H), 3.00 (dd, J = 14.5, 5.5 Hz, 1H), 2.86
(ddd, J=16.5, 10.0, 2.5 Hz, 1H), (ddd, J = 16.5, 5.0, 2.0 Hz, 1H), 2.26 (s, 3H), 2.23 (s, 12H);

3C NMR (101 MHz, CDCls): § 202.2, 144.1, 133.4, 133.3, 132.9, 132.4, 128.8, 127.4, 126.9, 47.9,
41.3,37.9,17.3,17.1, 17.1.

HRMS (ESI) Exact mass calculated for Co2HzNaO. [M+CH3;OH+Na]*: 349.2138, found: 349.2139

o methyl (S)-2-(4-((R)-6-methyl-1-oxo-3-phenylheptan-4-yl)phenyl)

m
[v]

propanoate (4). Prepared according to the general procedure using enal

HJ) CO:Me 13 (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), 3 (110
ph mg, 0.5 mmol), zinc(l1) triflate (18.2 mg, 50 mol%) and dichloromethane
M e (300 pL). The crude mixture, which was purified by flash column

4 chromatography (hexane/diethyl ether 92:8) to afford product 4 (34.5 mg,
50% yield) as a colorless oil. Due two the overlap of diagnostic signals in the *tH NMR spectrum, the
diastereomeric ratio of the product mixture was determined, upon sodium borohydride reduction of
the isolated aldehydes to afford the corresponding alcohols, via UPC? analysis to be 1:1.3:8.2:10.
[a]o®=42.4 (c = 0.99, CHCI3, 1:1.3:8.2:10 d.r).
The spectroscopic data for compound 4 were not assigned and are reported as a mixture of
diastereoisomers:
'H NMR (400 MHz, CDCls, isolated as a 1.2:1 mixture of diastereoisomers): § 9.64 (t, J = 2.0, Hz,
1H), 9.41 (dd, J = 2.5, 1.0 Hz, 1H), 7.35-7.28 (m, 2H), 7.26-7.19 (m, 4H), 7.14-7.08 (m, 6H), 7.04
(d, J =8.0 Hz, 2H), 6.89-6.84 (m, 2H), 6.67 (d, J = 8.0 Hz, 2H), 3.85 (dt, J = 8.5, 6.0 Hz, 1H), 3.76
—3.61 (m, 9H), 2.84 — 2.74 (m, 2H), 2.67 (ddd, J = 16.5, 8.5, 2.0 Hz, 1H), 2.61 — 2.52 (m, 2H), 2.44
(ddd, J =17.0, 4.0, 1.5 Hz, 1H), 2.04 — 1.93 (m, 1H), 1.69 — 1.59 (m, 1H), 1.51 (d, J = 7.0 Hz, 3H),
1.44 (d, J=7.0 Hz, 3H), 1.13 (d, J = 6.5 Hz, 3H), 0.74 (d, J = 7.0 Hz, 3H), 0.71 (d, J = 6.5 Hz, 2H),
0.65 (d, J = 7.0 Hz, 3H);
3C NMR (101 MHz, CDCls): 5 202.3, 202.1, 175.3, 175.3, 143.0, 140.8, 138.9, 138.4, 138.3, 138.2,
130.7,129.3, 128.9, 128.2, 127.9, 127.2, 126.9, 126.6, 126.4, 57.6, 57.0, 52.2, 52.1, 49.5, 48.4, 45.1,
45.1, 42.3, 40.6, 28.8, 28.4, 22.3, 20.1, 18.8, 16.6;
HRMS (ESI) Exact mass calculated for C2sHzsNaO3 [M+Na]*: 375.1923, found: 375.1931.

To gain further insight about the C- selectivity for the reaction between 1a and 3, the recovered 3
after the photochemical protocol was submitted to HPLC analysis to determine the degree of its
racemization. An analogous level of enantiopurity compared to the un-submitted starting material
was inferred. The lack of racemization indicates that radical formation is not occurring at C-o. position
of 3.
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Figure S4. HPLC analysis of an authentic sample of rac-3, (S)-3 and the recovered starting material after the reaction to

deliver 4.

We investigated the recativity of two substrates that, individually, could mimic both substitution
patterns of (S)-ibuprofen methyl ester 3. While methyl 2-phenylpropanoate remained completely
unreacted, iso-butylbenzene (a secondary-carbon containing substrate) provided the corresponding
product in good yield and enantioselectivity. The lack of reactivity of the former substrate is
particularly informative since it mimics the tertiary carbon and the electronics of (S)-ibuprofen methyl

ester 3. Overall, these results indicate the difficulty to form a tertiary radical using the PCET
mechanism operative in our system.

o CF
o] Me catalyst (S)-A (20 mol%) FF3C\©/ *oF,
RJ\H . oMe Zn(0Th, (50 mol%) H - .
HP single LED (420 nm) ', ~CO2Me %
ph) % irradiance 45+2 mW/cm? Ph Ph/(l\/le ” OTDs  CFs3
CH,CI, (0.3M), 35 °C, 48 h (S)-A
1a not observed
9 CF
o] catalyst (S)-A (20 mol%) FaC SCF3
Me Zn(OTH), (50 mol%) H Me R
H + Fm H
Me HP single LED (420 nm) Phi ”"’g\Me <
Ph irradiance 452 m\W/cm? ” OTDs  CFs
. CH,Cl, (0.3M), 35 °C, 48 h Ph (S)-A
a

2af: 64% yield, 1.1:1 dr
74% €€major/75% €€minor
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o (R)-5-methyl-3,4-diphenylhexanal (2af). Prepared according to the general
HJ] Me procedure using enal la (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg, 20
o e mol%), 1,2-diphenylethane (134 mg, 1 mmol), zinc(ll) triflate (18.2 mg, 50 mol%)
o and dichloromethane (300 pL). The d.r. was determined to be 1.2:1 by 'H NMR
2af analysis of the crude mixture, which was purified by flash column chromatography
(hexane/diethyl ether 97:3) to afford product 2af (17 mg, 64% yield, average of two runs) as a pale-
yellow oil. The enantiomeric excess of both diastereoisomers was determined, upon sodium
borohydride reduction of the isolated aldehydes to afford the corresponding alcohols, by UPC?
analysis on a Daicel Chiralpak IB column: gradient CO./EtOH from 100% CO, to 60:40 over 4
minutes, curve 6, flow rate 3 mL/min, A = 210 nm. Major diastereomer: twajor = 3.17 MiN, Tminor =
2.71 min. Minor diastereomer: tvajor = 3.51 Min, Tminor = 2.95 min. [a]p % = +53.5 (¢ = 0.57, CHCls,
1.2:1d.r., 74% eemajor, 75% €€minor).
Spectroscopic data for major diastereoisomer:
'H NMR (400 MHz, CDCls): 8 9.66 (t, J = 2.0 Hz, 1H), 7.35 — 7.29 (m, 2H), 7.29 — 7.20 (m, 2H),
7.19 - 7.10 (m, 4H), 6.76 — 6.71 (m, 2H), 3.87 (dt, J = 9.0, 6.5 Hz, 1H), 2.87 — 2.76 (m, 1H), 2.69
(ddd, J=17.0, 9.0, 2.0 Hz, 1H), 2.63 — 2.54 (m, 1H), 2.03 (dp, J = 8.0, 7.0 Hz, 1H), 1.13 (d, J=6.5
Hz, 3H), 0.76 (d, J = 7.0 Hz, 3H).
Spectroscopic data for minor diastereoisomer:
'H NMR (400 MHz, CDCls): § 9.42 (dd, J = 2.5, 1.5 Hz, 1H), 7.35 — 7.29 (m, 2H), 7.29 — 7.20 (m,
2H), 7.19 — 7.10 (m, 4H), 6.92 — 6.86 (m, 2H), 3.73 (td, J = 11.0, 4.0 Hz, 1H), 2.87 — 2.76 (m, 1H),
2.63 —2.54 (m, 1H), 2.46 (ddd, J = 17.0, 4.0, 1.5 Hz, 1H), 1.67 (pd, J = 7.0, 4.0 Hz, 1H), 0.74 (d, J =
6.5 Hz, 3H), 0.67 (d, J = 7.0 Hz, 3H).
The signals relative to **C NMR analysis were not assigned and are reported as a mixture of
diastereoisomers:
13C NMR (125.8 MHz, CDCls) § 202.3,202.0, 143.1, 141.0, 139.5, 139.3, 130.6, 129.2, 128.9, 128.2,
128.1, 127.9, 127.4, 126.9, 126.8, 126.6, 126.3, 57.9, 57.4, 49.4, 48.5, 42.3, 40.6, 28.7, 28.4, 22.3,
19.8, 16.7.

D.3 Unreactive Substrates

Toluene and Benzylic Derivatives Scope Limitations

Me Me
OMG /©/Me /©/Me " o
NC FsC [ C © © 0

no product no product no product no product 10% in situ yield no product
Enal Scope Limitations o 0
for both
H H 420 nm: no product observed
365 nm: no product observed
t-Bu n-Pentyl

Figure S5. Survey of unreactive or scarcely reactive substrates.
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E. Mechanistic Insights
E.1. Site-selectivity study

Table S8. Evaluating the influence of the strenght of the conjugate base on the regioselectivity

Q [¢]
catalyst (S)-A (20 mol%) Me
1a + acid co-catalyst (x mol%) H H Et
Me HP single LED (420 nm) .
irradiance 45+2 mW/cm? Ph pn” "
Me
6A 6B

Ha CH,Cly, 35 °C, 16 h
entry Acid N At (rﬁ:jgs‘nﬁﬁ’ir) ee 6B (%)
1 Zn(CFsSOs): (50 mol%) 63 1:6 171 76/75 77
2 TFA (100 mol%) 65 1:3.3 161 71/70 74
3 TCA (100 mol%) 62 1:3 151 7377 71
4 DCA (100 mol%) 50 1:2.6 14:1 69/67 70
5 MCA (100 mol%) - - - -

2 Overall isolated yields of mixtures of regioisomers 6A and 6B. ® Regioisomeric ratio measured by *H NMR analysis of the crude mixture.
¢ Diastereoisomeric ratio measured by *H NMR analysis of the crude mixture. TFA: trifluoroacetic acid; TCA: trichloroacetic acid; DCA:
dichloroacetic acid; MCA: monochloroacetic acid.

(3R)-3-phenyl-4-(p-tolyl)pentanal (6A) and (S)-4-(4-

O (0]
H Me |, Et ethylphenyl)-3-phenylbutanal (6B). Prepared according
{©/ + o to the general procedure using enal la (13.2 mg, 0.1
o LA 6B mmol), aminocatalyst (S)-A (14.1 mg, 20 mol%), methyl

4-ethyltoluene (120 mg, 1 mmol), zinc(I) triflate (18.2 mg,
50 mol%) and dichloromethane (300 pL). The crude mixture was purified by flash column
chromatography (hexane/diethyl ether 92:8) to afford products 6 [16.0 mg, 63% yield, 6:1 mixture of
regioisomers 6A (1.7:1 d.r., 76% e€major, 75% €€minor) and 6B (77% ee)] as a pale yellow oil. The
enantiomeric excess of both regioisomers, and corresponding diasterecisomers for 6A, was
determined, upon sodium borohydride reduction of the isolated aldehydes to afford the corresponding
alcohols, by UPC? analysis on a Daicel Chiralpak CEL-1 column: CO,/MeOH 95:5, flow rate 3
mL/min, A = 210 nm. For compound 6A, Major diastereomer: tmajor = 3.27 MiN, Tminor = 2.59 min.
Minor diastereomer: tmajor = 3.47 Min, Tminor = 3.02 min. For compound 6B: tmajor = 4.46 MIN, Tminor =
3.70 min.
Spectroscopic data for compound 6A, major diastereoisomer:
'H NMR (400 MHz, CDCls): § 9.47 (dd, J = 2.5, 1.5 Hz, 1H), 7.48 — 7.23 (m, 7H), 7.16 — 7.10 (m,
2H), 3.40 (ddd, J = 10.0, 10.0, 4.5 Hz, 1H), 3.02 — 2.93 (m, 1H), 2.76 — 2.69 (m, 1H), 2.60 (ddd, J =
16.5, 4.5, 1.5 Hz, 1H), 2.47 (s, 3H), 1.15 (d, J = 7.0 Hz, 3H).
3C NMR (101 MHz, CDCls): § 201.8, 142.9, 142.2, 136.4, 129.5, 128.8, 128.3, 127.6, 126.9, 49.2,
47.7,45.8,21.2, 20.8.
Spectroscopic data for compound 6A, minor diastereoisomer:
'H NMR (400 MHz, CDCls): & 9.68 (t, J = 2.0 Hz, 1H), 7.48 — 7.23 (m, 7H), 7.03 — 6.99 (m, 2H),
3.64 —3.57 (m, 1H), 3.17 (qd, J = 7.0, 7.0 Hz, 1H), 2.93 - 2.89 (m, 2H), 2.41 (s, 3H), 1.38 (d,J=7.0
Hz, 3H).
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3C NMR (101 MHz, CDCls): § 202.3, 141.7, 140.8, 135.9, 128.8, 128.7, 128.2, 128.1, 126.7, 46.6,
46.1, 44.6,21.1, 18.0.

Spectroscopic data for compound 6B:

'H NMR (400 MHz, CDCls): 6 9.70 (t, J = 2.0 Hz, 1H), 7.48 — 7.23 (m, 5H), 7.20 (d, J = 8.0 Hz, 2H),
7.14 —7.10 (m, 2H), 3.61 — 3.55 (m, 1H), 3.08 (dd, J = 13.5, 6.5 Hz, 1H), 3.01 — 2.93 (m, 1H), 2.88
—2.84 (m, 2H), 2.76 — 2.69 (m, 2H), 1.34 (t, J = 7.5 Hz, 3H).

3C NMR (101 MHz, CDCls): & 201.9, 143.6, 142.4, 136.5, 129.3, 128.7, 128.0, 127.7, 126.8, 49.0,
43.1,42.2,28.6, 15.7.

HRMS (ESI) Exact mass calculated for C19H24NaO, [M+CH3;OH+Na]*: 307.1669, found: 307.1665.

E.2 Determination of the Kinetic Isotope Effect (KIE)
E.2.1. Intermolecular competition experiment

A 15 mL Schlenk tube was charged with enal 1a (13.2 mg, 0.1 mmol), aminocatalyst (S)-A (14.1 mg,
20 mol%), zinc(ll) triflate (18.2 mg, 50 mol%), and an equimolar solution of toluene (46.5 mg, 5
mmol) and toluene-ds (50 mg, 5 mmol) in dichloromethane (300 uL). The Schlenk tube was placed
under an atmosphere of argon, cooled to — 78 °C, degassed via vacuum evacuation (5 min), backfilled
with argon, and warmed to room temperature. The freeze-pump-thaw cycle was repeated five times,
and then the Schlenk tube was sealed with Parafilm and placed into a 3D-printed plastic support
mounted on an aluminium block fitted with a 420 nm high-power single LED (A = 420 nm, irradiance
= 45 mW/cm?, as controlled by an external power supply). The reaction was stirred at ambient
temperature (~35 °C) for 48 hours. The solvent was removed in vacuo and the crude mixture was
purified by flash column chromatography (hexane/diethyl ether 92:8) to afford a mixture of product
2a and 2a-d. Integration of diagnostic peaks for 2a in the *H NMR spectrum (specifically multiplets
at 2.96 and 2.88, respectively) showed a deuterium incorporation at C4 of 0.46D (over 2H, see figure
below). Consequently, the magnitude of the kinetic isotope effect relative to the intermolecular
competition was determined to be 3.3.

0]

H
4, P

Ph
4

2a

TN

! T vy

15 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0

Figure S6. 'H NMR analysis for the intermolecular competition experiment.
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E.2.2. Parallel experiments

Two 5 mL argon-purged glass vials were
charged with zinc(ll) triflate (18.2 mg, 50
mol%), 300 uL of a stock solution of enal
1a (13.2 mg, 0.1 mmol) and aminocatalyst
(S)-A (141 mg, 20 mol%) in
dichloromethane and either toluene (92.0
SE : mg, 1 mmol) or toluene-ds (118 mg, 1
mmol). The vials were further flushed with argon, sealed with Parafilm, and then simoltaneously
placed into two 3D-printed plastic supports mounted on an aluminium block fitted with a 420 nm
high-power single LED (A = 420 nm, irradiance = 45 mW/cm?, as controlled by an external power
supply, see figure above). The reactions were stirred under visible light irradiation at ambient
temperature for the time stated for each experiment. Trichloroethylene (9 pL, 0.1 mmol) was added
as the internal standard to the crude mixture and an aliquot of the resulting solution was taken to be
directly analysed by *H NMR. The magnitude of the kinetic isotope effect, calculated plotting the
kinetic profile of the two reactions (with toluene and toluene-ds, respectively), was determined to be
2.00.

KIE Determination

Time (h) Toluene  Toluene-ds (550 re
0o - Seo
30
25 14 6 2
>20 oH
5 26 13 14
=10 =D
7.5 38 20 = 0
10 43 21 2 4 6 8 10

Time (hours)
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"H NMR, 400 MHz, CDClj
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"H NMR, 500 MHz, CDCls
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"H NMR, 500 MHz, CDCl4
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9F NMR, 376 MHz, CDCl,
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3C NMR, 101 MHz, CDCl;
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3C NMR, 101 MHz, CDCl;
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3C NMR, 101 MHz, CDCl;
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3C NMR, 101 MHz, CDCl;
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3C NMR, 101 MHz, CDClj
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"H NMR, 400 MHz, CDCl,
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9F NMR, 376 MHz, CDCl;
O

F
) h / /©/
P I/

-116.90

2h
J
. . . . . . . . . . . . . . .
20 30 40 50 60 70 90  -100  -110  -120  -130  -140  -150  -160  -170  -180
f1 (ppm)
H NMR, 400 MHz, CDCl3
(e}
Bpin
H Q/ p
ph
2i
/ lf ,
T s 7T T T 3
— ; ; —— ; ; ; ; ; —— ; — ; ; ‘
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
f1 (ppm)

S46



3C NMR, 101 MHz, CDCls
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"H NMR, 400 MHz, CDCls
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"H NMR, 400 MHz, CDClj

/]

L ‘AJJL L.

=£0€
=sre

Foot

Feot

EL6T
109
17t

=160

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

2.5

3C NMR, 101 MHz, CDCl;4

L0°€T —

S9'8C —

0T —
18'vp —

1018 —

0z'9zT
E€p°9CT /

¥8'92T —

9810 —

50 30

T T T
100 90 80 70
f1 (ppm)

110

210

S49



[0}

H)ﬁ
ph”

"H NMR, 400 MHz, CDCl;

oS oSS

4,

{Me

Ph

2|

Fv0'e

€T

L,
N o
R o

00'T
590

w01
WS.Q

1T

Tm.mﬂ

160
=50

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

10.0

86'LT —
€507 —

vo.mv /
mo.mv
TT°9% W
Nm.ov\
Nm.mv\

T0'6%

Te9TT
95°9ZT
bL9TT
€8°92T
09°L2T
To'8cT
90°8ZT
01°821T
(35148

€5°82T
99°8Z1
(74143
66 THT
S9°THT V
18°€vT
PTSHT 7

95107~
202007

3C NMR, 101 MHz, CDCl,4

Jm

50 30

T T T
100 9 80 70
f1 (ppm)

110

210

S50



/// S s

oS s

S S Ve

Ves

Ph
2m

7, 1,

0
H)ﬁ
h

"H NMR, 400 MHz, CDCls
P

160
Eveo| o
Fer1[ o
167
MWQA
660 | 2 0T~
IS Tg7—
B0 me>
Feor| @
Fseo| — 68bT
st
\
F e
)
0T -
SoT
n 97’9
. e bLOP =
96'0 mm.ﬂv\
W €07 oT'8y
660 | 2 g
Fea 69'95
e
oot o595
n
veo | ™
96'0
<
=
1
=
€
=] Q
— rns
o
= 0921
n 6v'92T
[ v 19°921
69'921
6L'L21
L e 16'LTT
© 12821
87'871
" 6e'821
e A
65'821
TS THT
9 o LTTWT N
m Favp 2 e8zvl -7
Tﬂ 12 PhERT
——— :
\n
[~
< 3]
e &
O
o
Lo O
N
° I
o >
—
o
— el
S 2oz
=60 O >
o =
= =
O
" el
L~ A

S51

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

20




eyl

~ 7

—/

—

0O

H)ﬁ =
P

"H NMR, 400 MHz, CDCl,

Ph

2n

J JWL_M

szT
Fast
et
80T

Hm\‘ SE0

Fut
Fe6zo0

Feee
Feco

Foar
Fezo

Fort

TN.QN

=001

=870

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

10.0

3C NMR, 101 MHz, CDCl;

€896 ~
9£°8E —
LEVY

oroh
it
06'8t \
8505 \

€6°1S

$09TT ~_
€5°911 7

6+'92T
69'9¢T
£8'92T

96'92T
6L'L2T
v6°'LTT
ST'8CT
Lb'82T
29'821
8,821
86'8CT
et
SE'9ET
9'9ET
LTTPT
SS'TPT
19°2hT

LET0T~
18'107

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S52



eSS

(0]
Ph
//,,IX
Ph
20

H)Jj
Ph

"H NMR, 400 MHz, CDClj

20T
%mm.o

Fo0C

* 680

= €570

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
3C NMR, 101 MHz, CDCl,

).5

88'8€
TL00 V
AN
8T'9F ~=
9ELY 7
e
20'6
26/~
Elad} a
0S'¥S

79'sz1
26'seT
6b°92T
sL9zT
18'921
90°221
[as
8221
16°2T1
61'871
02'821
64'821
95°821
08'877
£6'82T
66'87T
o1'621 -7
ceser/
90°0bT
Lz°0vT
Sb'ObT
6v°0bT \
86'TbT
£8'2HT

£6T07~
10z

S53

-10

60 50 40 30 20 10

70

200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

210




"H NMR, 400 MHz, CDCl4
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"H NMR, 400 MHz, CDCl,
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"H NMR, 400 MHz, CDCls
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"H NMR, 500 MHz, CDCly
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"H NMR, 500 MHz, CDCly
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"H NMR, 500 MHz, CDCl,
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"H NMR, 500 MHz, CDCl4
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"H NMR, 400 MHz, CDCls
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"H NMR, 400 MHz, CDCl;
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"H NMR, 500 MHz, CDClj
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"H NMR, 400 MHz, CDCl4
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"H NMR, 500 MHz, CDCl,4
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"H NMR, 400 MHz, CDClj4

t-Bu

Me
4, ”I

(0]
t-Bu )‘j
H

Ph

Me
4, 0,

Ph

2ac-m

2ac-p

Y, .

~61'T
=9LL

0
<5

=¥1'0
=80
14
mn.w
T€C

2SL°0
™Mo

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

95 90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)

10.0

3C NMR, 101 MHz, CDClg

8687 ~=
06'61 =

e
15'1E
9'bE
T'veE v
090 ~_
26'0p
mm.ovN
6°Th

£8'8p \
oz'er

88'¢CT
[
$8'921
88'921
€S
19221
wser
08°8ZT
¥6'62T
LT'0ET
0E'EET
YOPET V
06'SET —
669c1 7
85°EPT ~_
£6°EbT
95°8bT ~
zs6bT

9LT0T~,
10202~

20

50 30

T T T
100 90 80 70
f1 (ppm)

110

S73



"H NMR, 500 MHz, CDCl
O
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"H NMR, 400 MHz, CDCl,
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"H NMR, 400 MHz, CDClj
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"H NMR, 400 MHz, CDClj
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"H NMR, 400 MHz, CDCl,
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H. HPLC and UPC? Traces

Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 0.6

mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C\CHEM32\1\DATA\DANIELE\DMZ649.D)

mAU o] % 50 BN
300 T’ IR
250 H ‘ | &ﬁ' ste’rb‘
I ‘ |
200 Ph Ph I‘ \“ ‘\ \
150 \ [
rac-2a e
100 [
50 r N _ n P N
S
0 — .
| I 1 | | 1 1 1 T 1
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| [==== === [ === [ === |======- |
1 12.660 MM 0.2323 3848.36084 276.14331 49.7122
2 13.807 MM 0.2539 3892.91406 255.55632 50.2878
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ651.D)
mAU 3 A
0 ¥ Ke
700 R
600 ﬁ s
H &
500 Ph ‘l ‘“
1 |
400 ph”” s | o
300 o
o 2a ‘\ \I v
[ gy
100 B
|
0 ;R\)\ —— ) ,\“ /&h
- — |
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
it Bt [ === [ === === | === |
1 12.435 MM 0.2441 1.12997e4 771.47137 91.2705
2 13.514 MM 0.2287 1080.75391 78.77161 8.7295
DAD1 B, Sig=215,16 Ref=off (C:\CHEM32\1\DATA\GIACOMO C\GC258P.D)
ﬁ &
o
] O
(0] ‘ &
s
H 154
|
Ph [ &
3V
P o &
ent-2a 8 A
AP
S
R [
/J‘\\\R L SN 7\5;7
—— ] — T !
0 2 4 6 8 10 12 14 16 18 mil
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.031 MM 0.2396 1488.62158 103.56684 8.7299
2 14.255 MM 0.2989 1.55633e4 867.88135 91.2701
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Conditions: UPC? (Daicel Chiralpak ID-3 column, 20 °C, gradient CO2/MeCN from 100% CO,

to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 275 nm)

02-Feb-2018 13:57:30

DMZ710 IDB1 2 Sm (Mn, 2x3) Diode Array
0 275

Range: 2.044e-2

Area

H Time Height Area Area%

250 2669 76.84 4824

250 Ph 257 2582 8247 5176

2
e
.
/
/
/
£
| B N | ]
-0.00 1.00 X . | 9.00
DMZ707 IDB1 2 Sm (Mn, 2x3) Diode Array
2.49 275
i 436 Range: 2.538e-2
3 [0} Area
1 Time Height Area  Area%
249 13736 43600 8978
H 257 1744 4964 10.22
,, Ph
[ } . 257
L | 1 50
=) WA f‘;"“"‘A‘fJ il i WA
<L I ‘r\um,

=
3
@

Conditions: UPC? (Daicel Chiralpak IE-3 column, 20 °C, gradient CO2/MeCN from 100% CO,

to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm)

06-Feb-2018 10:29:13

DMZ711 IE3B1 Sm (Mn, 2x3) Diode Array
425 220
g fo) 10479 Range: 2 536e-1
| Area
E| Time  Height Area Area%
] H 4.41 4.25 242191 1047945 5040
4 10313 441 171911 1031346 4960
15612 Ph
= I C
1.0e-17
< 1 rac-2¢
5.0e-24
00%
:\""\""I """"" | L BB LR B NLEL LA N LR B R Trrrrrrr T T TTTT T L T
-0. 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00
DMZ708 IE3B1 Sm (Mn, 2x3) Diode Array
422 _ 220
i (0] 63370 Range: 1125
3 Area
k| Time Height Area Area%
3 H 422 1113624 6337039 83.59
B 4.4 203472 1243714 16.41
8.0e-1 , /Ph
6.06-1-
3 CI
> E|
< 3 2c
4.0e-1]
4.41
3 12437
2.0e-17
DD-\-H”-.-‘, ........ B R R e T T T T T i Time
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 .00
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Conditions: UPC? (Daicel Chiralpak ID-3 column, 20 °C, gradient CO2/MeCN from 100% CO,

to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm)

DMZ734 1D3-B1 REPEAT Sm (Mn, 2x3)
301
4 2000
5002 0
40823 H
3.0e-23 Ph
20822
E Me

1.08-27 rac-2d

UL N Y S |
i y Mo M\
‘

1.0e-23

20023
R I B
-0.00 1.00
DMZ732 ID3-B3 Sm (Mn, 2x3)

2.00

301_
6738

K o Ph

AU

Conditions: UPC? (Daicel Chiralpak IE-3 column, 20 °C, gradient CO2/MeCN
to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm)

DMZ731 IE3-B1 REPEAT Sm (Mn, 2x3)
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B B e o
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06-Mar-2018 17:32:39

LA

Diode Array
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Range: 8.161e-2
Area
Time Height Area Area%
3.01 66836 2899.78 4985
328 60258 291759 5015
T T T T
7.00 3.00 9.00
Diode Array
220
Range: 1 636e-1
Area
Time  Height Area Area%
3.01 148798 673813 79.89
328 36817 1696.38  20.11
T T T — Time
7.00 8.00

from 100% CO,

09-Mar-2018 10:05:34

Diode Array
220
Range: 7.697e-1
Area
372 Time  Height Area Area%
31127 3.57 751522 30849.09 4978
3.72 577503 31126.91 50.22
VA B T M T T LB | T ™1
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Diode Array
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L B N e e 1IMe
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Conditions: UPC? (Daicel Chiralpak IE-3 column, 20 °C, gradient CO2/MeCN from 100% CO,

to 60:40 over 4 minutes, curve 6, flow rate 2 mL/min, A =210 nm)

GC256_rac_IE_B1 Sm (Mn, 2x3)
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33918
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2.5e-

N
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2.0e-

-

AU
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GC257_P Sm (Mn, 2x3)
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Diode Array
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Conditions: UPC? (Daicel Chiralpak 1E-3 column, 20 °C, gradient CO2/MeOH from 100% CO;

to 80:20 over 4 minutes, curve 6, flow rate 2 mL/min, A = 215 nm)
GC270redrac_IE3-B3_0to20 Sm (Mn, 2x3)

Diode Array

. 397 406 215
3 9827| | 10081 Range: ? B56e-1
El Area
3 lime  Height Area Area%
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 0.5

mL/min, X = 215 nm)

DAD1 B, Sig=215,16 Ref=off (C\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-01 20-37-23\GC135RAC.D)

mAU 2 hd o {h,.\q
250 OH ﬁ i
1 | 1l o
2004 F | v | v
] |
150 | ‘,‘ i
| |
100 Ph A
| [ |
E rac-2h-reduced P
503 [ \
I L o J NN
1 " 1 1 " 1 I T 1 T T T "
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R | = e |-=—mm- !
1 15.069 MM 0.2657 4430.84033 277.89716 50.4386
2 15.973 MM 0.2821 4353.78564 257.23444 49.5614
DAD1 B, Sig=215,16 Ref=off (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-01 20-37-23\GC136.D)
AU x
e 5 0°
1000 OH QY
] S
800 F ‘\ %?‘Q'
E I
600 , [ L@
1 Ph™ o
400 2
] 2h-reduced S &
65.&’| |
200 =
ol AN AW
1 - - 1 ~ - 1 1 "~ " T T I T 1 T T "
0 2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [====] === | === [ === | === |
1 15.039 MM 0.2558 2280.43018 148.60152 9.6657
2 15.928 MM 0.3026 2.13126e4 1173.76208 90.3343

Conditions: UPC? (Daicel Chiralpak IE-3 column, 20 °C, gradient CO,/MeCN from 100% CO;
to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 229 nm)

24-Oct-2017 11:07:06

DMZ613 IE3 B1 Sm (Mn, 2x3) Diode Array
. | 279
2253 | RangeAI?ég
3 Time  Height Area Area%
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< El | rac-2i
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7 5e-14
3 184
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0.05 : " T T T T T ‘
-0. 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
DMZ694 1E3 B1 Sm (Mn, 2x3) Diode Array
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18614 Range: 1.8986-1
E| Area
186 13 Time  Height Area Area%
el o) 174 18193 138244  10.18
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12614 200 H
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= i .
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2002 U
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Conditions: HPLC (Daicel Chiralpak IC-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 0.6
mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C\CHEM32\1\DATA\DANIELE\DMZ6620H.D)
= < @
mAUE 3 @YD @?J
1 OH g gr 4f
14003 ) T &' &
1200 ] SiMes (G
10003 . (1
800 I ‘
g0 N . IR
4003 rac-2j-reduced . [ |
] i\
200 I\
D : VA S Y ,—1" — ll \'f — —
————————— Y ——————————————
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s [mAU] %
- |- | === === | === | | |
1 10.044 MM 0.2177 2.24405e4 1718.00415 49.5815
2 11.108 MM 0.2431 2.28193ed4 1564.69275 50.4185
DAD1 C, Sig=215,8 Ref=360,100 (C\CHEM32\1\DATA\DANIELE'\DMZ6610H.D)
mAU 1 g 22
] OH E &
500 - ) &
E SiMe; 1%
4004 |l
E (XN
L py A&
200 . o &
E 2j-reduced 3 & |
1003 x|
03 — AN S -
e R T T T T .
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
====|======- |====1 | | |======== I
1 9.992 MM 0.1675 B867.89099 86.35443 9.9761
2 11.043 MM 0.2078 7831.79150 628.06952 90.0239

Conditions: HPLC (Daicel Chiralpak I1C-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 1.0
mL/min, A = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-02 12-31-15\GC150RAC.D)

mAU 1 0 ® ©
100 TPY o>
] o o &
80 H I & 8 4
] Me s =®
N Ph Me i f
40 I
] Ph ‘I\
27 rac-2k I\
Q{_/\—‘,_,»Ju\ff,,,f,i__uw_ SRSV S
20— ———
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [ === === === [ === | === I
1 8.218 MM 0.1622 1057.45691 108.64613 50.1216
2 11.806 MM 0.2303 1052.32654 76.15945 49.8784
DAD1 B, Sig=215,16 Ref=off (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-02 12-31-15\GC150.D)
mAU 0 2 o
300 % 5
250 H &
200 Me “?g
7
150 Ph ""(’Me \‘l o
-
100 Ph 1 8 50
I @
50 p\ 2k | \ ‘p_
o — — Ve |\ /\
|
-50‘ T T T T T T T T T T T T T T T T T T T T T T T T T ‘\ T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*g] [mAU] %
- e | === | === |- |
1 8.419 MM 0.1673 3736.94214 372.28320 76.5239
2 12.221 MM 0.2454 1146.42249 77.86103 23.4761

S84



Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 97:3 hexane/i-PrOH, flow rate 1.2
mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-02 19-06-23\GC153RAC.D)

AU > Y
™Y oH f0 .9 Ze
E or a9 8
60~ ! .bq, Mow I
40 @ major diasterecisomer 5 8 N [l
204 Me ) . ) o m‘@'b" | [
] Ph @ minor diastereoisomer 0 ‘T,‘} [ | |
a | | [
T | Ph (. n
-20 \ | M [ R [
1 \ ||\ rac-2l-reduced A [
40 | il Jy L [
-GU*: (VA ‘\1\ [ N . SV ,\H{_;L‘i _ 7\-,——_ -
T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
il Bt [ | === | === | ==—=———- \
1 16.927 MM 0.3536 1463.49548 68.98871 14.4745
2 18.025 MM 0.3712 1440.12280 64.66197 14.2433
3 19.267 MM 0.4094 3551.92017 144.59261 35.1297
4 23.591 MM 0.5351 3655.34229 113.86221 36.1526
DAD1 C, Sig=215,8 Ref=360,100 (C\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-02 19-06-23\GC152.D)
mAU 1 b N
El OH o “ T o D:\-Q
1403 o N
120 g ® %
1003 @ major diastereoisomer 5
1 Y Me . i . N
80 Ph ""l-'" @ minor diastereoisomer | @ ® o &
60 | f @ 35"
] Ph e &5
3 \ ~
407 | 2l-reduced S5 a%e
203 W S [
o N YR WAV U S N .
T T T e
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e |—=—=====-= |-=—=————- | -==—=——=- \
1 17.376 MM 0.3451 1833.14709 88.53117 24.8605
2 18.478 MM 0.3918 256.01578 10.89076 3.4720
3 19.688 MM 0.3880 543.55225 23.34823 7.3715
4 23.717 MM 0.4812 4741.00684 164.21342 64.2960
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Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, gradient CO,/i-PrOH from 100%
CO, to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm)

GC231rac_B2 P ) Diode Array
220
442
F ‘;5193- 1061 Range: 4 403s-2
4.0e-23 OH Area
L Time Height Area  Area%
E ] , . 3.96 22465 bHg2.50 18.01
E| @ major diastereoisomer 4.07 21680 54064 1731
3.5e-27 o - 413 36129 95001 30.71
_E Ph @ minor diastereoisomer 447 35454 106073 33.07
E Ph .
30e-22 rac-2m-reduced 407
E 541
2 5e-23 ¢
"z 2 De-23
15e-22
1.0e-22
5[]9_3_; }W
0.0 WW
T

p.00 1.00 2.00 3.00 400 500 6.00
GC219_ P Diode Array
- [
441° 220
i 4039 Range: 1.407e-1
3 OH Area
] Time  Height Area  Areal
1 29_1_: 398 8136 2013 3.06
) ] i i i 408 77341 199972 3036
1 5 @ major diastereoisomer 413 14862 34581 527
4 Ph ’ @ minor diastereoisomer 441 133346 403854 61.32
1.0e-1= Ph
1 2m-reduced o
3 4.06
1 2000
8.0e-2-
= 3
< i
6 0e-2-
4.0e-22
1 e o
2.0e-2= 3.96
UU-| DRI e e L |||||||||||||||rrf!rrrll-|l-|-|-|'|||||Time
-0.00 1.00 2.00 3.00 400 500 6.00

S86



Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 95:5 hexane/i-PrOH, flow rate 0.5
mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-17 12-04-43\GC171.D)

mAU & © ® N
[e) 3 o (OQ @‘?9
35 09 R Q;\
30 H \ H‘?Séb ‘I.\‘?se}'b
L . o ‘
25 @ major diastereoisomer @ @ K ,\é\“ I
. P . + = AN G |
20 Ph @ minor diasterecisomer 3, %\ ._'\Q’ | | '
15 08 & [ I
Ph PAtae | ‘
10 rac-2n (\\1 i R B
- Y Au |\ |\
i o 4// \N\\——Aﬂv\«¥,A~, _J ‘,\g‘ N AN ) N o
T T T T T T
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

1 0

2 0.2934 167.79715 9.53161 7.8880
3 19.932 MM 0.3834 905.17523 39.35262 42.5516
4 0.4836 876.80133 30.21835 41.2178

DAD1 B, Sig=215,16 Ref=off (CACHEM32\1\DATA\GIACOMO C\GC312_P.D) @
mAU ] 0 % \Qf,_go
14 N o _ ] P
800 @ major diastereoisomer I
s0d ph @ minor diastereoisomer 1 ° 6,\?5\ H °
400% Ph | § ,z-;g) R ‘\ (oq,?’h
: 2n | &% & g X
200 | ‘\ ‘\‘. 2 @rz;- “ \‘ E'Q?S?ﬂ)
0] AN YA P S N Y 2
o 5 T T T T T T T T T T s T T T T T T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
i R e e e |
1 16.068 MM 0.2920 3851.97192 219.85869 13.7446
2 16.888 MM 0.2549 477.54913 31.22558 1.7040
3 20.016 MM 0.3517 2.19360e4 1039.63049 78.271¢
4 26.498 MM 0.4493 1759.94153 65.28530 6.2798

S87



Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, gradient CO-/MeOH from 100%
CO; to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 210 nm)

5.0e-2

GC1ddrac Sm (Mn, 2x3) P Diode Array
3.99 ° ° 210
E 10745 | ¥ 413 Range: 4 832e-1
: 10762 Area
2 OH Time  Height Area  Aread
4 08_1_: 399 387421 1074498 3175
: ES Ph 413 372285 1076196  31.20
= @ major diastereoisomer 428 202023 G0O59.94 1791
E| 442 1954386 6277.73 18.55
3-59'1—; Ph @ minor diasterecisomer
3 Ph [ )
3 428
3.0e-1= rac-2o-reduced Biﬁﬂ
2.5e-15
2.0e-13
15e-12
1.0e-13

-000 050 100 150 200 250 300 350 400 450 500 550 600

GC289_Pred Sm (Mn, 2x3) Diode Array
- ) an @ 210
223 81593 Range: 2.232
3 Area
202 Time Height Area  Area%
F| OH 398 230037 6542499 438
3 411 2132751 8159285  55.67
1.82 Ph o . 427 169736 499221  3.41
3 @ major diastereoisomer 441 1604900 5355280 36.54
163 Ph ""'r'JJ @ minor diastereoisomer [
3 Ph
1.4= 20-reduced
123
= 3
< 3
1.0=
8.0e-13
6.0e-13
4.0e-13
2 De-13
U.U: I'|rI1r||rI|rl1rl'|rl1r||ll1|I|lI'|rlIr|IlII|r|lr‘|lrll|’||lI'|rI|r||r|lr||rl‘|r||r|1rll[Tim’e

-000 050 100 150 200 250 300 350 400 450 500 550
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 1.2
mL/min, X = 215 nm)

DAD1 B, Sig=215,16 Ref=off (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2018-02-13 18-03-40\GC230A RAC.D)
(0]

| ~
o 2o
40 H ¢ g @ q &
] [ | & [
304 | [
] Ph [ [
20 A [ \
] Ph /\ -
103 77/\_/\‘/ " SRV T J _ ,\ﬁ-‘ o .
Bl rac-2p T
e major ﬁiastqreoisomer/r‘“
] 0 fl I\ -
qod M S
—Y [+
5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e B |====]=====m | === | == | ==mmmms !
1 26.367 MM 0.7210 1623.53931 37.52808 49.3658
2 31.997 MM 0.7901 1665.25256 35.12791 50.6342
DAD1 B, Sig=215,16 Ref=off (C\CHEM32\1\DATA\GIACOMO C\GC291_A.D)
mAU Q
| OAc
50 I | H
| |
0 J J‘M\”“\ — | ‘\ ", )
e Ph 4 ©
-50 ~J | Ph ]
-100 S . i
Nyl 2p A 3
-150 \-._major diastereoisomer I\ <
-200 T A AN ®
— T ———— 1
e s s B
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== == [ === === [====———— | ===—————- | ===
1 25.733 BB 0.5064 4409.52441 133.84396 91.6741
2 31.450 BB 0.6312 400.47531 9.62849 8.3259
DAD1 C, Sig=215,8 Ref=360,100 (C\CHEM32\.._ ATA\GIACOMO C\CMH SEQUENCE 2018-02-27 13-45-47\GC230REDRAC.D)
mAU 1 OH bl o
104 2 bé@ &
1 OAc R ;ﬁ; W
] 3 3
8 | L& [ 1@
: Rl
6 Ph “ - \
E |
] o |
4 Ph . | \
] | rac-2p-reduced /N A
2] inor di j o
] i 1\ minor diastereoisomer p [
Oj,,ﬁ_ A/“ Vkvwﬂm“( A P w_j N o~ N~ P JJ L ‘/f ] \ﬁ;u . R
R T e e T T
0 5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [ ====] === [ === | ===——————- | === \
1 24.836 MM 0.6782 446.08609 10.96235 50.1738
2 26.948 MM 0.7973 442.99564 9.26019 49.8262
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2018-02-27 13-45-47\GC214B.D)
mAU 1 OH ~ q
30 g ¢
El OAc %{j B
E [ @
Y
20—; Ph t,, “ ;Ea
159 M
E Ph S|
107 2p-reduced S
5 wn‘f minor diastereoisomer J | \\
El | /
Oéf J V‘k N N N S
——T———— T : T T T
0 5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [ === === | ===——————= | === | === \
1 24.821 MM 0.6735 212.79890 5.26588 11.7257

2 26.727 MM 0.8229 1€02.00220 32.44505 88.2743
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Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, isocratic CO./i-PrOH 90:10 flow

rate 3 mL/min, A = 220 nm)

DMZE110H ISO CEL1-B2 Sm (Mn, 2x3) Dicde Array
220
4 5e-2 Range: 4.684s-2
3 Area
3 Time Height Area  Arealil
4 0e-2= 284 3198 20834 1065
i 3.02 10636 75035 3834
E 337 2050 22074 1M1.74
35e.23 3892 8512 76784  39.25
3002 oH
3 cl
2 5e-24 @ major diastereoisomer
2 3 Ph @ minor diastereoisomer
i Ph
2.[]&:—2~E rac-2q-reduced
1.5e-24
1.0e-23
5.0e-3
0.0d_
| i W B T I R R R i I T i R IR R R R 1
-0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 .00 9.00
DMZE09CH ISO CEL1-B2 Sm (Mn, 2x3) Diode Array
i} 3800 220
i 8576 Range: 3.101e-2
E| Area
8 0e-25 Time Height Area  Areal
) : 282 5476 33737 270
- 301 16318 1102.27 8.82]
B 336 31226 248333 19.57]
OH 3.89 29560 B8576.20 63.61
Cl
@ major diastereoisomer
ph”” @ minor diastereoisomer
Ph
2q-reduced
nZ
"|lrrrr|||rr||||||||| UL |||||'|'||||'||'||lllr|-rf||||r||||||||||||||||||||||||'|'|'|'|ll'|1Tir|"|E
oo0 oo 20 sho b0 500 ebo 7o sbo ' 900
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Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, isocratic CO./i-PrOH 90:10 flow
rate 3 mL/min, A = 205 nm)

DMZ8120H IS0 CEL1-B2 Sm (Mn, 2x3) Diode Array
1 061 351® 205
Ve 3 8238 Range: 1.093e-1
2 Area
g Je-2=2 Time  Height Area  Areals
3 4.5}, 33 67050 535343 1961
E] 8419 351 95930 3823766 3015
8.0e-22 ° OH 394 53225 525582 19.34
3 3.31 457 Ti745 E419.02 3084
2 a2 5353 Br
-Le- 3 @ major diastereoisomer
E.DE-Q% Ph @ minor diastereoisomer
3 Ph
3 rac-2r-reduced
5 0e-2=
> Fl
= 3
4.0e-23
3.08-23
2.0e-23
1.0e-23
[J.[Hf"—" o P
.
-0.00 1.00 2.00 3.00 4.00 5.00 G.00 7.00 8.00 9.00
DMZ2100H2 IS0 CEL1-B2 Sm (Mn, 2x3) Diode Array
205
E Range: 8.3862-2
3 Area
9= Time Height Area  Area%
708 23 338 312 24383 525
= 359 3817 27933 6.02
3 402 17773 183819 3535
E_DE—EE 469 22384 247541 5338
3 OH
5 0e-22 Br
E| @ major diastereoisomer
E ph” @ minor diastereoisomer
4.0e-23 Bh
[ = E 2r-reduced
22 [ )
3.0e 2; ° 469
E 402 2475
2.0e-27
1.0e-23
003+
o R R A PR e e e e g ey ey TIME
-0.00 1.00 2.00 3.00 4.00 5.00 G.00 7.00 8.00

S91



Conditions: UPC? (Daicel Chiralpak 1C-3 column, 20 °C, gradient CO./i-

CO; to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 210 nm)

PrOH from 100%

GC316_A_IC-B2 Sm (Mn, 2x3) Diode Array
392 _ 404 210
3 10281 ] 9570 Range: 3.904e-1
3 Area
r Time Height Area  Areaty
3 o 0 392 223352 1026138 51.74
E| 404 202026 956954 4326
3 0e-13 H N
E Ph o
E Ph
2'59'1E rac-2s
3 major diastereoisomer
- 2.[]e—1-;
< E|
1.6e-17
1.0e-13
5.08-27
0.0
-|I1II| rl IIIIIIII|IIII||III|II1P|IIII|III1|II|I|IIII1PII||IIII||IIIIPIII|IIII|1PII|II|I|IIII|IIII|
-0.00 050 100 150 200 250 300 350 400 450 500 550 600
GC315_A Sm (Mn, 2x3) Diode Array
) 391 _ 210
3 85347 Range: 2.031
3 Area
3 Time Height Area Area%
1.8 3.91 1832212 8534659 9132
= Q 4.04 177372 811379 8.68|
163 H N
143 Pm O
3 Ph
E| 2s
1 -2_5 major diastereoisomer
LES 105
8 0e-13
6.0e-12
E 4.04
40e-13 8114
20613
A ,
[ il I RN AR RS ) il ekl Rl ekl ALl Gl Mol ekl Rl Rl il Lkl Mt kbl il e T 110 L
-0.00 050 100 150 200 250 300 350 400 450 500 550 6.00
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Conditions: UPC? (Daicel Chiralpak 1C-3 column, 20 °C, gradient CO,/i-PrOH from 100%
CO; to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 210 nm)

GC316_B_IC-B2 Sm (Mn, 2x3)

3.0e-1

2 5e-1

2.0e-1
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1.0e-1
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LAAAL RhhA TR
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6.0e-1
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10850 | 423

10816

Time

413

o o 423

N
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minor diastereoisomer

413 _
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Time
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o
N
v,
Ph ! o)

2s
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Height
231112
219941
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1996962
237806

Diode Array
210

Range: 4.0562-1
Area

Area  Area%
1085046  50.08
1081616  49.92

AR AAALE MRS ]
550 6.00
Diode Array

Range: 2.203

Area  Areal

102716.67
11330.08

j IFTY FETTY FYNEY PYFT ITTSY PITTY IEPT FPTTS FYRT AFTTH FYAE] (TP FPTSY PYTPY RTTa FrTel FYRTT FPPTH FIWEY PYFT] FEe) Pre

G.n- AR RS RLRANI
-0.00  0.50

100 150 200 250 300 350 400 450

5.00

L U T T [ e e e e e preeepeeny | NE

550  6.00

210

Area
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Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, gradient CO,/EtOH from 100%
CO, to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 215 nm)

GC230_ALF Sm (Mn, 2x3) Diode Array
429 444 215
5.53-13 14621 14090 Range: 5.608e-1
3 Area
5 0e-1=2 OH OH Jime  Height Area  Area%
3 120 542558 1462148  50.93
3 144 507802 14080385 4007
4 be-13
3 Ph
4.0&-1—; Ph
—; rac-2t-reduced
35813 major diastereoisomer
3.0e-13
=2 |
< 3
2he-1=
2 De-13
1.5e-1%
1.0e-13
5.0e-23
[J.ﬂ%
[AAAS RLARN ALY RALAN LA I RAARE LAY | | Al LA | | L AL | AR LARAS LARAN RASAS RAREN LALAN RARLE LERAI ]
000 050 100 150 200 250 300 350 400 500 550 .
GC303_ALF Sm (Mn, 2x3) Diode Array
443 215
= 35080 Range: 1.233
= Area
112 Tifne Height Area  Area%
N 4129 144819 393039  10.07|
E OH OH 4|42 1200971 3508050 £0.03
105
9.0e-14 3
E Ph”
8.0e-13 Ph
3 2t-reduced
7.0e-1= major diastereoisomer
"2 601
5.0e-13
40e-13
3.0e-13
E 420
2.0e-12
1.0e-13
D- :ll 1 i ¥ 1 F1|'|I|I1I|P1rIFIl|1I|I1P|P1rlPIl|1I|I1P|P1r|rll|rIlI1I|P1r‘PIIIFI1I|I|P1I|PIP|FIrI|Time
-0.0 050 100 150 200 250 300 350 400 450 500 550 6.00
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Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, gradient CO,/EtOH from 100%
CO, to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 215 nm)

GC280_Brac_red-CEL1-B4 Sm (Mn, 2x3)

—
iz
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5. 5e-1
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2.00
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3.00
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3.50
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159787 Range: 6.188e-1
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T B I B i R R R S |
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34969 ]
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3011
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Diode Array
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 80:20 hexane/i-PrOH, flow rate 1.0
mL/min, X = 215 nm)

3
3>
c

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-14 10-56-12\GC166A.D)

> %
] o ® o
6] EE
] (0] OMe e
44 H
] 1
= Ph ;‘\ J“\
] N i
0 IYAN A
. Ph_ WM~ VL
2] rac-2u ' —
1 major diastereoisomer o
4 ————
———
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
#+ [min] [min] [mMAU*s] [mAU] %
e e | = | = |=mmmmmme
1 11.104 MM 0.2763 165.36761 9.97381 50.3492
2 14.265 MM 0.3351 163.07391 8.11038 49.6508

mAU

DAD1 B, Sig=215,16 Ref=off (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2018-05-06 21-20-54\GC304_A.D)

E o) % &
1 N
500 Ox-OMe 0
E H | \\?g?a
400 I
] ‘,
3004 Ph ‘ ‘\ \I R
| |
200 ” Ph n o &
] H 2u [ g 5
1003 (1 major diastereoisomer [ e
Oé e A A~ i~ SN AN o
——YV¥F ¥ 7————
0 2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=== == [==== === === | === | === |
1 11.471 MM 0.2445 8787.70117 599.11578 91.1799
2 14.869 MM 0.3009 850.06439 47.08404 8.8201
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2017-11-14 10-56-12\GC166B.D)
mAU f
I 0
5 p “‘
25 | . O OMe
i I H | H
0 N
253 N AT
5 ~—_ S U ‘\ || Ph
75 / ~ T __Ph
-10 rac2u T~
-125 minor diastereoisomer o
HsTr— - ————
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 14.434 MM 0.3415 241.16136 11.77041 51.588¢6
2 15.970 MM 0.3647 226.30862 10.34327 46.4114

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\GIACOMO C\CMH SEQUENCE 2018-05-06 21-20-54\GC304_B.D)

mAU 3 o
3 () OMe
250 ” H
200—; ‘ , ",
150 ‘ “\ ( Ph
] | I
1004 i I Ph
] | I 2u
50 [\ Al by inor diast i
] IS N1\, minor diastereoisomer J
0+ '
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

o e |- | - | ==
1 14.814 MM 0.3256 699.89795 35.83067 8.9511
2 16.397 MM 0.4289 7119.19482 276.66876 91.0489
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Conditions: UPC? (Daicel Chiralpak 1C-3 column, 20 °C, gradient CO,/i-PrOH from 100%
CO to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 220 nm)

DMZ742 1C_B2 Diode Array
220
1 o Range: 8.784e-1
E OMe Area
1 Time Height Area  Arzaih
3 H 443 56076 287217 2532
] 458 43567 201644 1985
6.0e-13 Ph 4683 52293 242058 2387
E 433 52276 283332 2794
.‘jf 4_{)9_1_:, rac-2v
3 @ major diastereoisomer
2 D _ @ minor diastereoisomer . Lg“.
3 2872 347
0. (Frr e : . i e S
-0.00 1.00 2.00 3.00 400 5.00 G.00 7.00 8.00 9.00
DMZ760 Fr52-62 IC_B2 PY Diode Array
B 455 9 220
: 15749 Range: 3.293e-1
3.0e-14 0 OMe Area
3 Time  Height Area  Areais
| H 442 15887 1174.55 G694
2.5e-13 ) 453 299019 1574926 9306
E Ph
2.0e-15
3 '; o
= 15e1d 2v
3 minor diastereoisomer
1.De-1—§ )
— 442
5.0e-23 175 \\
0. - C L B L i I [ I L B e e R I R R |
-0.00 1.00 2.00 3.00 0 5.00 6.00 7.00 8.00 9.00
DMZT60 Freg-75 1C_B2 Diode Array
) 467 @ 220
6.0e-13 30362 Range: 6.246e-1
3 Q oM Area
| € Time Height Area  Area
5.De-1—§ H 467 590261 3036192 9540
3 482 2534 1465.41 4.60
40813 Ph™
= 3
z 3.0e-13 v ©
E major diastereoisomer
2.0e-13
3 L
| 482
1.0e-13 1465
0.05 TR T TR r LT T e e e s e e s e eyriseyeee ) TIE
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 30 °C, 98.5:1.5 hexane/i-PrOH, flow rate
1.2 mL/min, X = 215 nm)

DAD1 C, 8Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ6450H98515.D)

AU
A OH
80
o0 ] @ major diasterecisomer [ ) [ {
E ) . . £ A
w0 Ph @ minor diastereoisomer o < {3.@@'\ R &
E E@% \@ré% g 'b"’\% E 'ngg-
20 rac-2w-reduced ,?'\V' b f\r@' ey
[ e S —— u”\|/ \\“__A/ \\77,, S
L L L S U
0 10 20 30 40 50 60 mmin
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il ity [ | === | —————————- | === \
1 44,549 MM 0.7680 773.49457 16.78517 23.9469
2 46.451 MM 0.7868 815.77020 17.27946  25.2557
3 53.044 MM 0.9511 781.29395 13.69146 24,1883
4 63.757 MM 1.2824 859.48444 11.17007 26.6091
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ6460H98515.D)
mAU ] OH 2 N N
b IS S
80 2 9 W
] 1 i & 5@4"
60 @ major diastereoisomer ‘\"V s S
] K | @ [}
40 Ph ” @ minor diasterecisomer ‘\ \‘ Y ) ,{;33 | ‘\
] [l & _@(o. 8 _633/ \
20 2w-reduced H | S (& “
] | \ ?‘*‘ ¢ I
0] Y o o o \J ,\\,/, y,,,% AN o
L L L S T
0 10 20 30 40 50 60 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
| |====|=—====—= | === |=====——- | -=—=———- \
1 43.710 MM 0.8175 3977.03516 81.08303 42.2718
2 5.917 MM 0.8046 495.81079 10.27045 5.2700
3 52.130 MM 0.8338 512.25488 10.23955 5.4447
4 61.620 MM 1.1849 4423.15430 62.21484 47.0135
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Conditions: UPC? (Daicel Chiralpak 1D-3 column, 20 °C, gradient CO/i-PrOH from 100%
CO, to 60:40 over 4 minutes, curve 6, flow rate 3 mL/min, A = 273 nm)

DMZ7250HFrs-9 ID3-B3 Sm (Mn, 2x3)

) g
] 665
2.0e-27 949

< @ major diastereoisomer

OH

@ minor diastereocisomer

AU
sl

ey

rac-2x-reduced

16-Mar-2018 17:04:40

Height

261584 664.56

Diode Array
273

Range: 3.448e-2
Area
Area%
37.04

Area

. SR — S - S A—
-0.00 1.00 200 3.00 400 5.00 6.00 7.00 800 900
DMZ7240HFr32-33 ID3-B3 Sm (Mn, 2x3) Y OH Diode Array
3.40 273
466 Range: 2.505e-2
Area
Time Height  Area Area%
3.40 17497 466.22 92.92
MeO w,@ 367 1000 3554  7.08
: l |
UM ] |
) 2x-reduced
major diastereoisomer
L B R R rTrTT L T T rToT " T T TT T T MR B |
-0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 .00 9.00
DMZ7240HFr32-33 ID3-B3 Sm (Mn, 2x3) OH Diode Array
273
3 Range: 2.505e-2
3 Area
1'09723 Time Height  Area Area%
E| MeO ", 3.35 11011 27312 91.06
5.0e-35 ’ 3.48 810  26.80 5.94
= 3 |
<< 3
0.0 1@
T A PRI o et [ 1
i | [ e 2x-reduced
-5.0e- § minor diastereoisomer /
.0e23 ,r,‘.rw,\\.“""%w,mww.mme
-0.0f 1.00 2.00 3.00 4.00 5.00 6.00 8.00 9.00

Conditions: HPLC (Daicel Chiralpak IC-3 column, 20 °C, 96:4 hexane/i-PrOH, flow rate 0.8

mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ757.D)

mAU § 3 S ©
3 9 i > Q\x’bt\
1753 P
E Me L& P
1503 Il
= |
1253 \‘ |
1004 Ph \ “ [
759 rac-2y “‘ \I\ I
= 3 nc‘f\ A /\\ [\ | “\
25 M N ARV
03 " S J o TN
L ) L ) I
0 2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
il Bttt [==== === | === |========== [ === \
1 12.064 MF 0.2472 2891.63940 194.95476 49.5585
2 13.126 FM 0.2726 2943.15698 179.92612 50.4415
DAD1 C, Sig=215.8 Ref=360,100 (C:\\CHEM32\1\DATA\DANIELE\DMZ756.D)
mAU RN &
] i ©
E <
250 Q ﬁ &
E Me [ &S
w0y ‘\ |
1509 ‘ $
E Ph //,I/ | l‘ ~ {,;.\‘b
100 2 l\ | ® fb_bﬂ’
50 Y A LR
E A /\\ NV ,\ A
04 e PN e _
-—¥—Fr 71— — —
0 2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
- == | ====]======- [======——— | === | === \
1 12.107 MF 0.2603 4668.36328 298.88525 91,6416
2 13.167 FM 0.2266 425.78842 31.31336 8.3584
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 96:4 hexane/i-PrOH, flow rate 0.8

mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ759.D)

mAU 3 <3 ©
1 X
2507 ) g b@ié:i Qo
] Me KR
200 L& L&
L H IS
150 ‘\ i
i Ph /| j ‘|
k!
100 rac-2z I I
1 \ \
50 AR
] SN \NS— S~ \v—\‘!‘ _\ —
o+—" T B
7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Rttt [====]======= [ === [ === | ===
1 10.479 MM 0.2129 3256.88477 254.99597 495.6602
2 11.853 MM 0.2442 3301.45630 225.36890 50.3398
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ758.D)
~
mAUi 0 % b:.f,b
1754 Me T 4‘1'/\%
1504 H e
1254 i, il
100 Ph ’ ‘ \‘ 63\"3
75 2z [ 58
E I @ @
207 o=
25 [ N
0 f I, N A U S N _
—_— — —_—— . . .
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
il Bttt | === === [ === [ ====——==== | =======- |
1 10.537 MM 0.2264 2734.28369 201.32080 88.3208
2 11.907 MM 0.2160 361.57263 27.90025 11.6792

Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 0.6
mL/min, A = 215 nm)

DAD1 C, Sig=215.8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZE980H.D)

4 o
mAU G g Q@; rs“’%
350 3 ¥ o va
300 tBu & | v
2503 i I
2002 pp I '
1505 [
E rac-2aa-reduced | |
1003 '
503 |
0 E _’,’f* —_— k. —
- o o . : . .
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Rt [====]======= |=======—=- | === | ======= |
1 11.000 MM 0.1849 4207.39795 379.18771 49.9645
2 12.217 MM 0.2094 4213.38379 335.39847 50.0355
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ6970H.D)
mAU 1 OH 2 W
300 4 @
E tBu moW
2503 L&
200 I
iopn ‘
1503 oF
e 2aa-reduced g &
1003 @& ||
1 9\75 | [
50 N I
0 f S~ — yL\r /“ \\;‘
— 77— T T T —
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [l e [====mm—- [ === | ======== |
1 10.942 MM 0.1882 589.09033 52.17299 11.3472
2 12.239 MM 0.2318 4602.40918 330.96783 88.6528
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 98:2 hexane/i-PrOH, flow rate 0.6
mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ693-982.D)

mAU ]
- (o] tBu
80
1 H
60
] Ph
40 tBu
] rac-2ab
20+
0777 TTee—— N S s - o .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
il et [ === === [ === [=====———= | —==————= \
1 10.188 MF 0.2433 1598.44775 109.49973 49.5772
2 11.174 FM 0.2582 1625.70923 104.95632 50.4228
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ703.D)
3 r~
mAU_; Bu g b{]?"o
300 | &
2504 H ‘l‘\h&
200 ? \
] PR tBu I &
150 5 | o
E 2ab o
100 B
504 P
El T a [
OE — ~ N o — >~ \“r
— — : : T T —
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Il Bt [ === [====mm= [====m [=====—= \
1 10.437 MM 0.2386 5442.66357 380.21954 87.2275
2 11.513 MM 0.2383 796.95605 55.74033 12.7725
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Conditions: UPC? (Daicel Chiralpak CEL1 column, 20 °C, isocratic CO2/EtOH 95:5, flow rate
3 mL/min, A =203 nm)

DMZE960H CEL1B4iso [ ]

Diode Array
162 _ 203
30856 | @

1.97

Range: 6.98e-1

6.0e-1-

5 0e-13

AU

AU

[ T
1.00

12241

31174

197 @

Time
1.51
1.62
1.85
197

OH
Me

OH

Ph
rac-2ac-p-reduced

Ph

Height
139046
692835
121260
617074

Me

Area
5523.69
30856.23
5412.31
3INTIT6

t-Bu

rac-2ac-m-reduced

Area
Area%
757
4229
7.42
4272

Time:
151
163
185
187

Height
8839
44619
48159
258160

800
Diode Array

!

Range: 2.

Area
32053
191353
2148 47
12241 .34

OH OH
ﬁmt@mu SMJ@
P ph” t-Bu

2ac-p-reduced

2ac-m-reduced

i
0o

203
621e-1
Area
Areat
1.93]
1151
1292
7364
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Conditions: HPLC (Daicel Chiralpak 1C-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 0.6
mL/min, X = 215 nm)

DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ676.D)

mAU 3 &
150 i 3 ﬁ?r’gm ,33\6L
Me Me ﬁ 7')'% | fZ')'q/
125 H ‘ ‘?@ | e
100 \\ h
75 Ph Me [ [
50 rac-2ad | |l

16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [ === === [======—= |====mm | === |
1 11.098 MM 0.2168 2173.91943 167.140604 49.8463
2 12.082 MM 0.2341 2187.32397 155.72803 50.1537
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ682.D)
mAU g &
1 (0] ® o
200 P
i Me Me Il &
1001 H )@[ s
D—: 4, 1
+_ Ph” Me M
1™ L2
-100 - S 2ad (g
] ~~ =
2004 T— e NN J NS
— L S e e B B — T T T T B e e e e I — T
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- | | === == [—=—mmmm- R | -—————- |
1 11.04% MM 0.2084 €050.81396 483.95087 90.9821
2 11.999 MM 0.1929 599.74091 51.81993 9.0179

Conditions: HPLC (Daicel Chiralpak IC-3 column, 20 °C, 90:10 hexane/i-PrOH, flow rate 0.6
mL/min, X =215 nm)

DAD1 D, Sig=230,16 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\GC239.D)

0] Me 3 &
hig S
Me Me r P
H | &®
¥
Ph Me [
Me '
rac-2ae | [
S J ———— — — — —_ - —_— L \'—I - 1 ,\,' S
e T S S A N ' e —r—— T —r— 71—
2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e e |mmefmm—n——— P s Jm=mammmmns [mrs=mmrs |
1 11.169 MM 0.2398 2059.08374 143.11581 50.3928
2 14.696 MM 0.2963 2026.98047 114.01085 49.6072
DAD1 C, Sig=215,8 Ref=360,100 (C:\CHEM32\1\DATA\DANIELE\DMZ704.D)
mAU 1 o
] (e} Me g
] |
400 Me Me /|
1 H |
300
] , |
2004 PR Me 1
] [ .
100 Me [ g
E 2ae =
O 7 — e A — I A —~
!
7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [==== === === [====m=— | ===
1 11.121 BB 0.1875 ©646.23682 532.89545 91.3387
2 14.667 BB 0.2434 630.23785 39.65545 8.6613
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Conditions: UPC? (Daicel Chiralpak CEL1 column, 20 °C, isocratic CO2/MeCN 93.5:6.5, flow
rate 3 mL/min, A = 205 nm)

DMZT7980HIs0935-65 CEL1-B1 Sm (Mn, 2x3) Diode Array
205
3 Range: 5.702e-2
5.0e-2 OH = . . Area
3 H Time Height Area  Area%
E CO,Me 550 27278 578538  26.03
4 Ue—Z—: 2 6.18 23828 524748 23.61
. 1 Ph T7.20 22523 563308 2534
: reaction performed 768 21360 556310 25.03
: with rac-A 3.50
5 30els 5785 .18
=4 3 4-reduced 547 720 768
3 5633 5563
2,002
1.0e-2-
0.0
1||II|IIII|III IIII IIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
DMZ7890HIs0935-65 CEL1-B1 Sm (Mn, 2x3) Diode Array
763 205
1.0e-14 Range: 1.079e-1
3 Area
= Time Area  Area%)
3126.34 488
8.0e-2- on ) 411483 642
3 H 25588.54  39.92
| 3126339 4878
1 M
6.0e-23 5 CO-Me
L= E ph” .
3 reaction performed
4.0e-2= with (S)-A
3 4-reduced
2.0e-27
0.02)
000  1.00 2.00 . . 9.00
DMZ7970HIs0935-65 CEL1-B1 Sm (Mn, 2x3) Diode Array
205
E Rangs: 2.592e-1
3 OH = Area
: H Time  Height Area  Area%
3 COMe 5.97 173739 4124454  52.07
E 2 597 575 118034 2878771 36.34
1.58-13 Ph 41245 g1 21702 551646  6.96
3 reaction performed 875 15563 366715  4.63
b with (R)-A
= 1'09'1—5 4-reduced
5.0e-2-
ooi- I
_:'1|l|rl|'Irl|I1|l||l|fllr1lllrl|P|||1|I|r1Il|rllf1|l1|l|I1IIIIIII|IP| T T |1|Time
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 9.00
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Conditions: UPC? (Daicel Chiralpak 1B column, 20 °C, isocratic CO-/EtOH 95:5, flow rate 3
mL/min, X =201 nm)

DMZ7820H IB-B4 95-5 Sm (Mn, 2x3) PY Diode Array
; 2 o 201
1 5253 | .Y, Range: 7.644e-2
6.0e-24 5280 Area
: °® Time Height Area  Area%
3 272 65849 525260 26.26
- 2096 55355 44837383 2318
5.0e-23 3.53 319 58911 527969 26.39
] 4835 353 43040 483491 2417
40e-23 OH
1 @ major diastereoisomer
- 3'[]9_2_5 Ph @ minor diastereoisomer
< 3
2_09_2_5 rac-2af-reduced
1.0e-23
0.04

10823

LAARAS RARAN RAARNRARASN LARRS RARAS RALES RRAAN RARAS RAALERARAS RARAYLARARS RASAS RAARE RARAE MULLE RARAS]
-0.00 1.00 2.00 3.00 4.00 .00 6.00 7.00 8.00 9.00
DMZ7810H IB-B4 95-5 Sm (Mn, 2x3) Diode Array
201
3 Range: 1.397e-1
- Area
1.2e-14 [ ) Time  Height Area  Area%
1 317 @ 271 18511 143163 6.17
3 ogyg 351 205 20054 156307 673
1 10241 317 109649 997871  42.99
44 351 105242 1024093 4411
1.0e-14
8 0e-24
E OH
.= :
< 6.0e-27 51 @ major diasterecisomer
3 Ph ” @ minor diastereoisomer
4'09_2_5 2af-reduced
20627
u.n%,‘,,,

‘rtl-||1|r|r||r||r||||r||r1|||r-||r1||-1|||r|||||1|r1|r1|||r1||||||r1|r|||||1|r1|||r1|r1|r1|||TiITIE

-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
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Conditions: UPC? (Daicel Chiralpak CEL-1 column, 20 °C, isocratic CO./MeOH 95:5, flow rate
3 mL/min, A = 210 nm)

GC232rac_B3_isocratich Diode Array
~ H Range: 7.277
3 Me Area
3 Time Height Area  Area%
1 250 3335782 21062430 294
| Ph 3.02 1618788 10237334 14.29
: Me 327 3015575 20369044 2344
k| 347 1364321 9301942 13469
1 rac-6A-reduced 369 665565 4844115 676
5.0- @ major diastereoisomer 445 573044 53074.98 4
E @ minor diastereoisomer
] 259
M OH 210654
3 Et o
L= ] 3.27
3 203690
3"}_: Ph
é rac-6B-reduced
2. 9—: B minor regioisomer
] ® |0,
| 92019
i 20 M
1'0_: 43441 445
E m 5375
0.02 Lu‘-:-r
LA BLLELRL N BUELEL LA BN BN LA EL AL BRI ML BN IR BN B |
-0.00 1.00 2.00 3.00 4.00 5.00 6.00
GC224 P Py Diode Array
) 339 ° 210
E 17484 Range: 2 54e-1
2.4e-13 OH Area
| Me Time  Height Area  Area%
22e-12 268 43348 233174 6.73
E 3 310 18450 119432 345
7 0e-12 ph” 339 251881 1749429 5050
) H 355 121040 363807 2508
E Me 380 6082 BT7.07 1.67|
1.8&-1—E 6A-reduced 441 43906 435801 12.53
i 53_13 @ major diastereoisomer
3 @ minor diastereoisomer )
1.4e-13 156
=1 3 H 8688
< 12e12 ?
3 Et
10615 5 /©/
3 pn””
8.0e-22
E} 6B-reduced |
6.0e-23 e 441
HE i B minor regioisomer 2 3 4353
H 2332
4 0e-23
2.0e-23
D-D%wh‘l1wlrll1rlrﬁrll|lrl1 L NLSLIL I B L B e L B Time
-0.00 1.00 2.00 3.00 4.00 5.00 6.00
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