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A. General Information

The NMR spectra were recorded at 400 MHz and 500 MHz for *H or at 100 MHz and 125 MHz for
C, respectively. 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, 77.16 ppm **C NMR). Coupling constants are given
in Hz. The following abbreviations are used to indicate the multiplicity: s, singlet; d, doublet; t,
triplet; g, quartet; m, multiplet; bs, broad signal.

High-resolution mass spectra (HRMS) were obtained from the ICIQ High Resolution Mass
Spectrometry Unit on Waters GCT gas chromatograph coupled time-of-flight mass spectrometer
(GC/MS-TOF) with electron ionization (EI) or MicroTOF Il (Bruker Daltonics): HPLC-MS-TOF
(ESI). UV-vis measurements were carried out on a Shimadzu UV-2401PC spectrophotometer
equipped with photomultiplier detector, double beam optics and D, and W light sources. X-ray data
were obtained from the ICIQ X-Ray Unit using a Bruker-Nonius diffractometer equipped with an
APPEX 2 4K CCD area detector. Optical rotations were measured on a Polarimeter Jasco P-1030
and are reported as follows: [a]p rt(c in g per 100 mL, solvent).

Studies with nanosecond transient absorption spectroscopy (TAS) were performed using an
excitation source of Nd:YAG (neodymium-doped yttrium aluminium garnet) tuned with an optical
parametric oscillator (OPQO) from Opolette as a pump source. This laser produces 6 ns pulses of 1
mJ at a wavelength of 355 nm. The system is completed with two monochromators with double
grating at the VIS an IR, and a digital recorder DSP-DAU from RAMDSP. A photodetector
amplifiers and a software control complete the TAS system.

The authors are indebted to the team of the Research Support Area at ICIQ, in particular to: Dr.
Eduardo Escudero-Adan (X-ray Unit), Dr. Marta Giménez (Chemical Reaction Technologies Unit),
and Dr. Javier Pérez (Photophysics Unit). Grace Fox is thanked for proofreading the manuscript.

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 GF,s4, 0.25 mm) were used, using UV light as the
visualising agent and an acidic mixture of ceric ammonium molybdate or basic aqueous potassium
permangante (KMnQ,), and heat as developing agents. Organic solutions were concentrated under
reduced pressure on a Blichi rotary evaporator.

Determination of Diastereomeric Ratio. The diastereomeric ratio for the photoenolization/B-
benzylation sequence (products 5) was determined by 'H NMR analysis of the crude reaction
mixture through integration of diagnostic signals, and then confirmed by HPLC analysis.

Determination of Enantiomeric Purity: HPLC analysis on chiral stationary phase was performed
on an Agilent 1200-series instrumentation. Daicel Chiralpak 1A, 1B, ID, IC and I1C-3 columns with
hexane/iPrOH or hexane/iPrOH/DCM as the eluents were used. HPLC traces were compared to
racemic samples prepared running the reaction in the presence of the racemic catalyst 4b.

Materials: Commercial grade reagents and solvents were purchased at the highest commercial
quality from Sigma Aldrich, Fluka, Acros Organics, and Alfa Aesar and used as received, unless
otherwise stated. The chiral secondary amine catalysts (S)-(-)-a,a-diphenyl-2-pyrrolidinemethanol
trimethylsilyl ether (4a) and (S)-(—)-a,a-diphenyl-2-pyrrolidinemethanol tert-butyldimethylsilyl
ether (4b) are commercially available and were used without further purification.

Aliphatic a,B-unsaturated aldehydes 3 are commercially available and were purchased from Sigma-
Aldrich, Alfa Aesar or Acros Organics and used after distillation to avoid any presence of water or
other stabilizers, and then stored at 2-4 C° under an argon atmosphere. Enal 3g was prepared
according to a previously reported procedure (1). Benzophenones 1a, 1d and 1m were purchased
from Sigma-Aldrich and used without further purifications. Benzophenones 1j and 11 were prepared
according to (2). The preparation of the other benzophenones is detailed in Section B of the
Supporting Information.
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B. Substrate Synthesis
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Scheme S1. Synthetic pathways for preparing the benzophenone substrates 1

Method A: The commercially available benzaldehyde derivative S1 (1 equiv.) was dissolved in dry
THF (0.25 M) under an argon atmosphere. After cooling to 0 °C, a 0.5 M p-tolylmagnesium
bromide solution in THF (1.2 equiv.) was slowly added under vigorous stirring. The mixture was
allowed to warm up to ambient temperature (rt). Upon complete consumption of the starting
aldehyde S1, as determined by TLC analysis, water was slowly added at 0 °C. The biphasic system
was then extracted with Et,0 (x 3). The organic phases were collected and concentrated under
vacuum. The crude alcohol intermediate was dissolved in dry DCM (0.2 M solution) without any
purification. Then, activated MnO, (7 equiv.) was added at once under an argon atmosphere, and the
solution was warmed up at reflux for 10 hours. After cooling to ambient temperature, the mixture
was filtered through a pad of silica and the residue washed with DCM. The organic solution was
concentrated under vacuum and the crude mixture subjected to flash chromatography (FC)
purification on silica to afford the benzophenone substrate 1.

Method B: The commercially available bromobenzene derivative S2 (1 equiv.) was dissolved in
dry THF (0.25 M) under an argon atmosphere. After cooling the mixture to -30 °C, a solution of n-
BuLi 1.9 M in hexane (1.5 equiv.) was added dropwise. After the addition, the solution was allowed
to warm to ambient temperature and stirring was continued for 1 hour. The commercially available
aldehyde derivative S3 (1 equiv., 0.5 M solution in dry THF) was then added dropwise at 0 °C, and
stirring was continued over 2 hours. The reaction was then quenched by carefully adding water and
extracted with Et,O (x 3). The organic phases were collected and concentrated under vacuum. The
crude alcohol intermediate was then subjected to MnO, oxidation as in Method A. FC purification
on silica gel afforded the benzophenone substrate 1.
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5 (4-methoxy-2-methylphenyl)(phenyl)methanone (1b). Following the
procedure detailed in Method B, 1b was isolated by FC on silica gel
(hexane/EtOAc 97:3 v/v) in 77% vyield as a colorless oil. TLC
MeG Me (hexane/EtOAc: 95:5 V/v): Rs = 0.32; HRMS calculated for [C;sH1,0,+Na]™:
249.0891; found: 249.0894.
'H NMR (400 MHz, CDCls) § 7.83 — 7.74 (m, 2H), 7.61 — 7.54 (m, 1H), 7.50 — 7.43 (m, 2H), 7.36
(d, J=8.5Hz, 1H), 6.85 (dd, J = 2.5, 0.8 Hz, 1H), 6.76 (ddd, J = 8.5, 2.6, 0.6 Hz, 1H), 3.87 (s, 3H,
CH; OMe), 2.44 (d, J = 0.7 Hz, 3H, CHj). *C NMR (100 MHz, CDCls) § 197.7 (C=0), 161.3 (Cq
Ar), 140.6 (Cq Ar), 138.8 (Cqg Ar), 132.5 (CH Ar), 132.1 (CH Ar), 130.7 (Cq Ar), 130.0 (CH Ar
x2), 128.3 (CH Ar x2), 116.8 (CH Ar), 110.1 (CH Ar), 55.3 (CH3; OMe), 20.8 (CHa).

1b

0 (5-bromo-2-methylphenyl)(phenyl)methanone  (1c). Following the

Br procedure reported in the literature (2), 1c was isolated by FC on silica
O " O (hexane/EtOAc: 98:2 v/v) in 55% vyield as a colorless oil. TLC
1c (hexane/EtOAc: 98:2 wviv): Ry = 0.35; HRMS calculated for

[C14H1:BrO+Na]*: 296.9891; found: 296.9895.

'H NMR (400 MHz, CDCl) & 7.85 — 7.78 (m, 2H, Ar), 7.62 (ddt, J = 8.7, 6.9, 1.3 Hz, 1H, Ar),
7.55 — 7.42 (m, 4H, Ar), 7.19 (dd, J = 8.2, 0.8 Hz, 1H, Ar), 2.27 (s, 3H, CH3). *C NMR (100 MHz,
CDCly) § 196.9 (C=0), 140.5 (Cq Ar), 137.0 (Cq Ar), 135.5 (Cq Ar), 133.6 (CH Ar), 133.1 (CH
Ar), 132.7 (CH Ar), 130.8 (CH Ar), 130.1 (CH Ar x2), 128.7 (CH Ar x2), 118.9 (Cq Ar), 19.5
(CHb).

0 (4-bromophenyl)(o-tolyl)methanone (1g). Following the procedure

detailed in Method A, 1e was isolated by FC on silica (hexane/EtOAc: 98:2
Me s | VIV) in 76% yield as a colorless oil. TLC (hexane/EtOAc: 98:2 v/v): R =
1g 0.34; HRMS calculated for [C;4H1;BrO+Na]’: 296.9891; found: 296.9893.

'H NMR (400 MHz, CDCls) § 7.72 — 7.65 (m, 2H, Ar), 7.64 — 7.59 (m, 2H,
Ar), 7.47 — 7.38 (m, 1H, Ar), 7.36 — 7.24 (m, 4H, Ar), 2.35 (s, 1H, CHa). *C NMR (100 MHz,
CDCly) § 197.5 (C=0), 138.0 (Cq Ar), 136.8 (Cq Ar), 136.5 (Cq Ar), 131.8 (CH Ar x2), 131.6 (CH
Ar x2), 131.2 (CH Ar), 130.5 (CH Ar), 128.5 (CH Ar), 128.4 (Cq Ar), 125.3 (CH Ar), 20.0 (CHs).

0 (4-methoxyphenyl)(o-tolyl)methanone (1h). Following the procedure
‘\)\‘\ detailed in Method A, 1e was isolated by FC on silica (hexane/EtOAc: 98:2
O Me ome | VIV) in 76% yield as a colorless oil. TLC (hexane/EtOAc: 98:2 v/v): R¢ =

1h 0.34; HRMS calculated for [CysH140,+Na]™: 249.0891; found: 249.0896.

'H NMR (400 MHz, CDCl5) § 7.85 — 7.77 (m, 2H, Ar), 7.43 — 7.35 (m, 1H,
Ar), 7.33 — 7.21 (m, 4H, Ar), 6.99 — 6.89 (m, 2H, Ar), 3.89 (s, 3H, CH; OMe), 2.33 (s, 3H, CHs).
¥C NMR (100 MHz, CDCl) § 197.4 (C=0), 163.7 (Cq Ar), 139.2 (Cq Ar), 136.2 (Cq Ar), 132.5
(CH Ar x2), 130.8 (CH Ar), 130.5 (Cq Ar), 129.8 (CH Ar), 127.9 (CH Ar), 125.2 (CH Ar), 113.7
(Cq Ar x2), 55.5 (CH; OMe), 19.8 (CHs).
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C. General Procedures for the Enantioselective Organocatalytic Photoenolization/p-
Benzylation Sequence

General Procedure A (for aliphatic enals)

o}
o catalyst 4b (20 mol%)
15 W BLB Ar Ph
Ar o DPP (20 mol%) R N Ph
+ ,\)L —_— Q H oOTss
Alk H 0-Cl,CgHy, 25°C, 20 h 4b
1 equiv. R! 5.5 equiv. [1]p=0.033 M Alk H
1 3 5

An oven-dried, 10 mL Schlenk tube was charged with the chiral secondary amine catalyst (S)-(-)-
a,a-diphenyl-2-pyrrolidinemethanol tert-butyldimethylsilyl ether 4b (15 mg, 0.04 mmol, 0.2
equiv.), diphenyl phosphoric acid (DPP, 10 mg, 0.04 mmol, 0.2 equiv.) and 5 mL of 1,2-
dichlorobenzene (0-Cl,C¢H4). The tube was placed under an argon atmosphere, and then
benzophenone 1 (1 equiv.) and a freshly distilled enal 3 (5.5 equiv.) were sequentially added. The
mixture was diluted with additional 1 mL of 0-Cl,C¢H,4. The reaction mixture was degassed via
freeze pump thaw: the mixture was cooled to —78 °C and degassed via vacuum evacuation (5 min),
backfilled with argon, and then warmed up to ambient temperature (this process was repeated four
times). The tube was sealed and positioned approximately 3 cm away from three light sources. A set
of household 15 W Black Light Bulbs (BLB) were used for irradiating the reaction mixture (see
Figure S1 for the emission spectrum and the reaction set-up). After stirring for 20 hours, the crude
mixture was directly charged on a column and subjected to flash chromatography (FC) on silica gel
to afford the title compound 5 in the stated yield and optical purity.

404 435

365

Power Spectral Density

300 350 400 450 500 550 600
Wavelength [nm]

Figure S1. Emission spectrum of the 15 W BLB lamp used in this study (left) and the set-up of the reaction (right). The
high intensity of emission at 365 nm secured an efficient excitation of the benzophenone substrate 1 and the generation of
the reactive photoenol. The use of different light sources, including a compact fluorescence light (CFL) bulb or a white
LED strip, resulted in greatly reduced reactivity.
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General Procedure B (for aromatic enals)

0
o catalyst 4a (20 mol%)
15 W BLB Ar Ph
o) 0
Ar DPP (20 mol%) R’ N Ph
v oA Q H  OTMms
Ar H  toluene, 25 °C, 20 h 4
2 equiv. 1 1 equi 3]p=0.1M Ar' H a
‘R quiv. [3lo .
1 3 5

An oven-dried, 10 mL Schlenk tube was charged with the chiral secondary amine catalyst (S)-(—)-
a,a-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether 4a (13 mg, 0.04 mmol, 0.2 equiv.),
diphenyl phosphoric acid (DPP, 10 mg, 0.04 mmol, 0.2 equiv.) and 1 mL of toluene. The tube was
placed under an argon atmosphere, and then benzophenone 1 (2 equiv.) and a freshly distilled enal 3
(1 equiv.) were sequentially added. The mixture was diluted with additional 1 mL of toluene. The
reaction mixture was degassed via freeze pump thaw: the mixture was cooled to —78 °C and
degassed via vacuum evacuation (5 min), backfilled with argon, and then warmed up to ambient
temperature (this process was repeated four times). The tube was sealed and positioned
approximately 3 cm away from three light sources. A set of household 15 W Black Light Bulbs
(BLB) were used for irradiating the reaction mixture (see Figure S1 in the previous page for the
emission spectrum and the reaction set-up). After stirring for 20 hours, the crude mixture was
directly subjected to flash chromatography (FC) to afford the title compound 5 in the stated yield
and optical purity.

Characterization Data

(S)-3-(2-benzoylbenzyl)pentanal (5a). Compound 5a was prepared according
to the general procedure A, using 2-methylbenzophenone 1a (36 pL, 0.2 mmol,
L) 1 equiv.), trans-2-pentenal (108 uL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric
acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2
equiv.). The crude mixture was purified by flash column chromatography
(hexane/EtOAc: 90:10 v/v) to afford the title compound as a colorless oil (34
mg, 61% yield, 90% ee). TLC: (hexane/EtOAc: 90:10 v/v), R; = 0.32. The ee (90%) was determined
by HPLC analysis on a Daicel Chiralpak IC column: 85:15 hexane/iPrOH, flow rate 1.00 mL/min;
A = 254 NM; Tygior = 14.3 MiN, Tyinor = 15.6 min. [o]*’s = +75.6 (¢ = 0.5 in CHCI3). HRMS
calculated for [C1oH200,+Na]": 303,1361; found: 303,1363.

'"H NMR (500 MHz, CDCl3) § 9.58 (t, J = 2.2 Hz, 1H,CHO), 7.86 — 7.76 (m, 2H, Ar), 7.67 — 7.55
(m, 1H, Ar), 7.54 — 7.39 (m, 3H, Ar), 7.38 — 7.25 (m, 3H, Ar), 2.86 (dd, J = 13.7, 6.5 Hz, 1H,
Hl'a), 2.57 (dd, J = 13.7, 8.1 Hz, 1H, HI' B), § 2.31 (d, J = 2.2 Hz, 1H, H2a), 2.30 (d, J = 2.3 Hz,
1H, H2B) 2.19 (m, 1H, H3), 1.38 — 1.29 (m, 2H, CH,, H4), 0.83 (t, J = 7.4 Hz, 3H, CH5). °C NMR
(125 MHz, CDCls) 6 202.8 (C=0), 198.4 (CHO), 139.3 (Cq Ar), 138.9 (Cq Ar), 137.8 (Cq Ar),
133.3 (CH Ar) 131.1 (CH Ar), 130.2 (CH Ar x2), 130.2 (CH Ar), 128.9 (CH Ar x2), 128.5 (CH Ar
x2), 125.7 (CH Ar), 47.5 (CH,), 37.5 (CH,), 36.7 (CH), 26.8 (CH>), 10.9 (CHs).

Compound 5a was also obtained through a 1 mmol scale procedure using 2-methylbenzophenone
la (181 pL, 1 mmol, 1 equiv.), trans-2-pentenal (540 pL, 5.5 mmol, 5.5 equiv.), diphenyl
phorphoric acid (25 mg, 0.1 mmol, 0.1 equiv.) and catalyst 4b (75 mg, 0.2 mmol, 0.2 equiv). The
crude mixture was purified by flash column chromatography (hexane/EtOAc: 92:8 v/v) to afford the
title compound as a colorless oil (157 mg, 56% vyield, 93% ee). The ee (93%) was determined by
HPLC analysis on a Daicel Chiralpak IC column: 85:15 hexane/iPrOH, flow rate 1.00 mL/min; A =
254 NM; Trgjor = 14.3 MIN, Trinor = 15.6 min.

COPh

Et” 3 H
5a
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CoPh (S)-4-(2-benzoylphenyl)-3-methylbutanal (5b). Compound 5b was prepared
according to the general procedure A using 2-methylbenzophenone 1a (36 pL,
" o 0.2 mmol, 1 equiv), trans-crotonaldehyde (91 pL, 1.1 mmol, 5.5 equiv.),
diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv) and catalyst 4b (15 mg,
0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash column
chromatography (hexane/EtOAc: 90:10 v/v) to afford the title compound as a
colorless oil (34 mg, 64% yield, 79% ee). TLC (hexane/EtOAc: 90/10 v/v): R¢ = 0.32. The ee value
(79%) was determined by HPLC analysis on a Daicel Chiralpak IC column 85:15 hexane:iPrOH
flow rate 1.00 mL/min; A = 254 NM; Tyjor = 11.9 MiN, Toingr = 12.8 min. [a]’p =+ 175 (c = 1.0in
CHCI3). HRMS calculated for [CygH150,+Na]™: 289,1204; found 289,1205.

'"H NMR (400 MHz, CDCl3) § 9.63 (dd, J = 2.6, 1.6 Hz, 1H, CHO), 7.86 — 7.78 (m, 2H, Ar), 7.61
(m, 1H, Ar), 7.52 — 7.42 (m, 3H, Ar), 7.36 — 7.27 (m, 3H, Ar), 2.72 (dd, J = 13.6, 7.1 Hz, 1H,
Hl'a), 2.66 (dd, J = 13.7, 7.2 Hz, 1H, H1' B ), 2.44 — 2.33 (m, 2H, H2), 2.23 (td, J = 8.7, 8.1, 2.6
Hz, 1H, H3), 0.93 (d, J = 6.5 Hz, 3H, CH;)."*C NMR (100 MHz, CDCI;) & 202.5 (C=0), 198.5
(CHO), 139.3 (Cq Ar), 138.8 (Cq Ar), 137.8 (Cq, Ar), 133.3 (CH Ar), 131.0 (CH Ar), 130.3 (CH
Ar), 130.2 (CH Ar x2), 129.0 (CH Ar), 128.5 (CH Ar x2), 125.7 (CH Ar), 50.3 (CH,), 40.2 (CH,),
30.3 (CH), 20.0 (CHsy).

Me” 3 H
5b

(S)-3-(2-benzoylbenzyl)-4-methylpentanal (5¢). Compound 5c¢ was prepared
according to the general procedure A using 2-methylbenzophenone 1a (36 pL,
0.2 mmol, 1 equiv.), trans-4-methyl-2-pentenal (128 pL, 1.1 mmol, 5.5 equiv.),
diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15
mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash column
chromatography (hexane/EtOAc: 90:10 v/v) to afford the title compound as a
colorless oil (31 mg, 53% yield, 96% ee). TLC (hexane/EtOAc: 90/10 v/v): R¢ = 0.35. The ee value
(96%) was determined by HPLC analysis on a Daicel Chiralpak IC column 90:10 hexane:iPrOH
flow rate 1.00 mL/min; A = 215 NM; Tygjor = 5.4 MIN, Tyinor = 4.8 Min. [a]*’s =+ 29.8 (¢ = 1.0 in
CHCI;). HRMS calculated for [C,oH20,+Na]*: 317,1517; found: 317,1515.

'"H NMR (400 MHz, CDCls) § 9.51 (t, J = 2.1 Hz, 1H, CHO), 7.85 — 7.80 (m, 2H, Ar), 7.65 — 7.58
(m, 1H, Ar), 7.52 — 7.41 (m, 3H, Ar), 7.36 — 7.27 (m, 3H, Ar), 2.89 (dd, J = 13.8, 5.8 Hz, 1H,
Hl'a), 2.52 (dd, J =13.8, 8.6 Hz, 1H, HI' B), 2.29 (dd, J = 6.0, 2.2 Hz, 1H, H2a ), 2.26 (dd, J = 6.4,
2.2 Hz, 1H, H2p), 2.23 — 2.20 (m, 1H, H3), 1.68 (m, 1H, H4), 0.83 (d, J = 2.2 Hz, 3H, CHj3), 0.81
(d, J = 2.2 Hz, 3H, CH3). ®*C NMR (100 MHz, CDCl;) § 202.9 (C=0), 198.4 (CHO), 139.5 (Cq
Ar), 1389.0 (Cq Ar), 137.7 (Cq Ar), 133.3 (CH Ar) 131.1 (CH Ar), 130.2 (CH Ar), 130.2 (CH Ar
x2), 128.9 (CH Ar x2), 128.5 (CH Ar x2), 125.7 (CH Ar), 44.8 (CH,), 40.86 (CH,), 34.7 (CH), 30.0
(CH), 19.3 (CHz), 18.5 (CHsy).

(S)-3-(2-benzoylbenzyl)decanal (5d). Compound 5d was prepared according
to the general procedure A, using 2-methylbenzophenone 1a (36 uL, 0.2 mmol,
T 9 1 equiv.), trans-2-decenal (202 pL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric
acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2
equiv.). The crude mixture was purified by flash column chromatography
(hexane/EtOAcC: 95:5 v/v) to afford the title compound as a colorless oil (37 mg,
53% vyield, 82% ee). TLC (hexane/EtOAc: 90/10 v/v): Ry = 0.36. The ee value (82%) was
determined by HPLC analysis on a Daicel Chiralpak IC column 90:10 hexane:iPrOH flow rate 1.00
mL/min; & = 254 NM; Trgjor = 7.9 MIN, Tyinor = 8.5 min. [o]*°5 = + 24.8 (¢ = 0.4 in CHCI3). HRMS
calculated for [Cy4H3,0,+Na]": 345,1830; found: 345,1833.

COPh

5d
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'H NMR (400 MHz, CDCl;) § 9.57 (t, J = 2.1 Hz, 1H, CHO), 7.81 (m, 2H, CH Ar), 7.66 — 7.56
(m, 1H, Ar), 7.52 — 7.40 (m, 3H, Ar), 7.35 — 7.26 (m, 3H, Ar), 2.87 (dd, J = 13.8, 6.1 Hz, 1H,
Hl'a), 2.56 (dd, J = 13.7, 7.9 Hz, 1H, H1'B), 2.35 — 2.16 (m, 3H, H2+H3), 1.31 — 1.07 (m, 8H),
0.84 (t, J = 6.9 Hz, 3H, CH5).*C NMR (100 MHz, CDCl5)§ 202.8 (C=0), 198.4 (CHO), 139.4 (Cq
Ar), 138.9 (Cq Ar), 137.7 (Cq Ar), 133.3 (CH Ar), 131.1 (CH Ar), 130.2 (CH Ar x2), 128.9 (CH
Ar), 128.5 (CH Ar x2), 125.7 (CH Ar), 47.9 (CH,), 37.9 (CH,), 35.3 (CH,), 34.3 (CH,), 31.8 (CH),
26.2 (CH,), 22.5 (CH,), 14.0 (CHy).

(S)-3-(2-benzoylbenzyl)-5-phenylpentanal (5e). Compound 5e was prepared
according to the general procedure A, using 2-methylbenzophenone 1a (36 uL,
0.2 mmol, 1 equiv.), trans-5-phenylpentenal (176 mg, 1.1 mmol, 5.5 equiv.),
diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15
mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash column
chromatography (hexane/EtOAc: 90:10 v/v) to afford the title compound as a
colorless oil (41 mg, 57% yield, 80% ee). TLC (hexane/EtOAc: 90/10 v/v): R =
0.33. The ee value (80%) was determined by HPLC analysis on a Daicel Chiralpak IC column
85:15 hexane:iPrOH flow rate 0.90 mL/min; & = 254 NM; Tyajor = 12.6 MIN, Trinor = 13.9 min. [a]*
= +98.6 (c = 1.0 in CHCIl3). HRMS calculated for [CysH,,0,+Na]": 379,1674; found: 379,1677.

'H NMR (400 MHz, CDCl;) § 9.58 (t, J = 2.0 Hz, 1H, CHO), 7.81 (m, 2H, Ar), 7.66 — 7.57 (m,
1H, Ar), 7.51 — 7.43 (m, 3H, Ar), 7.38 — 7.29 (m, 3H, Ar), 7.27 — 7.20 (m, 2H, Ar), 7.19 — 7.12 (m,
1H, Ar), 7.09 (m, 2H, Ar), 2.97 (dd, J = 13.8, 6.0 Hz, 1H, H1'), 2.66 (dd, J = 13.8, 8.0 Hz, 1H,
HI'B ), 2.60 — 2.49 (m, 2H, H2), 2.39 — 2.35 (m, 1H, H3), 2.31 (M, 2H, H5), 1.64 (M, 2H, H4).°C
NMR (100 MHz, CDCl5) ! § 202.4(C=0), 198.4(CHO), 141.8 (Cq Ar), 139.2 (Cq Ar), 138.9 (Cq
Ar), 137.7 (Cq Ar), 133.3 (CH Ar), 131.1 (CH Ar), 130.3 (CH Ar), 130.2 (CH Ar x2), 130.1 (CH
Ar), 129.0 (CH Ar), 1285 (CH Ar x2), 128.3 (CH Ar x2), 128.2 (CH Ar x2), 125.8 (CH Ar), 47.8
(CHy), 37.7(CH.,), 36.1 (CH,), 35.1 (CH,), 33.0 (CH).

(S,2)-3-(2-benzoylbenzyl)non-6-enal (5f). Compound 5f was prepared
according to the general procedure A, using 2-methylbenzophenone 1a (36 uL,
T 0.2 mmol, 1 equiv.), trans-2,cis-6-nonadienal (177 pL, 1.1 mmol, 5.5 equiv.),
diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15
mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash column
Sf chromatography (hexane/EtOAc: 95:5 v/v) to afford the title compound as a
colorless oil (37 mg, 55% vyield, 89% ee). TLC (hexane/EtOAc: 90/10 v/v): Rs
= 0.33. The ee value (89%) was determined by HPLC analysis on a Daicel Chiralpak IC column
91:9 hexane:iPrOH flow rate 0.50 mL/min; A = 254 NM; Trgjor = 20.1 MIN, Tyinor = 22.3 Min. [a]*’p =
+100.2 (c = 1.0 in CHCI3). HRMS calculated for [Cy3H,60,+Na]™: 357,1830; found: 357,1832.

'"H NMR (400 MHz, CDCl;) § 9.58 (t, J = 2.1 Hz, 1H, CHO), 7.86 — 7.77 (m, 2H, Ar), 7.65 — 7.56
(m, 1H, Ar), 7.53 — 7.39 (m, 3H, Ar), 7.36 — 7.26 (m, 3H, Ar), 5.38 — 5.26 (m, 1H, H6), 5.24 — 5.11
(m, 1H, H7), 2.86 (dd, J = 13.8, 6.0 Hz, 1H, H1'), 2.62 (dd, J = 13.7, 7.7 Hz, 1H H1'B), 2.37 —
2.20 (m, 3H, H2+H3), 2.05 — 1.88 (m, 4H, H5+H8), 1.40 — 1.29 (m, 2H, H4), 0.92 (t, J = 7.5 Hz,
3H, CH5)."*C NMR (100 MHz, CDCI;) C NMR (100 MHz, CDCls) & 202.6 (C=0), 198.4
(CHO), 139.2 (Cq Ar), 138.9 Cq Ar), 137.7 (Cq Ar), 133.3 (CH Ar), 132.1 (CH C=C), 131.0 (CH
Ar), 130.3 (CH Ar), 130.2 (CH Ar x2), 128.9 (CH Ar), 128.5 (CH Ar x2), 128.2 (CH C=C), 125.8
(CH Ar), 47.8 (CH,), 37.8 (CH,), 35.0 (CH,), 34.3 (CH), 24.3 (CH,), 20.5 (CH,), 14.3 (CH5).

COPh
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Benzyl (R)-4-(2-benzoylbenzyl)-dihydropyridine-1(2H)-carboxylate (50).
Compound 5g was prepared according to the general procedure A, using 2-
methylbenzophenone l1a (36 pL, 0.2 mmol, 1 equiv.), trans-benzyl-(5-
oxopentenlyl)carbamate (257 mg, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric
acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2
\ equiv.). The crude mixture was purified by flash column chromatography
5gCbz (hexane/EtOAc: 80:20 v/v) to afford the title compound as a colorless oil (41
mg, 50% vyield, 89% ee). TLC (hexane/EtOAc: 85/15 v/v): Ry = 0.35. The ee
(89%) was determine by HPLC analysis on a Daicel Chiralpak ID-3 column 87:13 hexane:iPrOH
flow rate 0.90 mL/min; A = 254 NM; Tmajor = 15.1 MiN, Tminor = 13.7 min. HRMS calculated for
[C27H2sNOs+Na]": 434,1732; found: 434,1733.

'"H NMR (400 MHz, CDCl;) § 7.83 — 7.76 (m, 2H, Ar), 7.65 — 7.57 (m, 1H, Ar), 7.50 — 7.43 (m,
3H, Ar), 7.41 - 7.29 (m, 8H, Ar), 6.79 (dd, J = 36.4, 8.4 Hz, 1H, H1)., 5.18 (s, 2H, CH, Cbz), 4.74
(m, H2), 3.79 — 3.66 (m, 1H, H2'a), 3.39 (ddd, J =12.9, 9.1, 3.6 Hz, 1H, H2'B), 2.82 — 2.63 (m, 2H,
H4), 2.46 (m, 1H, H3), 1.78 (m, 1H, Hl'a), 1.57 — 1.43 (m, 1H, Hl'a).*C NMR (100 MHz,
CDCl;) 6 198.5 (CHO), 153.4 (Cq Ar), 139.0 (Cq Ar), 138.8 (Cq Ar), 137.8 (Cq Ar), 136.3 (CH
Ar), 133.3 (CH Ar), 131.1 (CH Ar), 130.1 (CH Ar x2), 129.0 (CH Ar), 128.5 (CH Ar x2), 128.5
(CH Ar x2), 128.1 (CH Ar), 128.0 (CH Ar), 125.6 (CH Ar), 124.4 (CH), 110.1 (CH), 67.5 (CH,
Cbz), 40.6 (CH,), 39.2 (CH,), 33.7 (CH), 27.4 (CH,).

The title compound 5g is directly obtained from the corresponding B-benzylated aldehyde (not
isolated) spontaneously undergoing a cyclization/condensation sequence involving the amine and
the aldehyde moieties (Scheme S2).

Ph COPh
COPh
O N Ph spontaneous
o H 4p OTBS o cyclization
©\)‘\ph NH (20 mol%) condensation
+ >
Me N-CPZ 0-CloCyH, 25°C, 200 o H < . |
H DPP (10 mol%) NP2 H,0 \
12 39 15 W BLB H 59 Cbz

not detected
Scheme S2. Reaction mechanism for the formation of the cyclic compound 5g.

(S)-4-(2-benzoylphenyl)-3-phenylbutanal (5h). Compound 5h was prepared
according to the general procedure B, using 2-methylbenzophenone 1a (72 pL,
0.4 mmol, 2 equiv.), trans-cinnamaldehyde (25 pL, 0.2 mmol, 1 equiv.),
diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4a (13
mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash column
chromatography (hexane/EtOAc: 95:5 v/v) to afford the title compound as a
colourless oil (37 mg, 57% yield, 94% ee). TLC: (hexane/EtOAc: 90:10 v/v), R¢ = 0.31. The ee
(94%) was determined by UPC? analysis on a Daicel Chiralpak IC column using a gradient method
(from 100% CO? t0 60:40 COZ:ACN), flow rate 2.00 mL/min; A = 247 nNM; Trmajor = 3.17 MIN, Trinor =
3.53 min. [oc]z% = +12.6 (c = 0.5 in CHCI;). HRMS calculated for [CysH,0,+Na]™: 351,1361;
found: 351,1365.

'H NMR (500 MHz, CDCls) § 9.56 (t, J = 2.1 Hz, 1H, CHO), 7.75 — 7.68 (m, 2H, Ar), 7.64 — 7.57
(m, 1H, Ar), 7.50 — 7.42 (m, 2H, Ar), 7.37 (m, 2H, Ar), 7.31 - 7.23 (m, 2H, Ar), 7.18 (m, 3H, Ar),
7.15-7.10 (m, 1H, Ar), 7.10 — 7.05 (m, 2H, Ar), 3.56 (p, J = 7.6 Hz, 1H, CH H3), 3.15 - 2.99 (m,
2H, CH, H1"), 2.85 — 2.67 (m, 2H, CH, H2). ®C NMR (125 MHz, CDCl;) § 201.6 (C=0), 198.3
(CHO), 142.8 (Cq Ar), 138.8 (Cq Ar), 138.6 (Cq Ar), 137.8 (Cq Ar), 133.2 (CH Ar), 131.2 (CH

S10




Ar), 130.3 (CH Ar x2), 130.2 (CH Ar), 129.2 (CH Ar), 128.6 (CH Ar x2), 128.4 (CH Ar x2), 127.5
(CH Ar x2), 126.7 (CH Ar), 125.6 (CH Ar), 49.2 (CH), 42.0 (CHy), 40.2 (CH.).

(S)-4-(2-benzoylphenyl)-3-(4-fluorophenyl)butanal (5i). Compound 5i was
prepared according to the general procedure B, using 2-methylbenzophenone
la (72 pL, 0.4 mmol, 2 equiv.), trans-4-fluorocinnamaldehyde (23 pL, 0.2
mmol, 1 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and
catalyst 4a (13 mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by
flash column chromatography (hexane/EtOAc: 95:5 v/v) to afford the title
compound as a colourless oil (36 mg, 52% vyield, 89% ee). TLC:
(hexane/EtOAc: 90:10 v/v), R¢ = 0.31. The ee (89%) was determined by UPC? analysis on a Daicel
Chiralpak IC column using a gradient method (from 100% CO? to 60:40 CO*ACN), flow rate 2.00
mL/min; A = 247 nM NM; Tygjor = 3.96 MIN, Toinor = 3.50 min. [o]*°5 = +8.8 (¢ = 0.5 in CHCly).
HRMS calculated for [C,3H10FO,+Na]": 369,1267; found: 369,1269.

'H NMR (400 MHz, Chloroform-d) § 9.57 (t, J = 1.9 Hz, 1H, CHO), 7.71 — 7.65 (m, 2H, Ar), 7.64
— 757 (m, 1H,Ar), 7.45 (m, 2H, Ar), 7.38 (m, 1H, Ar), 7.31 — 7.23 (m, 3H, Ar), 7.17 (m, 1H, Ar),
7.05 - 6.96 (M, 2H, Ar), 6.88 — 6.78 (m, 2H, Ar), 3.56 (p, J = 7.5 Hz, 1H, H3), 3.13 — 2.98 (m, 2H,
H1', 2.75 (m, 2H, H2). *C NMR (125 MHz, CDCl5) 5 201.2 (C=0), 198.2 8CHO), 138.7, 138.5,
138.5, 137.6, 133.2 (CH Ar), 131.2 (CH Ar), 130.3 (CH Ar), 130.2 (CH Ar x2), 129.2 (CH Ar),
129.0 (CH Ar), 129.0 (CH Ar), 128.4 (CH Ar x2), 125.7, 115.4, 115.3, 49.5 (CH), 41.4 (CH,), 40.2
(CHy).

(S)-4-(2-benzoylphenyl)-3-(p-tolyl)butanal (5j). Compound 5j was prepared
according to the general procedure B, using 2-methylbenzophenone la (72
uL, 0.4 mmol, 2 equiv.), trans-4-methylcinnamaldehyde (29mg, 0.2 mmol, 1
equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst
4a (13 mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash
column chromatography (hexane/EtOAc: 95:5 v/v) to afford the title
compound as a colourless oil (45 mg, 66% yield, 88% ee). TLC:
(hexane/EtOAC: 90:10 v/v), R = 0.31. The ee (88%) was determined by UPC? analysis on a Daicel
Chiralpak IC column using a gradient method (from 100% CO? to 60:40 CO%ACN), flow rate 2.00
mL/min; & = 247 nM; Togjor = 3.23 MIN, Tyiner = 3.71 min. HRMS calculated for [C24H,,0,+Na]™:
365,1517; found: 365,1520.

'"H NMR (500 MHz, CDCls) § 9.55 (t, J = 2.1 Hz, 1H, CHO), 7.73 — 7.65 (m, 2H, Ar), 7.62 — 7.57
(m, 1H, Ar), 7.48 — 7.41 (m, 2H), 7.38 (m, 1H, Ar), 7.29 — 7.18 (m, 3H), 7.03 — 6.89 (m, 4H), 3.50
(ddd, J =15.1, 8.1, 6.9 Hz, 1H, H3), 3.12 (dd, J = 13.7, 8.2 Hz, 1H, H1'a), 3.03 (dd, J = 13.6, 7.0
Hz, 1H, H1'B), 2.78 — 2.67 (m, 2H, H2), 2.24 (s, 3H, CH3). *C NMR (125 MHz, CDCls) § 201.8
(C=0), 198.3 (CHO), 139.7 (Cq Ar), 139.0 (Cq Ar), 138.6 (Cq Ar), 137.7 (Cq Ar), 136.2 (Cq Ar),
133.1 (CH Ar), 131.2 (CH Ar), 130.3 (CH Ar x2), 130.2 (CH Ar), 129.3 (CH Ar x2), 129.1 (CH
Ar), 128.3 (CH Ar x2), 127.4 (CH Ar x2), 125.5 (CH Ar), 49.4 (CH), 41.8 (CH,), 40.1 (CH,), 21.0
(CH).

(S)-4-(2-benzoylphenyl)-3-(furan-2-yl)butanal (5k). Compound 5k was
prepared according to the general procedure B, using 2-methylbenzophenone
la (72 pL, 0.4 mmol, 2 equiv.), trans-3-(furanyl)acrolein (24,5 mg, 0.2 mmol,
1 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.) and
catalyst 4a (13 mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by
flash column chromatography (hexane/EtOAc: 95:5 v/v) to afford the title
compound as a colourless oil (33 mg, 56% vyield, 90% ee). TLC:
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(hexane/EtOAc: 90:10 v/v), R = 0.3. The ee (90%) was determined by UPC? analysis on a Daicel
Chiralpak IC column using a gradient method (from 100% CO? to 60:40 CO%ACN), flow rate 2.00
mL/min; & = 247 NM; Tgjor = 2.86 MIN, Tyinor = 2.99 Min. [a]*s = 17.6 (¢ = 0.35 in CHCl3). HRMS
calculated for [CyH1503+Na]": 341,1154; found: 341,1155.

'"H NMR (400 MHz, Chloroform-d) § 9.63 (t, J = 2.0 Hz, 1H, CHO), 7.84 — 7.74 (m, 2H, Ar), 7.66
—7.58 (m, 1H, Ar), 7.53 — 7.45 (m, 2H, Ar), 7.43 — 7.24 (m, 5H, Ar), 7.13 (m, 1H, Ar), 6.19 (dd, J
= 3.2, 1.8 Hz, 1H, HetAr), 5.90 (dt, J = 3.3, 0.7 Hz, 1H, HetAr), 3.68 (p, J = 7.9 Hz, 1H, H3), 3.16
(dd, J=13.6, 8.1 Hz, 1H, H1'a), 3.01 (dd, J = 13.6, 6.9 Hz, 1H, H1'B), 2.75 (ddd, J = 16.8, 8.3, 2.2
Hz, 1H, H2a), 2.67 (ddd, J = 16.8, 6.0, 1.8 Hz, 1H, H2B). *C NMR (125 MHz, CDCI5) & 204.1
(C=0), 201.2 (CHO), 141.4 (CH Ar), 138.6 (Cq Ar), 138.3 (Cq Ar), 137.7 (Cq Ar), 133.2 (CH Ar),
131.1 (CH Ar), 130.3 (CH Ar x2), 130.3 (CH Ar), 129.2 (CH Ar), 128.4 (CH Ar x2), 125.8 (Cq
HetAr), 110.0 (CH HetAr), 106.2 (CH HetAr), 100.0 (CH HetAr), 46.9 (CH), 37.5 (CH,), 35.4
(CH,).

(S)-3-(2-benzoyl-5-methoxybenzyl)pentanal (51). Compound 51 was
prepared according to the general procedure A, using 2-methyl-4-
methoxybenzophenone (45.3 mg, 0.2 mmol, 1 equiv.), trans-2-pentenal
(108 pL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid (10 mg, 0.04
s H1 mmol, 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2 equiv.). The
crude mixture was purified by flash column chromatography
(hexane/EtOAC: 85:15 v/v) to afford the title compound as a colorless oil (32 mg, 52% yield, 90%
ee). TLC (hexane/EtOAc: 85/15 v/v): R¢ = 0.34. The ee value (90%) was determined by HPLC
analysis on a Daicel Chiralpak IC column 55:42:3 hexane:iPrOH:DCM flow rate 0.90 mL/min; A =
254 NM; Trgjor = 10.8 MiN, Trinor = 11.8 min. [o]*° = + 135.7 (¢ = 1.0 in CHCI3). HRMS calculated
for [CxH,,05+Na]": 333,1467; found: 333,1466.
'"H NMR (500 MHz, CDCls) § 9.63 (t, J = 2.3 Hz, 1H, CHO), 7.81 — 7.75 (m, 2H, Ar), 7.62 — 7.57
(m, 1H), 7.52 — 7.43 (m, 2H, Ar), 7.34 (d, J = 8.5 Hz, 1H, Ar), 6.86 (d, J = 2.6 Hz, 1H, Ar), 6.79
(dd, J=8.5, 2.6 Hz, 1H, Ar), 3.89 (s, 3H, OMe), 2.97 (dd, J = 13.5, 6.6 Hz, 1H, H1'a), 2.68 (dd, J =
13.6, 8.2 Hz, 1H, H1'B), 2.35-2.32 (m,2H, H2), 2.24 (dq, J = 8.2, 6.4 Hz, 1H, H3), 1.46 — 1.30 (m,
2H, H4), 0.87 (t, J = 7.4 Hz, 3H, CH3). ®*C NMR (125 MHz, CDCls) § 202.9 (C=0), 197.7 (CHO),
161.2 (Cq Ar), 143.0 (Cq Ar), 138.8 (Cq Ar), 132.7 (CH Ar), 132.4 (CH Ar), 131.0 (Cq Ar), 130.1
(CH Ar), 128.3 (CH Ar), 117.1 (CH Ar), 110.4 (CH Ar), 55.4 (CH; OMe), 47.5 (CHy), 37.8 (CH,),
36.8 (CHy), 26.9 (CH), 11.0 (CHy).

COPh
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(S)-3-(2-benzoylbenzyl)pentanal (5m). Compound 5m was prepared
according to the general procedure A, using 2-methyl-5-
"5 bromobenzophenone (55 mg, 0.2 mmol, 1 equiv.), trans-2-pentenal (108
uL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2
equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2 equiv.). The crude mixture
was purified by flash column chromatography (hexane/EtOAc: 85:15 v/v) to
afford the title compound as a colorless oil (48 mg, 66% vyield, 94% ee). TLC (hexane/EtOAcC:
85/15 v/v): Rs = 0.34. The ee value (94%) was determined by HPLC analysis on a Daicel Chiralpak
IA column 96:2:2 hexane:iPrOH:DCM flow rate 0.70 mL/min; A = 254 nM; Trajor = 12.0 MIN, Trinor
= 12.5 min. [a]®, = +168.6 (¢ = 0.6 in CHCI5). HRMS calculated for [C1sH20BrO,+Na]*: 381,0466;
found: 381,0461.

'H NMR (400 MHz, CDCls) & 9.60 (t, J = 2.1 Hz, 1H, CHO), 7.80 (m, 2H, Ar), 7.69 — 7.39 (m,
5H, Ar), 7.30 — 7.18 (m, 1H, Ar), 2.74 (dd, J = 13.8, 6.8 Hz, 1H, H1'a), 2.51 (dd, J = 13.8, 6.9 Hz,
1H, H1'B), 2.35 — 2.25 (m, 2H, H20+H2p), 2.14 (dt, J = 13.5, 6.7 Hz, 1H, H3), 1.41 — 1.18 (m, 2H,
H4o+H4p), 0.81 (t, J = 7.4 Hz, 3H, CH;). ®*C NMR (100 MHz, CDCls) § 202.4 (C=0), 196.7
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(CHO), 140.82 (Cq Ar), 138.2 (Cq Ar), 137.0 (Cq Ar), 133.8 (CH Ar) 133.1 (CH Ar), 132.7 (CH
Ar x2), 131.3 (CH Ar), 130.1 (CH Ar x2), 128.7 (CH Ar x2), 119.6 (CH Ar), 47.3 (CH,), 36.9
(CHy), 36.5 (CH), 26.6 (CH,), 10.9 (CHj,).

coPh (S)-3-(2-benzoyl-5-methylbenzyl)pentanal (5n). Compound 5n was

prepared according to the general procedure A, using 24-

Me LS dimethylbenzophenone (44 mg, 0.2 mmol, 1 equiv.), trans-2-pentenal (108
s H pL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol,

5n 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2 equiv.). The crude

mixture was purified by flash column chromatography (hexane/EtOAcC:
90:10 v/v) to afford the title compound as a colorless oil (37 mg, 63% vyield, 90% ee). TLC:
(hexane/EtOAC: 90:10 v/v), R = 0.30. The ee (90%) was determined by HPLC analysis on a Daicel
Chiralpak IC column 85:15 hexane:iPrOH flow rate 1.00 mL/min; A = 254 nM; Tajor = 11.6 min,
Tminor = 16.7 min. [0]®> = +75.6 (¢ = 0.7 in CHCl). HRMS calculated for [ChH0,+Na]":
317,1517; found: 317,1519.

'H NMR (400 MHz, CDCl5) 8 9.60 (t, J = 2.2 Hz, 1H, CHO), 7.83 — 7.76 (m, 2H, Ar), 7.63 — 7.56
(m, 1H, Ar), 7.47 (dd, J = 8.3, 7.1 Hz, 2H, Ar), 7.30 — 7.22 (m, 1H, Ar), 7.16 — 7.05 (m, 2H, AR),
2.87 (dd, J = 13.6, 6.5 Hz, 1H, H1'a), 2.58 (dd, J = 13.6, 8.2 Hz, 1H, H1'B), 2.42 (s, 3H, Me), 2.31
(m, 2H, H2), 2.20 (dp, J = 8.3, 6.3 Hz, 1H, H3), 1.44 — 1.25 (m, 2H, H4), 0.84 (t, J = 7.4 Hz, 3H,
CH3).*C NMR (100 MHz, CDCl5) § 203.0 (C=0), 198.4 (CHO), 140.6 (Cq Ar), 139.8 (Cq Ar),
138.2 (Cq Ar), 135.9 (Cq Ar), 133.0 (CH Ar), 131.9 (CH Ar), 130.1 (CH Ar x2), 129.6 (CH Ar),
128.4 (CH Ar x2), 126.3 (CH Ar), 47.5 (CH,), 37.5 (CH.,), 36.8 (CH), 26.9 (CH3), 21.5 (CH,), 11.0.
(CHy).

(S)-4-(2-benzoyl-5-(trifluoromethyl)phenyl)-3-phenylbutanal (50).
Compound 50 was prepared according to the general procedure B using 4-
(trifluoromethyl)-2-methylbenzophenone (106mg, 0.4 mmol, 2 equiv.),
trans-cinnamaldehyde (25 pL, 0.2 mmol, 1 equiv.), diphenyl phorphoric
acid (10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4a (13 mg, 0.04 mmol, 0.2
equiv.). The crude mixture was purified by flash column chromatography
(hexane/EtOAC: 95:5 v/v) to afford the title compound as a colourless oil (46 mg, 58% yield, 97%
ee). TLC: (hexane/EtOAc: 90:10 v/v), Ry = 0.33. The ee (97%) was determined by analysis on a
Daicel Chiralpak IC column using a gradient method (from 100% CO? to 60:40 CO*:ACN), flow
rate 2.00; A = 247 NM; Tyjor = 2.27 MIN, Trinor = 2.51 min. [o]*°5 = 40.3 (¢ = 0.28 in CHCl3). HRMS
calculated for [C,,H19F;0,+Na]": 419,1235; found: 419,1237.

'H NMR (500 MHz, CDCls) & 9.60 (t, J = 1.9 Hz, 1H, CHO), 7.71 — 7.66 (m, 2H, Ar), 7.66 — 7.61
(m, 1H, Ar), 7.53 — 7.45 (m, 3H, Ar), 7.42 — 7.34 (m, 1H, Ar), 7.32 - 7.30 (m, 1H, Ar), 7.23 - 7.11
(m, 3H, Ar), 7.05 - 7.01 (m, 2H, Ar), 3.53 (it, J = 8.5, 6.5 Hz, 1H, H3), 3.10 (dd, J = 13.8, 6.4 Hz,
1H, H1'a), 3.05 (dd, J = 13.7, 8.9 Hz, 1H, H1'B), 2.82 (ddd, J = 16.9, 8.1, 2.0 Hz, 1H, H2a), 2.75
(ddd, J = 16.9, 6.7, 1.8 Hz, 1H, H2B)."*C NMR (125 MHz, CDCl5) § 201.0 (C=0), 197.1 (CHO),
141.9 (Cq Ar), 139.4 (Cq Ar), 136.8 (Cq Ar), 133.8 (CH Ar), 130.2 (CH Ar x2), 129.1 (Cq Ar),
128.9 (Cq Ar), 128.7 (CH Ar x2), 128.6 (CH Ar x2), 127.9, 127.5 (CH Ar x2), 127.0 (CH Ar),
125.6, 122.6, 49.2 (CH), 41.7 (CHy), 40.0 (CH,).

(S)-3-(2-(4-bromobenzoyl)benzyl)pentanal (5p). Compound 5p was
prepared according to the general procedure A, using (4-bromophenyl)(o-
tolyl)methanone (55 mg , 0.2 mmol, 1 equiv.), trans-2-pentenal (108 pL,
1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2
equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2 equiv.). The crude mixture
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was purified by flash column chromatography (hexane/EtOAc: 90:10 v/v) to afford the title
compound as a colorless oil (44 mg, 61% yield, 91% ee). TLC: (hexane/EtOAc: 90:10 v/v), R =
0.32. The ee (91%) was determined by HPLC analysis on a Daicel Chiralpak IC column 97:03
hexane:iPrOH flow rate 0.80 mL/min; A = 254 NM; Tygjor = 14.0 MiN, Tringr = 15.8 min. [o]*’p =
+146.7 (c = 0.5 in CHCl3). HRMS calculated for [C19H;4BrO,+Na]": 381,0466; found: 381,0466.

'H NMR (400 MHz, CDCl5) § 9.60 (t, J = 2.1 Hz, 1H, CHO), 7.71 — 7.65 (m, 2H, Ar), 7.65 — 7.58
(m, 2H, Ar), 7.46 (m, 1H, Ar), 7.37 — 7.26 (m, 3H, Ar), 2.85 (dd, J = 13.7, 6.6 Hz, 1H, Hl'a), 2.57
(dd, J = 13.7, 8.2 Hz, 1H, H1'B), 2.34 — 2.27 (m, 2H, H2), 2.18 (m, 1H, H3), 1.40 — 1.24 (m, 2H,
H4), 0.84 (t, J = 7.4 Hz, 3H, CHy). ®C NMR (100 MHz, CDCly) § 202.6 (C=0), 197.3 (CHO),
139.5 (Cq Ar), 138.3 (Cq Ar), 136.5 (Cq Ar), 131.9 (CH Ar x2), 131.6 (CH Ar x2), 131.2 (CH Av),
130.5 (CH Ar), 128.8 (CH Ar), 128.6 (Cq Ar), 125.8 (CH Ar), 47.5 (CH,), 37.4 (CH,), 36.8 (CH,),
26.8 (CH), 11.0 (CHa).

Compound 5p was also obtained using a 1 mmol scale procedure using (4-bromophenyl)(o-
tolyl)methanone 5p (275 mg, 1 mmol, 1 equiv.), trans-2-pentenal (540 pL, 5.5 mmol, 5.5 equiv.),
diphenyl phorphoric acid (25 mg, 0.1 mmol, 0.1 equiv.) and catalyst 4b (75 mg, 0.2 mmol, 0.2
equiv.). The crude mixture was purified by flash column chromatography (hexane/EtOAc: 92:8 v/v)
to afford the title compound as a colorless oil (216 mg, 60% vyield, 90% ee). TLC: (hexane/EtOAcC:
90:10 v/v). The ee (90%) was determined by HPLC analysis on a Daicel Chiralpak IC column
97:03 hexane:iPrOH flow rate 0.80 mL/min; A = 254 NM; Tmajor = 14.00 MiN, Triner = 15.79 min.

(S)-3-[2-(4-methoxybenzoyl)benzyl]pentanal (5g). Compound 5q was
prepared according to the general procedure A, using (4-methoxyphenyl)(o-
tolyl)methanone (45 mg , 0.2 mmol, 1 equiv.), trans-2-pentenal (108 pL,
1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2
equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2 equiv.). The crude mixture
was purified by flash column chromatography (hexane/EtOAc: 90:10 v/v)
to afford the title compound as a colorless oil (42 mg, 67% yield, 84% ee).
TLC: (hexane/EtOAc: 90:10 v/v), R¢ = 0.33. The ee (84%) was determined by HPLC analysis on a
Daicel Chiralpak 1C-3 column 85:15 hexane:iPrOH flow rate 1.00 mL/min; A = 254 nM; Tmajor =
20.3 Min, Tpinr = 22.8 min. [a]®s = +150.5 (¢ = 0.7 in CHCIl;). HRMS calculated for
[C20H2,04+Na]": 333,1467; found: 333,1470.

'H NMR (400 MHz, CDCls) & 9.58 (t, J = 2.2 Hz, 1H, CHO), 7.88 — 7.75 (m, 2H, Ar), 7.43 (m,
1H, Ar), 7.34 — 7.25 (m, 3H, Ar), 6.98 — 6.89 (m, 2H, Ar), 3.90 (s, 3H, OMe), 2.83 (dd, J = 13.8,
6.5 Hz, 1H, H1'a), 2.54 (dd, J = 13.8, 8.2 Hz, 1H, H1'B), 2.29 (m, 2H, H2), 2.18 (dg, J = 8.2, 6.4
Hz, 1H, H3), 1.37 — 1.28 (m, 2H, H4), 0.83 (t, J = 7.4 Hz, 3H, CH5)."*C NMR (100 MHz, CDClI,)
3 202.9 (C=0), 197.1 (CHO), 163.8 (Cq Ar), 139.5 (Cq Ar), 138.8 (Cq Ar), 132.5 (CH Ar), 130.9
(CH Ar), 130.6 (Cq Ar), 129.8 (CH Ar), 128.4 (CH Ar), 125.7 (CH Ar), 113.7 (CH Ar), 55.5
(OMe), 47.5 (CH,), 37.4 (CH,), 36.7 (CH,), 26.8 (CH), 11.0 (CH,).

(S)-4-[2-(4-Methoxybenzoyl)phenyl]-3-phenylbutanal (5r). Compound
5r was prepared according to the general procedure B, using (4-
methoxyphenyl)(o-tolyl)methanone (90 mg, 0.4 mmol, 2 equiv.), trans-
cinnamaldehyde (25 pL, 0.2 mmol, 1 equiv.), diphenyl phorphoric acid (10
mg, 0.04 mmol, 0.2 equiv.) and catalyst 4a (13 mg, 0.04 mmol, 0.2 equiv.).
The crude mixture was purified by flash column chromatography
(hexane/EtOAc: 95:5 v/v) to afford the title compound as a colourless oil
(43 mg, 60% vyield, 90% ee). TLC: (hexane/EtOAc: 90:10 v/v), Ry = 0.28. The ee (90%) was
determined by UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from
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100% CO” to 60:40 CO*ACN), flow rate 2.00 mL/min; A = 283 NM; Togjor = 3.78 MIN, Tinor = 4.19
min. [a]®, = 63.5 (c = 0.3 in CHCI5). HRMS calculated for [Cp4H,,05+Na]": 381,1467; found:
381,1470.

'H NMR (500 MHz, CDCl3) 6 9.60 (t, J = 1.9 Hz, 1H, CHO), 7.71 — 7.66 (m, 2H, Ar), 7.66 — 7.61
(m, 1H, Ar), 7.53 — 7.45 (m, 4H, Ar), 7.42 — 7.34 (m, 2H, Ar), 7.32 — 7.30 (m, 1H, Ar), 7.23 - 7.11
(m, 3H, Ar), 7.05 — 7.01 (m, 2H, Ar), 3.53 (m, 1H, H3), 3.10 (dd, J = 13.8, 6.4 Hz, 1H, H1'a), 3.05
(dd, J =13.7, 8.9 Hz, 1H, H1'B), 2.82 (ddd, J = 16.9, 8.1, 2.0 Hz, 1H, H201), 2.75 (ddd, J = 16.9, 6.7,
1.8 Hz, 1H, H2pB). *C NMR (125 MHz, CDCI;) § 201.7 (C=0), 197.0 (CHO), 163.7 (Cq Ar),
142.9 (Cq Ar), 139.2 (Cq Ar), 138.2 (Cq Ar), 132.6 (CH Ar x2), 131.0, 130.6 (Cq Ar), 129.8 (CH
Ar), 128.6 (CH Ar), 128.5 (CH Ar x2), 127.5 (CH Ar x2), 126.7 (CH Ar), 125.6 (CH Ar), 113.7
(CH Ar x2), 55.5 (CH; OMe), 49.1 (CH), 41.9 (CH,), 40.3 (CH,).

(S)-4-[2-(4-fluorobenzoyl)phenyl]-3-phenylbutanal (5s). Compound 5s was
prepared according to the general procedure B, using (4-fluorophenyl)(o-
tolyl)methanone (86mg, 0.4 mmol, 2 equiv.), trans-cinnamaldehyde (25 pL,
0.2 mmol, 1 equiv.), diphenyl phorphoric acid (10 mg, 0.04 mmol, 0.2 equiv.)
and catalyst 4a (13 mg, 0.04 mmol, 0.2 equiv.). The crude mixture was
purified by flash column chromatography (hexane/EtOAc: 95:5 v/v) to afford
the title compound as a colourless oil (49 mg, 72% vyield, 92% ee). TLC:
(hexane/EtOAC: 90:10 v/v), R = 0.30. The ee (92%) was determined by HPLC analysis on a Daicel
Chiralpak IC-3 column using an isocratic method (Hexane : i-PrOH, 98:2), flow rate 0.7 mL/min; A
= 254 nm, mL/min; & = 247 NM; Tyeor = 14.09 Min, Tyiner = 25.20 min. [a]*’; = +37.6 (¢ = 0.5 in
CHCIls3). HRMS calculated for [Cy3H;9FO,+Na]*: 369,1267; found: 369,1270.

'"H NMR (400 MHz, CDCls) & 9.58 (t, J = 2.0 Hz, 1H, CHO), 7.78 — 7.63 (m, 2H, Ar), 7.38 (m,
1H, Ar), 7.27 —7.22 (m, 2H, Ar), 7.22 — 7.08 (m, 6H, Ar), 7.08 — 7.02 (m, 2H, Ar), 3.53 (9, J = 7.5
Hz, 1H, H3), 3.11 (dd, J = 13.6, 8.2 Hz, H1'), 3.04 (dd, J = 13.6, 7.0 Hz, 1H, H1'B), 2.80 — 2.72
(m, 2H, H2a+H2p). *C NMR (100 MHz, CDCl;) & 201.4 (C=0), 196.7 (CHO), 167.1, 164.5,
142.7 (Cq Ar), 138.8 (Cq Ar), 138.4 (Cq Ar), 134.1 (Cq Ar), 134.1 (Cq Ar), 132.9 (CH Ar), 132.8
(CH Ar), 131.3 (CH Ar), 130.3 (CH Ar), 128.9 (CH Ar), 128.6 (CH Ar x2), 127.5 (CH Ar x2),
126.8 (CH Ar), 125.7 (CH Ar), 115.6, 115.4, 49.3 (CH), 42.1 (CH,), 40.0 (CHy).

(R)-3-[(S)-(2-benzoylphenyl)(phenyl)methyl]pentanal (5t). Compound 5t
was prepared according to the general procedure A, using (2-
benzylphenyl)(phenyl)methanone (54 mg , 0.2 mmol, 1 equiv.), trans-2-
pentenal (108 pL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid (10 mg,
0.04 mmol, 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2 equiv.). The
crude mixture was purified by flash column chromatography (hexane/EtOAc:
90:10 v/v) to afford the title compound as a colorless oil (32 mg, 45% yield,
98% ee) and as a single diastereoisomer (dr > 20:1, as inferred by "H NMR analysis of the crude
mixture). TLC: (hexane/EtOAc: 87:13 v/v), Ry = 0.33. The ee (98%) was determined by HPLC
analysis on a Daicel Chiralpak 1C-3 column 85:15 hexane:iPrOH flow rate 0.80 mL/min; A = 254
NM; Trjor = 10.8 MiN, Tringr = 11.9 min. [a]*®; = + 13.3 (¢ = 0.5 in CHCI5). HRMS calculated for
[CasH240,+Na]": 379,1674; found: 379,1677.

'"H NMR (400 MHz, CDCls;) § 9.54 (t, J = 1.8 Hz, 1H, CHO), 7.67 — 7.60 (m, 2H, Ar), 7.59 — 7.48
(m, 2H, Ar), 7.40 — 7.30 (m, 3H, Ar), 7.17 — 7.01 (m, 7H, Ar), 4.10 (d, J = 11.6 Hz, 1H, H1"), 2.96
(dddd, J = 13.4, 11.5, 6.0, 3.4 Hz, 1H, H3), 2.40 (d, J = 1.9 Hz, 1H, H2a), 2.39 (d, J = 1.9 Hz, 1H,
H2a), 1.41 — 1.28 (m, 1H, H4), 1.16-1.07 (m, 1H, H4), 0.66 (t, J = 7.4 Hz, 3H, CH5)."*C NMR (100
MHz, CDCl3) 3 202.1 (C=0), 198.9 (CHO), 142.8 (Cq Ar), 142.6 (Cq Ar), 139.5 (Cq Ar), 137.9
(Cq Ar), 133.4 (CH Ar), 130.6 (CH Ar), 130.4 (CH Ar x2), 128.5 (CH Ar), 128.5 (CH Ar x2),
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128.4 (CH Ar x2), 128.2 (CH Ar x2), 127.9 (CH Ar), 126.3 (CH Ar), 125.6 (CH Ar), 50.2 (CH
Cl"), 46.3 (CH,), 37.8 (CHy), 25.0 (CH), 10.0 (CH.).

(R)-3-[(R)-8-benzoyl-tetrahydronaphthalenyl]pentanal (5u). Compound
5u was prepared according to the general procedure A, using
phenyl(tetrahydronaphthalenyl)methanone (47 mg , 0.2 mmol, 1 equiv.),
trans-2-pentenal (108 pL, 1.1 mmol, 5.5 equiv.), diphenyl phorphoric acid
(10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4b (15 mg, 0.04 mmol, 0.2
equiv.). The crude mixture was purified by flash column chromatography
(hexane/EtOAc: 90:10 v/v) to afford the title compound as an inseparable mixture of two
diastereoisomers (colorless oil 30 mg, 47% yield, 97% ee, 7:1 dr, dr inferred by *"H NMR analysis
of the crude mixture). TLC: (hexane/EtOAc: 90:10 v/v), Rs = 0.32. The ee (97%) was determined
by HPLC analysis on a Daicel Chiralpak 1B column 85:15 hexane:iPrOH flow rate 1.00 mL/min; A
= 254 NM; Tygjor = 24.0 MIN, Tyinor = 30.1 min. [a]*®s = - 775.2 (¢ = 1.00 in CHCI). HRMS
calculated for [Cy,H,,0,+Na]": 343,1674; found: 343,1675.

'"H NMR (400 MHz, CDCl3) § 9.39 (dd, J = 2.9, 2.0 Hz, 1H, CHO), 7.88 — 7.83 (m, 2H, Ar), 7.62
(m, 1H, Ar), 7.49 (m, 2H, Ar), 7.25-7.11 (m, 3H), 3.38 (q, J = 6.1 Hz, 1H, H1"), 2.81 (m, 2H, H4),
2.30 — 2.23 (m, 2H, H2), 2.22 — 2.14 (m, 1H, H3), 2.04 — 1.92 (m, 1H, H3'a), 1.84 — 1.75 (m, 1H,
H3'a), 1.72 — 1.61 (m, 2H, H2"), 1.34 — 1.15 (m, 2H, H4), 0.66 (t, J = 7.4 Hz, CH5)."*C NMR (100
MHz, CDCl3) 6 203.1 (C=0), 198.9 (CHO), 140.3 (Cq Ar), 139.3 (Cq Ar), 138.5 (Cq Ar), 137.7
(Cq Ar), 133.3, 131.1, 130.1 (CH, Ar x2), 128.5 (CH, Ar x2), 127.0 (CH Ar), 125.0 (CH Ar),
46.1(CH) , 39.8 (CH,), 37.1 (CH,), 30.0 (CH), 23.7 (CH,), 23.1 (CH,), 20.2 (CH,), 11.5 (CHs,).

(3R,4R)-4-(2-benzoylphenyl)-3-ethylpentanal (5v). Compound 5v was
Ve prepared according to the general procedure A, using 2-ethylbenzophenone
Koo} (42 mg , 0.2 mmol, 1 equiv.), trans-2-pentenal (108 pL, 1.1 mmol, 5.5
PhOC A H equiv.), diphenyl phorphoric amq (10 mg, 0.04 mr_nol, 0.2 equw._) _and catalyst
sy 4b (15 mg, 0.04 mmol, 0.2 equiv.). The crude mixture was purified by flash
column chromatography (hexane/EtOAc: 90:10 v/v) to afford the title
compound as an inseparable mixture of two diastereoisomers (colorless oil, 40 mg, 68% yield, 1.3:1
dr, 87% ee major isomer and 84% ee minor isomer). TLC: (hexane/EtOAc: 90:10 v/v), R = 0.29.
The ee was determined by HPLC analysis on a Daicel Chiralpak 1C-3 column 95:5 hexane:iPrOH
flow rate 0.9 mL/min; & = 254 nm; major diastereoisSomer: Tmajor = 21.3 MiN, Tminor = 23.7 Min (84%
ee); minor diastereoisomer: Tmjor = 24.4 MIN, Trinor = 26.1 Min (87% ee). [a]*°p = +5.5 (c = 1.00 in
CHCI3). HRMS calculated for [CyH2,0,+Na]™: 317,1517; found: 317,1520.
Diagnostic signals for the major diastereoisomer: "H NMR (400 MHz, CDCl5) § 9.65 (dd, J = 2.5,
1.6 Hz, 1H, CHO), 3.09 (p, J = 7.0 Hz, 1H, H1"), 2.44 (ddd, J = 16.4, 5.0, 1.6 Hz, 1H, H2), 6 2.30
(dd, J =7.1, 2.5 Hz, 1H, H2B), 6 1.36 — 1.27 (m, 2H, H4a+H4p), 1.18 (d, J = 7.0 Hz, 3H, CH,),
0.71 (t, J = 7.4 Hz, 3H, CHy).
Diagnostic signals for the minor diastereoisomer: *H NMR (400 MHz, CDCl5) 6 9.49 (t, J = 2.0
Hz, 1H, CHO), 2.96 — 2.81 (m, 1H, H1"), 8 2.27 — 2.24 (m, 2H, H2), 2.24 — 2.17 (m, 1H, H3), 1.61 —
1.55 (m, 1H, H4a), 1.43 — 1.36 (m, 1H, H4B)1.23 (d, J = 6.8 Hz, 3H, CH3), 0.79 (t, J = 7.5 Hz, 3H,
CHy).
Complete overlap of the aromatic signals was observed: *"H NMR (400 MHz, CDCl;) & 7.86 —
7.79 (m, 4H), 7.65 — 7.57 (m, 2H), 7.52 — 7.41 (m, 9H), 7.31 — 7.25 (m, 5H).
3C NMR (100 MHz, CDClI3) § 202.8 (C=0), 202.6 (C=0), 198.7 (CHO), 198.7 (CHO), 144.9 (Cq
Ar), 144.5 (Cq Ar), 139.1 (Cq Ar x2), 137.8 (Cq Ar), 137.8 (Cq Ar), 133.4 (CH Ar), 133.4 (CH Ar),
130.4 (CH Ar), 130.2 (CH Ar), 130.1 (CH Ar), 1285 (CH Ar), 128.5 (CH Ar), 128.2 (CH Ar),
128.1 (CH Ar), 127.3 (CH Ar), 127.2 (CH Ar), 125.6 (CH Ar), 125.4 (CH Ar), 46.3 (CH), 45.0
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(CH), 40.3 (CHy), 40.3 (CHy), 38.2 (CHy), 37.5 (CHy), 25.4 (CH), 23.6 (CH), 19.5 (CHs), 17.6
(CH3), 11.1 (CHy), 10.0 (CHs).

(R)-3-[(R)-8-benzoyl-tetrahydronaphthalenyl]-3-(p-tolyl)propanal  (5w).
Compound 5w was prepared according to the general procedure B, using
phenyl(tetrahydronaphthalenyl)methanone (96 mg, 0.4 mmol, 2 equiv.),
trans-cinnamaldehyde (25 uL, 0.2 mmol, 1 equiv.), diphenyl phorphoric acid
(10 mg, 0.04 mmol, 0.2 equiv.) and catalyst 4a (13 mg, 0.04 mmol, 0.2
equiv.). The crude mixture was purified by flash column chromatography
(hexane/EtOAc: 93:7 v/v) to afford the title compound as a colourless oil
(36.5 mg, 48% vyield, 80% ee). TLC: (hexane/EtOAc: 90:10 v/v), Rs = 0.33. The ee (80%) was
determined by HPLC analysis on a Daicel Chiralpak IC-3 column using a isocratic method (80:20
Hexane:iPrOH), flow rate 0.4 mL/min; A = 247 NM; Tygjor = 24.03 MiN, Tyinor = 24.92 Min. [a]*; =
+18.6 (c = 0.5 in CHCIl3). HRMS calculated for [C,;H,50,+Na]*: 405,1830; found: 405,1829.

'H NMR (500 MHz, CDCl3) § 9.26 (t, J = 1.9 Hz, 1H, CHO), 7.32 (m, 1H, Ar), 7.22 (m, 3H, Ar),
7.20 — 7.16 (m, 5H, Ar), 7.15 — 7.07 (m, 4H, Ar), 3.66 (ddd, J = 10.0, 4.9, 2.9 Hz, 1H, H1"), 3.43
(td, J=9.9, 5.1 Hz, 1H, H3), 2.84 (m, 2H, H4'a+H2a), 2.75 (dd, J = 8.5, 4.7 Hz, 1H, H4p), 2.58 —
2.49 (ddd, J = 16.8, 5.1, 1.7 Hz, 1H, H2B), 2.45 (s, 3H, Me), 1.92 (m, 1H, H3'a), 1.59 (m, 1H,
H3'B), 1.52 — 1.41 (m, 1H, H2'a), 1.38 — 1.31 (m, 1H, H2'B)."*C NMR (125 MHz, CDClI;) & 202.1
(C=0), 201.3 (CHO), 143.0 (Cq Ar), 140.4 (Cq Ar), 139.6 (Cq Ar), 139.2 (Cq Ar), 139.0 (Cq Ar),
138.4 (Cq Ar), 132.3 (CH Ar), 131.7 (CH Ar), 131.3 (CH Ar), 130.4 (CH Ar), 128.6 (CH Ar x2),
128.5 (CH Ar x2), 128.1 (CH Ar), 126.7 (CH Ar), 125.9 (CH Ar), 125.5 (CH Ar), 48.7 (CH), 42.6
(CH), 40.0 (CHy), 27.6 (CH,), 23.7 (CH,), 21.0 (CH3; Me), 17.2 (CH,).
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Product Manipulations

pyrrolidine (20 mol%) O fe)

benzoic acid (40 mol%)

—> H
[5]p = 0.03 M O‘

CHClj3, 50 °C
H .
48h R

5p, 5t 6,7
The adduct 5 (1 equiv.) was dissolved in dry CHCI; (0.03 M solution). Pyrrolidine (20 mol%) and
benzoic acid (40 mol%) were sequentially added under an argon atmosphere, and the solution was
warmed up to 50 °C. After 48 h stirring, water was added and the biphasic mixture was extracted
with DCM (x 3). The organic phases were collected and concentrated under vacuum. The obtained
material was then subjected to FC purification to afford the title compound in the stated yield.

(S)-1-(4-bromophenyl)-3-ethyldihydronaphthalenecarbaldehyde (6)
Compound 6 was prepared from (S)-3-(2-(4-bromobenzoyl)benzyl)pentanal
5p (100 mg, 0.27 mmol, 1 equiv.), pyrrolidine (5 uL, 0.05 mmol, 0.2 equiv.)
and benzoic acid (13 mg, 0.11 mmol, 0.4 equiv.). The crude mixture was
purified by flash column chromatography (hexane/EtOAc: 97:3 v/v) to afford
the title compound as a colorless oil (72 mg, 78% yield, 90% ee). TLC:
(hexane/EtOAc: 90:10 v/v), Ry = 0.32. The ee (90%) was determined by
HPLC analysis on a Daicel Chiralpak 1C-3 column 98:2 hexane:iPrOH flow
rate 0.80 mL/min; A = 254 NM; Trjor = 16.51 Min, Tyinor = 17.37 min. [o]*°p = -4.1 (c =0.5gcm? in
CHCI3). HRMS calculated for [C19H1;BrO+Na]™: 363,0360; found: 363,0365.

'"H NMR (500 MHz, Chloroform-d)  9.57 (s, 1H, CHO), 7.63 (m, 2H, Ar), 7.32 (td, J = 7.4, 1.3
Hz, 1H), 7.30 — 7.23 (m, 2H), 7.15 (m, 2H, Ar), 6.83 (dd, J = 7.8, 1.2 Hz, 1H, Ar), 3.18 — 2.98 (m,
2H, H1'a+H3), 2.93 (d, J = 15.0 Hz, 1H, H1'B), 1.49 — 1.38 (m, 1H, H4a), 1.35 — 1.24 (m, 1H,
H4p), 0.92 (t, J = 7.4 Hz, 3H, CH;)."*C NMR (125 MHz, CDCls) § 192.7 (CHO), 152.3 (Cq),
139.0 (Cq Ar), 137.1(Cq Ar) , 134.4 (Cq Ar), 134.3 (Cq Ar), 130.5 (CH Ar), 128.9 (CH Ar), 128.1
(CH Ar), 126.6 (CH Ar), 122.8 (Cq), 31.6 (CH,), 31.3 (CH), 24.1 (CH,), 11.8 (CHy).

The absolute configuration of compound 6 was unambiguously inferred by anomalous dispersion
X-ray crystallographic analysis (CCDC 1417311), see X-ray Crystallographic Data section.

Ph O 3-(2-benzoylbenzyl)pentanal (7). Compound 7 was prepared from 3-[(2-
benzoylphenyl)(phenyl)methyl]pentanal 5t (17 mg , 0.05 mmol, 1 equiv.),
Oa H pyrrolidine (0.2 mL of a stock solution in CHCI; 0.05 M, 0.2 equiv.) and

R benzoic acid (2.5 mg, 0.4 equiv.). The crude mixture was purified by flash
Ph column chromatography (hexane/EtOAc: 97:3 v/v) to afford the title
(+h)-7 compound as a colorless oil (8 mg, 48% yield). TLC: (hexane/EtOAc: 90:10

v/V), R¢ = 0.32. HRMS calculated for [CysH,,0+Na]": 361,1568; found: 361,1576.

'H NMR (400 MHz, CDCl5) § 9.42 (d, J = 0.6 Hz, 1H, CHO), 7.53 — 7.44 (m, 4H, Ar), 7.37 (m,
1H, Ar), 7.31-7.20 (m, 4H, Ar), 7.18 — 7.12 (m, 1H, Ar), 7.09 — 6.97 (m, 4H), 7.18 — 7.12 (m, 1H),
7.09 — 6.97 (m, 3H), 4.25 (s, 1H, H1"), 3.31 (ddd, J = 7.9, 6.2, 1.5 Hz, 1H, H3), 1.66 — 1.59 (m, 1H,
H4o), 1.54 — 1.46 (m, 1H, H4pB), 1.07 (t, J = 7.4 Hz, 3H, CH5)."*C NMR (100 MHz, CDCl,) &
193.2 (CHO), 153.5 (Cq), 143.4 (Cq Ar), 138.4.0 (Cq Ar), 136.9 (Cq Ar), 136.3 (CH Ar), 135.7 (Cq
Ar), 135.3 (CH Ar), 133.1 (CH Ar), 130.8 (CH Ar), 128.6 (CH Ar), 128.5 (CH Ar), 128.3 (CH Ar),
127.5 (CH Ar), 127,3 (CH Ar), 126.3 (Cq), 46.7 (CH), , 40.1 (CH), 31.6 (CH,), 26.1 (CH,), 12.0
(CHy).
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The stereochemical assignment of compound 7 was based on 'H-'H NOESY spectroscopic
experiments performed on a 400 MHz instrument. Diagnostic interactions are shown below.

'H-'H NOESY analysis of product 7. Diagnostic nOe interactions.
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D. Mechanistic Investigations

1. Transient Absorption Spectroscopy (TAS) Studies

Using the transient spectroscopy system available at the ICIQ (specifications of the equipment can
be found in the General Information, page S3), we observed a transient species upon selective
irradiation of a 5x10° M solution of 2-methylbenzophenone 1a in cyclohexane, showing an
absorption maximum at 450 nm. The half lifetime of the transient was ca. 150 ms (Figure S2). The
characteristics of the detected transient are in agreement with literature data obtained upon flash
photolysis studies of 1a, which identified the absorption of the ground state (E)-photoenol in the
region of 400-450 nm (3-5).
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Figure S2. Decay of absorption at 450 nm of a transient generated upon 355 nm laser excitation of 2-
methylbenzophenone 1a ([1a] = 5x10° M in cyclohexane). AOD: optical density variation.7, /2= 150 ms.

We next evaluated the effect of the catalyst 4b on the decay of the absorption of transient (E)-
photoenol generated from 1a. The results of the flash photolysis studies, conducted in toluene, are
shown in Figure S3. We selected a time scale (20 ms) suitable for clearly showing the decay of the
transient. It can be appreciated how the formation of the transient is only marginally affected by the
presence of increasing amounts of 4b, as indicated by the slight decay of the initial absorption.
Repeating the same experiments adding pentenal 3a or cinnamaldehyde did not affect the formation
of the transient A to any extent.

Effect of chiral amine 4b on the transient photoenol

40

1a (5x10° M)
1a/4b = 560
1a/4b = 280
1a/4b = 140
1a/4b = 56
1a/4b = 1

3,5

3,0

2,5

2,0

AOD (x10™)

¥
0 2 4 6 8 10 12 14 16 18 20
time (ms)

Figure S3. Decay of absorption obtained in the presence of the catalyst 4b. Absorption at 450 nm of the transient (E)-
photoenol A (black line) generated upon 355 nm laser excitation of 2-methylbenzophenone 1a ([1a] = 5x10° M in
toluene). Absorption decays (colored lines) observed in the presence of increasing amounts of the amine catalyst 4b. The
time scale showed: 20 ms. Studies performed using the transient spectroscopy system specified in the General
Information, page S3.
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In a typical transient absorption spectroscopy experiment, 2.8 mL of a 5x10° M toluene solution of
2-methylbenzophenone 1a (0.014 mmol) were added to a screw-top 3.0 mL quartz cuvette. Upon
355 nm laser excitation, the decay of absorption at 450 nm of the transient (E)-photoenol (black line
in Figure S3) was collected. The effect of the catalyst 4b was evaluated by sequentially adding, to
the original 1a solution, increasing amounts of an equimolar solution of 2-methylbenzophenone la
and catalyst 4b in toluene (5x10° M, 1:1 ratio between 1a and 4b). After every addition, the decay
of absorption of the transient photoenol was recorded (coloured lines in Figure S3). This procedure
allowed us to keep the concentration of 1a constant to 5x10° M in all the measurements. It is of
note that the same experiment, when conducted upon degassing the solutions by bubbling a stream
of argon for 10 minutes after every addition, gave a very similar profile for the decay of the
transient (E)-photoenol absorption.

Table S1 below shows the volumes of the 1a:4b equimolar solution (5x10° M in toluene) added to
2.8 mL of a 5x10% M toluene solution of 2-methylbenzophenone 1a. The corresponding
concesntration of 4b and the total volume in every measurement is shown, while [1a] is constantly
5x10™ M.

Table S1. Volumes of a 1a:4b equimolar solution (5x10° M in toluene) added to the initial solution of
1la (2.8 mL of a 5x10°M toluene solution, 0.014 mmol) and the corresponding concentrations of 4b in
every measurement.

Volume of 1a:4b mmol of 4b total volume [4b] a
equimolar solution Ratio 4]
(L) (x10°) (mL) (x10° M)
0 0 2.8 0 -
5 2,5 2.805 0.9 560
10 5 2.81 1.8 280
20 10 2.82 35 140
50 25 2.85 8.8 56

During the last measurement, an equimolar solution of 2-methylbenzophenone 1a and catalyst 4b
was used (la:4b = 1:1).

2. Control Experiments
Ph
N Ph
H  otBs Ph Ph O
HO, Ph

o
4b (20 mol%)
H 15 W BLB Q O‘ H
_—
Me Et H Me

DPP (20 mol%)
0-Cl,CgHy, 48 h 4b 6b, traces

25 °C: 4b & 6b not detected - 2b fully recovered
40 °C: 4b not detected - 6b, 20% yield

2b
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When an authentic sample of the cyclic adduct 2b (inseparable mixture of diastereoisomers,
synthesized from crotonaldehyde and 2-methylbenzophenone la according to: E. Block, R.
Stevenson, J. Chem. Soc., Perkin Trans. 1, 1973, 308-313) was subjected to the optimized photo-
organocatalytic condition, we did not detect the open product 4b to any extent, but we fully
recovered the unreacted adduct 2b. When repeating the experiment at 40 °C, a minor amount (=
20%) of the dehydration product of type 6 was recovered. These experiments indicate that the retro-
aldol-mediated ring-opening of 2 is not a viable pathway for the formation of 4a.

3. Absorption Spectra

trans-2-pentenal 0.05 M in toluene

0 T T T T T T T T
300 330 360 390 420 450 480 510 540

Figure S4. Absportion spectrum of trans-2-pentenal in toluene.

cinnamaldehyde 0.05 M in toluene
4,5 -
3,5 -
2,5 -
1,5 -

0,5 -

0 T T T 1 T T T T
300 330 360 390 420 450 480 510 540

Figure S5. Absorption spectrum of cinnamaldehyde in toluene.
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4. Computational Details

All calculations were carried out using Gaussian09 software (6)." All energies reported in the main
text were computed on the full experimental system with the M06-2X functional (7) and the 6-
311++G(d,p) basis set (8), with solvent contributions added using the SMD model (9). High level
QM calculations were carried out on geometries optimized with and ONIOM(QM:MM) approach
(10). The level of theory for the QM part was with the 6-31+G* basis set, with the MM level being
UFF (11). The MM region consisted of the diphenylsiloxy group. The validity of the ONIOM
description was confirmed by the similarity of the ONIOM and full QM potential energies in gas
phase. Frequency calculations at standard conditions (1 atm, 298 K) were carried out at the ONIOM
level to confirm the identity of minima and transition states and compute entropic corrections.
Geometry optimizations were carried out without constraints, and IRC calculations were carried out
on all transition states to determine connectivity (12, 13).

Conformational Search

A conformational search was carried out on the iminium ion intermediate C, derived from the
condensation of crotonaldehyde with the chiral secondary amine 4a, which corresponds to 120°
rotations along the C-C axis that connects with the diarylprolinol-silyl ether unit, and the lowest
energy conformation was used in the rest of the calculations (Figure S6). This approach assumes
that the most stable conformation in the free substrate will remain unchanged in all stages of the
reaction. In fact, the relative energies of the three conformations are 0.0, 6.5, 11.8 kcal.mol™?, so
even a low barrier rotation of the diarylprolinol-silyl ether has a higher energy cost than the
formation of the product.

H H H
(HsC)3SiO Ph Ph Ph Ph OSi(CHa)s
+ +
SN 2CH, Y ZSCH, SN 2CH,
I Ph | OSi(CHa)3 I Pn
1 2 3
0.0 6.5 11.8

Figure S6. Relevant conformations of the iminium ion corresponding to rotations of the diarylprolinol-silyl ether unit.
Relative free energies in kcal-mol™.

Concerning the mechanism in absence of a proton shuttle, TS1 and TS2 differ mainly in the attack
conformation, particularly in the orientation of the —OH group in the photoenol. In TS1, the proton
points away from the nitrogen which has a deficiency in electron density. As a result, the C-C
distance is 2.35 A. On the other hand, the proton in TS2 points towards the nitrogen which already
has amine configuration rather than iminium, and this shift in the electron density is reflected in a
larger C-C distance (2.59 A).

Radical Mechanism

An alternative mechanism could be envisaged where the carbon-carbon bond formation takes place
prior to the formation of the ground-state photoenol A, in a competing photoinitiated process. We
evaluated this hypothetic mechanism (on a model system where methyl replaces the protecting
group) and the results are detailed in Figure S7.

After light excitation and intersystem crossing (ISC) to the triplet state (Kesl and Kes2), 2-
methylbenzophenone 1 transfers a hydrogen from the methyl group to the oxygen (TSs1) leading to
the triplet alcohol (OHs1), which can rotate (OHs2) and undergo a subsequent ISC to form the
singlet photoenol A. we evaluated whether there could be bifurcations from both radical
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intermediates OHs1 and OHs2, which might be intercepted by the iminium ion affording the final
Michael product 4 through the transition states presented in red in Figure S7. However, these steps
are not competitive due to the much faster rotation and intersystem crossing to yield the singlet

photoenol A. On the basis of these results, a radical mechanism can be ruled out.

Figure S7. Free energy profile for the formation of the photoenol A (black profile) and noncompetitive radical formation

of the C-C bond leading to the product (red profile). Energies in kcal-mol™

Optimized Cartesian Coordinates of Intermediates and Transition States

Photoenol A

E(M06-2X/6-311++G(d,p) = -615.796231246

Number of Negative Frequencies = 0
C -2.455420 -0.922698 0.589928

-1.146365
-0.278256
-0.935732
-2.208237
-2.965745
-3.036580
-0.349128
-2.666981
-3.959351
-0.854365
0.048643
1.074457
1.730511
2.672776
1.966606
2.916686
1.931399
3.801117
2.942114
2.817850

OTOOOOITO0OOIOIIIITOOOOON

-1.173620
0.019314
1.324510
1.469577
0.321040

-1.789057
2.185333
2.453565
0.475230

-2.414296

-2.645085

-0.034189
1.108958
1.016515

-1.195540

-1.545906

-1.895583

-2.599540

-1.007677

-2.940666

-0.022790
-0.197928
-0.212096
0.213902
0.685127
0.896853
-0.513048
0.240954
1.096602
-0.466811
-1.020819
-0.330971
-0.701756
-0.497029
-0.098533
-1.064494
1.114402
-0.834348
-2.009488
1.343841
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H
C
H
H
H
H

Iminium lon C (derived from crotonaldehyde and catalyst 4a) - conformation 1
E(M06-2X/6-311++G(d,p) = -1352.98288875

1.197028
3.752052
4.524838
2.785633
4.442368
-1.547431

-1.615172
-3.299009
-2.873318
-3.476923
-4.117331
-3.232023

1.864829
0.368606
-1.596657
2.287822
0.551242
-0.288504

Number of Negative Frequencies = 0

C

TOITIOOOOIITOIOIOOOOOZIIIIIITOIOOOIIIOIOIOX

0.867029
0.307969
0.121324
0.604237

-1.206208

-1.657878

-2.117742

-2.920064

-1.597454

-2.606219
2.867707
3.100594
4.341007
2.475041
4.279291
3.356122
2.661459
5.027196
4.736026
5.205161
4.079045
2.138835
2.611466
3.382658
3.365274
4.079213
4.051142
2.814218
4.759400
4.085411
4.751257
4.032162
5.287841
5.278058
3.026156
4.341598
2.085376
4.694198
5.102855
2.446856
1.068785

-1.895683

-2.828523
-0.688568

0.280701
-0.782322
-1.775081

0.370996

0.347369

1.328459

0.287754
-3.294810
-0.876634
-2.945546
-3.986993
-1.563507
-0.499877
-0.073429
-2.925088
-3.678788
-0.999564
-1.657259
-1.992522
-3.835853
-5.129336
-5.583906
-5.906029
-6.741095
-5.038333
-7.065903
-5.650025
-7.479379
-7.069504
-7.650825
-8.378825
-2.718027
-2.618690
-1.743140
-1.590440
-3.339959
-0.717320
-1.758075

-0.997059

-1.015704
-1.202315
-1.130991
-1.438639
-1.483137
-1.644043
-0.896954
-1.582618
-2.622261
-0.534467
-0.912306
-0.918674
-1.271109
-1.586988
0.083511
-1.502337
-0.076717
-1.622796
-1.461662
-2.658792
-0.777346
0.915472
1.275299
2.613999
0.322753
2.990165
3.369943
0.705337
-0.723162
2.037231
4.021192
-0.036412
2.328650
1.905863
2.421883
2.315703
3.299748
2.156577
3.192566
1.945523
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Iminium lon C (derived from crotonaldehyde and catalyst 4a) - conformation 2
E(M06-2X/6-311++G(d,p) = -1352.97248625

3.749085
5.704406
1.714524
4.025981
1.207473
0.407685
0.645542
1.624809
0.589503
-0.155048
-1.421222
-1.634084
-1.988491
-1.729994
0.803572
1.861872
0.164071
0.581443

-0.640525
-1.531418

0.022664

0.155702
-4.033092
-5.463477
-6.952329
-7.427291
-6.640098
-7.691588
-5.086868
-4.224507
-5.972509
-4.838917
-5.954747
-6.263860
-6.816892
-5.116418

3.683597
3.684015
3.488543
4.362341
1.111753
0.470750
1.576872
1.369926
2.639627
1.370213
0.499767
-0.164330
0.146833
1.535928
-1.292503
-1.384685
-1.571417
-1.983177

Number of Negative Frequencies =0

C

OTOOO0O0O0OOZITITIIIIOIOOOIIIOIOIIOI

0.866319
0.289113
0.135983
0.610506

-1.183481

-1.635477

-2.087292

-2.904024

-1.566815

-2.557208
2.866371
3.084872
4.337402
2.537928
4.202648
3.435159
2.614112
4.920042
4.851318
5.122022
3.896924
2.120424
2.717097
1.466129
1.301943
0.563683
0.228708
2.012270

-0.512711

-1.905373

-2.816258
-0.683376

0.282333
-0.762360
-1.749942

0.402170

0.346061

1.354315

0.365697
-3.342502
-0.909379
-2.897073
-3.978190
-1.562122
-0.623111
-0.058588
-2.736498
-3.656078
-0.974338
-1.690540
-2.032934
-4.056684
-4.943023
-5.576625
-5.293615
-6.436885
-5.399491
-6.150123

-1.009493

-1.123238
-1.186698
-1.050559
-1.470279
-1.577688
-1.641936
-0.912216
-1.525238
-2.632008
-0.591562
-0.832930
-0.906003
-1.412323
-1.628663
0.162490
-1.320001
0.006509
-1.498866
-1.603907
-2.672646
-0.712149
0.801470
1.015217
2.270061
-0.016209
2.511652
3.067076
0.234287
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Iminium lon C (derived from crotonaldehyde and catalyst 4a) - conformation 3
E(M06-2X/6-311++G(d,p) = -1352.96410802

0.685331
-0.686844
0.111170
-1.202578
-1.517841
3.881556
3.997779
4.844997
5.041129
3.276882
5.885622
4.802337
5.984565
5.116806
6.616914
6.791643
2.900598
1.548343
1.731369
1.565001
2.752775
0.984783
1.725167
1.395345
1.088578
2.783388
-0.227678
-0.376479
-0.529951
-0.888848

-4.956109
-6.711797
-6.894503
-6.396321
-7.379555
-5.064805
-6.115680
-4.984985
-7.040588
-6.219443
-5.915078
-4.210089
-6.939906
-7.837980
-5.841324
-7.658174
-3.071775
-2.255084
-2.559045
-3.631794
-2.269365
-1.951710
-0.407951
-0.109562

0.109874
-0.114970
-2.701717
-2.835679
-3.624007
-1.880212

-1.029259
1.498164
3.485373
-0.562720
1.684866
0.911042

-0.027442
1.943386
0.057824

-0.828007
2.021327
2.696690
1.080054

-0.670096
2.815957
1.144485
1.826087
2.609119
4.443366
4.666703
4.764664
4.995027
2.392952
1.379802
3.139274
2.549322
2.183576
1.100943
2.716619
2.527085

Number of Negative Frequencies = 0

C
H

C
H
Cc
H
C
H
H
H
Cc
Cc
C
H
Cc
H
H

0.891273
0.347156
0.138761
0.603764

-1.179990

-1.616293

-2.101980

-2.920722

-1.597059

-2.567148
2.873849
3.112560
4.327423
2.420284
4.229383
3.427214
2.643409

-1.871832

-2.816448
-0.675348
0.300564
-0.786468
-1.785025
0.355144
0.315826
1.319485
0.270249
-3.278956
-0.852596
-2.943862
-3.889483
-1.575166
-0.438279
-0.063899

-0.950231

-0.991035
-1.184274
-1.089181
-1.460885
-1.523124
-1.682564
-0.954053
-1.603740
-2.671914
-0.473591
-0.866525
-0.919134
-1.261553
-1.612593
0.094016
-1.452942
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5.070019
4.698536
5.170062
3.941767
2.151412
2.610266
3.650392
3.737189
4.374744
4.605768
3.131016
5.243142
4.257264
5.369704
4.675818
5.803529
6.038367
1.270634
1.160917
0.102410
-0.051569
1.999719
-1.105729
0.102396
-1.182651
-0.115189
-1.987550
-2.121431
2.420941
3.718231
3.430879
3.518442
2.414768
4.186770
3.549608
3.741813
4.275429
2.521242
5.481301
5.614840
6.165718
5.761030

ITITOIITOIITIOLOIITOIOIOOOOIIIOIOIOOOOOZIIIT

H,O

E(M06-2X/6-311++G(d,p) = -76.4253004768

-2.881780
-3.691773
-1.023180
-1.687389
-1.954586
-4.029965
-3.872591
-4.877693
-2.680379
-4.748658
-5.771962
-2.554571
-1.826797
-3.593538
-5.541844
-1.639257
-3.491835
-3.543339
-2.270320
-4.345064
-1.827645
-1.594150
-3.893604
-5.318447
-2.638318
-0.847594
-4.519019
-2.290808
-5.422212
-6.386656

-8.120185
-8.129661
-8.455909
-8.804876
-6.512747

-5.544553
-7.260404
-6.846185
-5.987459

-6.167285
-6.665740
-4.950158

-0.132157
-1.617158
-1.574300
-2.663031
-0.651646
0.903683
2.041498
3.034753
2.265007
4.121487
2.972975
3.352772
1.622476
4.272503
4.854566
3.493437
5.117470
1.512414
2.125669
1.460472
2.659870
2.164787
1.998745
0.989360
2.598337
3.114847
1.944900
3.009824
0.630032
-0.052658
0.578203
1.684041
0.286006
0.141671
-1.913413
-2.408826
-2.293700
-2.161685
0.452829
1.537739
-0.096335
0.216082

Number of Negative Frequencies = 0

) 0.98520200 1.06520700 0.00000000
H 1.95160400 1.09942400 0.00000000
H 0.69479800 1.98768100 0.00000000

TS1 (Figure 4 in the main manuscript)

E(MO06-2X/6-311++G(d,p) = -1968.79114978
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Number of Negative Frequencies = 1
C -0.072257 3.488998 -0.203340
1.078417 2.787372 -0.743494
1.496822 3.164983 -2.096547
0.680099 4.113943 -2.834322
-0.411696 4.695989 -2.282736
-0.792816  4.377538 -0.930191
-0.362449 3.254674 0.817691
1.005423 4.398442 -3.829160
-0.979102 5.434340 -2.840458
-1.656558 4.866341 -0.489885
1.546483 1.699818 -0.037952
2.437267 1.147965 -0.304367
2.604212 2.635098 -2.737699
2.660371 2.774650 -4.083256
3.578473 2.665820 -4.383758
0.762934 -0.097269 -2.367157
0.284073 0.004388 -1.074507
1.162978 1.538363 0.965609
3.805132 2.029057 -2.129987
4443114 2.664779 -1.056020
4.369866 0.873526 -2.685009
5.616879 2.134616 -0.534520
4.012330 3.570518 -0.637793
5.542169 0.340348 -2.154268
3.875882 0.377257 -3.518674
6.164064 0.969441 -1.077190
6.112392 2.633867 0.292078
5.967783 -0.563542 -2.578734
7.080087 0.557893 -0.665008
0.275124 0.777957 -3.356288
-0.379312 1.578679 -3.015638
1.498053 -0.861300 -2.604762
1.345474 -0.267563 -5.309449
-0.015921 1.738338 -5.634778
1.940679 0.513474 -6.473895
0.732162 -1.110950 -5.650082
2.091689 -0.646035 -4.609656
0.794887 1.429841 -6.925979
0.336908 2.695053 -5.240600
2.790420 1.104588 -6.119672
2.290729 -0.142180 -7.273686
1.176264 2.358689 -7.355741
0.222060 0.942752 -7.711015
-1.579435 1.780958 -5.759556
0.479853 0.719587 -4.652271
0.562688 -1.061310 -0.055770
0.420884 -0.705645 0.965924
-0.139330 -1.890040 -0.214417
1.576676 -1.458245 -0.158520
-0.584447 0.636827 -0.899277

ITITOZOIIIIIOITOOOIIOIIIOIOIZIOOOOIOOIOOIOIIIIOOOOO
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Intermediate D (the precursor of the cycloaddition adduct 2b)
E(M06-2X/6-311++G(d,p) = -1968.88215506

-1.952587
-2.921211
-1.362320
-3.229584
-3.469803
-1.674905
-0.665447
-2.601591
-3.968535
-1.204961
-2.846527
-2.090656
-1.961848
-2.533614
-2.330497
-1.598160
-2.898011
-2.584497
-2.802839
-2.242351
-3.242706
-3.082843
-2.016838
-3.697477
-4.980722
-5.002423
-5.977775
-4.774858
-4.002939
-3.150765
-4.126642
-4.932882
-4.020102
-3.402365
-5.092593
-3.757097

2.579236
2.142630
3.847380
2.909913
1.225137
4.608159
4.262900
4.136291
2.556449
5.571644
4.729259
0.314379
-0.558916
-0.247850
-1.903466
-0.210543
-1.593208
0.344474
-2.419131
-2.548916
-1.998337
-3.462160
2.502582
3.008712
1.731992
0.913161
2.217526
1.317517
4.590874
5.284568
4.373434
5.065950
3.405132
4.273986
3.652098
2.527054

-7.039041
-7.974215
-7.253988
-0.101124
-7.842509
-8.382996
-6.539289
-0.310113
-9.808706
-8.532219
-10.181749
-5.711956
-6.818069
-4.490392
-6.724256
-7.770994
-4.402067
-3.587279
-5.519440
-7.588662
-3.459421
-5.448358
-4.605072
-4.502354
-4.989127
-4.242582
-5.003783
-5.991087
-5.451526
-5.299649
-6.530378
-5.077755
-2.707664
-2.405156
-2.569107
-2.082678

Number of Negative Frequencies = 0
C 0.248553 4.471989

C

Cc
C
Cc
Cc
H
H
H
H
C

0.930527
1.918310
2.204493
1.524974
0.543021
-0.522231
2.948197
1.758512
0.003893
0.650697

3.278119
3.243156
4.388008
5.579441
5.620135
4.501944
4.348908
6.468954
6.541562
2.021923

-1.035630

-1.273344
-2.270984
-3.012488
-2.756715
-1.770436
-0.268989
-3.802589
-3.333461
-1.573349
-0.487345
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1.450217
2.576597
3.138666
4.058305
1.423166
0.568292
-0.277514
3.642563
3.999394
4.319597
5.001638
3.499996
5.319626
4.071905
5.658967
5.269926
5.834798
6.437636
0.544145
-0.136423
1.860306
1.484950
-0.383800
1.750044
1.003666
2.363111
0.361649
-0.311580
2.424478
2.210339
0.455836
-0.126305
0.509379
0.954317
0.338330
0.804247
2.004121
-0.479009
-1.866970
-2.834815
-1.852957
-2.357372
-4.142934
-2.491958
-1.990356
-1.677627
-2.875629
-5.051295
-4.460547
-3.407434
-1.535977

1.878810
1.904386
1.892375
2.197010
0.848488
0.745389
2.128912
1.472109
2.253874
0.266179
1.825642
3.202404
-0.160152
-0.341572
0.619015
2.442013
-1.097340
0.287870
1.304391
2.118435
-0.126162
-0.083544
1.441963
0.577181
-1.060827
-0.152821
1.049927
2.516143
1.425587
-0.111147
1.911154
0.265928
0.862297
-0.491261
-0.552353
-1.412124
-0.441503
0.622735
0.964294
1.463008
-0.584914
1.345142
0.929277
2.465031
-1.334540
-1.300680
2.998348
1.344973
0.187572
2.879320
2.960138

0.251850
-2.574757
-3.890447
-3.839002
-2.656358
-1.357889

0.082469
-1.571517
-0.471498
-1.797231

0.400271
-0.291479
-0.930322
-2.665231

0.176873

1.252678
-1.117376

0.857003
-3.769019
-3.530951
-2.887326
-5.563971
-6.049554
-6.907355
-5.673245
-4.927363
-7.363279
-5.923319
-6.753770
-7.618312
-8.025747
-7.936553
-4.970765
-0.545280

0.357174
-1.118641
-0.236243
-1.667523
-5.884955
-6.984848
-5.891433
-4.595509
-7.037057
-7.920043
-7.085071
-4.682875
-4.286830
-8.013436
-6.314754
-8.891916
-7.896609
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TS2

E(M06-2X/6-311++G(d,p) = -1968.78699666

-1.951381
-2.131452
-1.637676
-1.551333
-4.598923
-2.986073
-1.743667
-4.682080
-6.045695
-3.129759
-1.774444
-2.057957
-1.495660
-4.563071
-5.243237
-5.022547
-2.007604
-3.257313
-3.758744
-1.695190
-2.154848
-0.730048
-5.388257
-1.742273

-2.731057
-0.845068
-2.697055
-0.783290
3.329627
3.154460
4.378022
2.315682
0.918831
3.647894
-3.411401
-3.286926
-3.225923
3.554103
2.446179
4.208357
2.896421
4.194969
2.456976
4.408819
5.344018
4.251120
2.640891
-4.493180

-7.065470
-8.039512
-4.672539
-3.740951
-4.932982
-2.429973
-4.857922
-8.943472
-8.042935
-9.601687
-5.861662
-7.988068
-3.738878
-6.017221
-4.747100
-4.405138
-1.979497
-2.157511
-2.046948
-5.963346
-4.500327
-4.428318
-9.696393
-5.850448

Number of Negative Frequencies = 1

C

C
C
Cc
C
C
H
H
H
H
Cc
H
C
@)
H
C
Cc
H
C
C
Cc
C
H

-0.183714

0.991902
1.505666
0.825352
-0.271700
-0.802645
-0.570040
1.271221
-0.719617
-1.678334
1.379210
2.261829
2.538811
2.672407
1.880144
0.523527
0.150515
0.873141
3.656642
4.137223
4.315951
5.229966
3.654286

2.250055
1.793802
2.706328
3.979596
4.332362
3.428729
1.585651
4.726532
5.312771
3.717234
0.493984
0.044658
2.392733
3.048481
3.582285
0.147329

-0.548810

-0.079990
1.458881
0.685472
1.422040

-0.156741
0.750421

0.557814
-0.173281
-1.206622
-1.389895
-0.677441
0.310921
1.326631
-2.045454
-0.806606
0.883693
0.030592
-0.401265
-2.084827
-3.256089
-3.431186
-3.007493
-1.883835
0.802222
-1.877064
-2.939801
-0.640648
-2.756475
-3.910817
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5.416179
3.959810
5.867570
5.591053
5.929251
6.725059
-0.092163
1.260686
0.814114
-0.739014
1.134383
0.230818
1.705266
-0.130982
-0.406705
2.003630
1.377830
0.108036
-0.792565
-0.729535
-0.016296
0.615271
0.633730
-0.083367
1.609121
-0.702997
-2.301191
-2.930157
-2.707764
-2.583872
-3.963339
-2.496382
-2.657297
-2.984214
-4.241999
-4.493789
-4.409253
-3.029147
-1.749517
-2.931731
-2.435382
-3.254470
-2.966448
-4.435191
-4.519649
-5.615883
-4.021595
-5.285352
-2.677579
-3.233631
-2.905378

0.593127
2.044514
-0.205958
-0.763556
0.573403
-0.856599
1.388667
-0.273194
1.691390
3.374381
3.022091
1.026734
1.165195
3.866574
4.056951
3.476434
2.897969
4.930458
3.764469
1.798769
2.082174
-1.946239
-2.177990
-2.649124
-2.120983
-0.189176
3.250067
4.507615
1.888448
3.252247
4.447108
5.788150
1.669155
0.767654
3.449590
5.613220
3.511604
6.949410
5.894712
0.412568
2.467592
-0.486538
0.842716
2.408677
5.225536
2.943635
6.862047
5.547326
7.919431
-0.663200
0.272869

-0.464509
0.176144
-1.517777
-3.580983
0.491865
-1.374977
-3.279407
-3.685119
-5.545027
-4.661068
-6.214387
-6.193882
-5.201016
-6.006533
-3.870458
-5.727749
-7.271244
-5.938261
-6.862054
-2.496089
-4.392203
-1.621508
-0.554856
-2.094262
-2.043240
-1.312546
-4.575013
-5.233972
-5.207630
-3.174342
-6.198099
-4.818621
-6.604981
-4.386549
-2.628198
-6.756949
-6.496324
-5.383149
-4.043674
-7.150970
-7.292762
-4.938311
-3.309898
-1.089394
-2.120351
-3.801951
-6.357176
-7.492281
-5.056224
-6.319411
-8.224002
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-3.466718
-4.333362
-3.653327
-5.436464
-4.636468
-5.443035
-3.653929
-5.346373
-6.521720
-5.865670
-4.437602
-3.440677

-1.327038
1.335178
2.686625
2.585934
5.861792
5.292826
5.577738
2.045619
2.713226
3.782198
7.762805

-1.636541

-4.290154
-1.347124
-0.354807
-0.646181
-3.019951
-1.509543
-1.522676
-4.387627
-3.204992
-4.479361
-6.789551
-6.744982

Enammonium ion intermediate F

E(MO06-2X/6-311++G(d,p) = -1968.85589687

Number of Negative Frequencies = 0

C
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-0.615200
0.057319
-0.299705
-1.292392
-1.939056
-2.126885
0.229625
-1.548361
-2.707172
-0.395566
0.626174
1.173076
1.056740
-0.485260
-1.162065
-1.385418
-1.091930
-2.845726
-3.480660
-2.956015
-3.222090
-0.521706
2.431097
3.366445
2.711589
4.563029
3.142890
3.915961
1.996861
4.836952
5.286291
4.138585
5.775080
-1.650155

-0.248963
0.802879
2.135633
2.449618
1.421678
-0.700935
2.926980
3.486535
1.649176

-1.708552

-1.882553
0.603149
1.047667
1.048782

-1.562516

-2.275844
-3.321118

-2.263724

-2.745153

-2.811179

-1.251397

-2.307560

-0.051401

-0.415009

-0.279083

-1.014289

-0.214582

-0.870305
0.019404

-1.241710

-1.300831

-1.037934

-1.705655

-0.352885

-1.604808 0.094697 2.952941

2.025251
1.370173
1.610018
2.533227
3.215520
3.479204
1.085196
2.726898
3.948417
1.694484
1.342839
0.385940
-0.759451
-1.652327
-0.686121
0.624914
0.479718
1.078040
0.328904
2.019398
1.237163
2.603865
0.811568
-0.167181
2.166036
0.203596
-1.210684
2.533941
2.928289
1.554535
-0.553476
3.582875
1.844607
-0.940150
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-0.489954
-0.468867
-2.184907
-0.369636
-1.015916
0.499981
-1.347520
-2.200053
0.648055
-0.617409
-0.773082
-1.940932
-2.258465
-1.228840
-3.654757
-4.566906
-3.594529
-4.243627
-5.828391
-4.218792
-3.399659
-3.758488
-4.869840
-6.683012
-6.154243
-5.080549
-3.292887
-3.337535
-3.311786
-3.693060
-3.920668
-6.543699
-5.159740
-3.751610
-6.307544
-7.641773
-4.797986
-3.478997
-3.184179
-3.807961
-6.424751
-7.156619
-7.057352
-4.184666
-5.728825
-5.733498
-3.626811
-4.215926
-2.768052
-6.972594
-3.429708

-2.041883
-0.270347
1.466900
0.729298
-1.176974
-0.547270
1.880973
2.299155
1.112688
0.240124
2.769969
2.164774
0.203186
0.455444
0.956866
1.950295
-0.352084
0.627739
1.508461
3.302826
0.330307
-1.613446
1.891843
2.368972
0.492153
4.158667
3.718420
-1.515973
0.604035
-2.794579
-1.700194
2.514872
1.096263
3.354530
3.691655
2.010571
5.190310
-2.746541
-1.479062
-3.750445
3.268470
1.664342
2.995411
0.875367
1.791205
0.156255
3.969595
3.984317
3.000166
4.358376
-3.663468

-1.393836
-3.170129
-2.750206
-4.323350
-3.430252
-2.752036
-3.993732
-2.058369
-4.415339
-5.266671
-3.719300
-4.860163
-0.234154
-2.090364
-2.971220
-3.734457
-3.791556
-1.708225
-4.196154
-3.957407
-5.192619
-3.169559
-0.653896
-4.889321
-4.013301
-4.649391
-3.591209
-5.928780
-5.727538
-3.912977
-2.104062
-1.210815
1.008577
-0.316882
-5.119715
-5.240951
-4.814972
-5.289535
-6.999552
-3.418301
-2.013512
-1.572822
-0.353257
1.482947
1.659386
0.876212
-1.228594
0.469193
0.051192
-5.653118
-5.862407
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E(M06-2X/6-311++G(d,p) = -1022.9224926

Number of Negative Frequencies = 1

C
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-1.807385

-0.894686
0.156882
0.239634

-0.719539

-1.736097

-2.592473
1.048707

-0.663142

-2.473488

-1.080556

-0.123196
1.214082
0.932875

-0.245650

-1.650795

-2.077922

-2.040132

-3.519870

-4.201890

-3.819555

-3.663309

-1.465967
2.622888
3.544096
3.074315
4.892132
3.189398
4.429185
2.374400
5.333799
5.603085
4.781436
6.391999

-1.981268

-1.380008

-1.136444

-2.275330

-0.676019

-1.888423

-0.312438

-1.724818

-1.886041
0.319383

-0.608362

-1.296083

-2.540283

-0.762621
0.016310
1.397271
2.023270
1.257829
-0.697827
1.977623
3.091963
1.726843

-2.235151
-2.720237

-0.567477

-1.362448
-1.519687

-1.926133

-2.532355
-3.619757

-2.178228
-2.491634
-2.688515
-1.103131
-2.708595

-0.264231

-0.525072
0.229277

-0.271342

-0.910655
0.467180
0.393124
0.224420

-0.459511
0.836208
0.414345

-0.636519

-2.622646

-0.710864
1.292839
0.451876

-1.337954

-1.357043
1.546206
2.028600
0.805020
0.169590
2.547373
1.474003

-0.110852  2.842250

2.005743
1.471390
1.732919
2.515019
3.086864
3.311554
1.298088
2.695382
3.732006
1.729497
1.510063
0.631834
-0.320505
-0.808249
-0.762394
0.569567
0.440900
0.947753
0.150906
1.870350
1.100236
2.639428
0.841363
-0.191542
2.078609
0.006484
-1.141756
2.271265
2.892194
1.237134
-0.791512
3.228926
1.392346
-1.120025
-1.555567
-3.433955
-2.637379
-4.310413
-3.935322
-3.114233
-4.058007
-1.922942
-3.961651
-5.363392
-4.144677
-4.785871
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Iminium ion adduct E, the precursor of the Michael product 5b
E(M06-2X/6-311++G(d,p) = -1968.87401975

-2.427547
-1.722474
-3.870010
-4.342978
-4.499526
-4.121817
-5.447124
-3.691025
-4.565568
-4.938305
-5.714499
-5.834465
-6.039992
-4.082700
-2.884123
-5.058667
-4.290105
-5.432569
-4.902065
-7.181145
-5.773597
-5.950933
-5.148466
-6.677915
-3.564764
-5.489717
-5.112262
-5.768787
-7.124638
-7.226316
-8.110624
-4.935229
-6.738103
-5.678839
-6.232616
-6.767081
-5.013219
-5.453953
-5.872015

0.026967
-0.033379
1.397003
2.673657
0.065851
1.560388
2.686810
3.905961

-0.268015

-0.914496
2.060813
3.861610
1.807542
5.075600
3.976022

-1.504900
0.429339

-2.148646

-0.730275
1.191331
1.651675
3.911487
5.052102
3.849685
6.005143

-2.445389

-1.730929

-2.878263
1.218433
0.139203
1.703902
2.159392
1.994397
0.554635
4.188973
4.223398
4.427833
5.960354

-3.402187

-0.375426
-2.283234
-2.532563
-3.289179
-3.047340
-1.133043
-4.175563
-3.043047
-4.424023
-2.130230
-0.579289
-4.826174
-4.363633
-3.698835
-2.328039
-4.848272
-5.195498
-2.558896
-1.070159
-1.358469
1.241245
-0.709800
-4.595352
-5.504498
-3.500951
-3.917144
-5.905520
-1.833739
-2.460225
-1.012921
-1.036925
1.761139
1.668720
1.375269
-1.744451
-0.026559
-0.419415
-5.098462
-4.248432

Number of Negative Frequencies = 0

C

Cc
Cc
C
C
Cc
H
H

-1.857411

-0.677779
0.433441
0.350361

-0.830477

-1.937841

-2.724177
1.221086

4.173067
3.512177
4.288752
5.684115
6.322765
5.562901
3.583212
6.266680

0.164988
-0.193646
-0.561469
-0.575193
-0.207898
0.166168
0.457343
-0.865173
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-0.883857
-2.861005
-0.667732
0.352285
1.741462
2.025593
-0.450999
-1.268661
-1.247047
2.659958
3.850920
2.357183
4.726410
4.074914
3.237988
1.441294
4419111
5.650403
3.006310
5.106644
-0.390732
-0.998223
0.586028
-2.038695
1.046638
-0.829188
0.973566
1.774625
1.243801
0.167411
-1.798697
0.452997
1.966788
-0.374786
0.838675
-0.316073
-1.288999
-1.878296
-1.725622
-0.271973
-2.297238
-0.965539
-1.416272
0.420355
-1.857423
-1.384663
-1.896675
1.396014
0.756421
-3.599280
-1.775941

7.406944
6.051933
2.000219
1.607470
3.662685
3.599208
1.982331
1.451162
1.595622
3.150588
2.523118
3.288718
2.035067
2.435610
2.798922
3.786858
2.172404
1.551198
2.910901
1.792743
3.082557
1.624134
1.630649
1.312168
2.261635
1.319653
3.002608
1.443320
2.892415
2.065574
1.798072
3.954672
3.216942
2.647502
1.409039
1.675268
-0.077519
-0.453143
-0.496552
-0.475584
1.831663
-0.233065
-0.696459
-0.855189
-0.749246
-2.076298
0.189524
-1.057473
-1.228214
-0.598711
-2.543602

-0.208553
0.462096
-0.255547
-0.145830
-0.980730
-2.169880
-2.747360
-1.566872
0.582454
0.069558
-0.321195
1.429879
0.639995
-1.380140
2.390769
1.736487
1.996261
0.338672
3.445268
2.746267
-2.709378
-4.076151
-2.675405
-4.159133
-5.244157
-6.539863
-6.570282
-5.270880
-4.375367
-7.483252
-6.618551
-6.426559
-6.968311
-8.229616
-8.029927
-5.161800
-1.554337
-0.713067
-2.468854
-1.456459
-1.654854
-6.711524
-8.117880
-6.402513
-5.718061
-8.424231
-9.107760
-7.409122
-5.078992
-5.916786
-9.681093
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-1.056892
-2.291059
-2.002331
2.646152
1.195669
2.009619
0.058289
-4.289358
-4.341733
-4.264391
-2.224882
-1.738358
-2.657780
2.953385
3.378806
2.249829
-4.156225
-3.774143
-5.374058
-4.035275
-5.448081
-3.984853
-3.930187
-5.372634
-3.942499
-2.532947
3.923474

-2.794032
-0.285468

1.244833
-1.599901
-0.803399
-1.767498
-1.088184
-1.922027
-0.915279

1.064229
-1.648258
-3.602935

0.406008
-1.952838
-1.747099
-2.039130
-1.626704
-2.884545
-2.040604
-0.110938
-0.929950
-1.893358

1.301086

1.020413

1.855684
-2.011690
-2.370872

-7.682440
-10.361948
-8.921839
-7.100512
-8.441357
-4.778615
-4.265144
-7.043499
-4.232677
-6.463304
-10.650773
-9.899578
-11.109599
-5.787396
-7.883489
-3.758747
-8.102983
-6.847776
-6.844674
-3.533408
-4.311757
-3.849991
-7.491178
-6.459306
-5.756448
-11.622532
-5.551550

TS1-H,0 (Figure 5 in the main text)

E(MO06-2X/6-311++G(d,p) = -2045.23493578

Number of Negative Frequencies = 1

C
C

C
Cc
Cc
C
H
H
H
H
Cc
H
C
@)
H
C
C
H
C
C

-0.102487
0.981059
1.204863
0.283221

-0.738941
-0.932470
-0.250418
0.474970
-1.387273
-1.741266
1.561661
2.408828
2.220161
2.095816
2.964775
0.479509
0.162701
1.315884
3.497796
3.978266

2.531675
2.095442
2.891618
3.974376
4.294556
3.553007
1.980776
4.570384
5.134797
3.829665
0.877939
0.473870
2.656575
3.198889
3.236038

-0.185536

-0.506004
0.394294
1.951760
1.003009

0.758330
-0.107260
-1.317602
-1.613738
-0.784959
0.434806
1.683798
-2.499417
-1.012568
1.104427
0.171745
-0.365868
-2.235698
-3.453270
-3.927474
-2.508180
-1.204884
1.113037
-1.983950
-2.894585
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4.276893
5.212795
3.380590
5.513842
3.903518
5.980903
5.573608
6.116130
6.943708
4.426103
4.741784
5.183376
-0.112420
1.175712
0.731549
-0.634520
1.217086
0.074259
1.542413
0.059391
-0.252576
2.126049
1.446669
0.430560
-0.591852
-0.723299
-0.047235
-0.665697
0.574537
1.571015
0.559995
-0.134502
-2.202166
-2.695804
-2.695672
-2.535672
-3.749147
-2.133312
-2.674974
-3.004470
-4.203196
-4.167438
-4.280448
-2.556256
-1.373506
-3.023266
-2.411345
-3.349093
-2.964905
-5.513893
-4.611405

2.302185
0.390834
0.743550
1.698332
3.043849
0.738250
-0.356233
1.977258
0.263849
3.287522
4.103316
2.903640
0.944881
-0.812783
0.617648
2.584165
1.749768
-0.080543
0.047487
2.761660
3.359397
2.187723
1.398330
3.784747
2.594603
1.571720
1.313095
0.019173
-1.813064
-2.114822
-1.783963
-2.589081
2.608422
3.798310
1.203407
2.850132
3.691601
5.080436
0.794218
0.219535
3.211228
4.800877
2.768573
6.184286
5.238427
-0.508315
1.477691
-1.081649
0.444106
2.138453
5.014098

-0.874343
-2.685516
-3.766104
-0.673427
-0.173261
-1.573254
-3.386224
0.185456
-1.410057
-4.830922
-5.247443
-4.361326
-3.107627
-3.057925
-5.396919
-4.900307
-6.294892
-5.929891
-4.941834
-6.281309
-4.232880
-5.872369
-7.303101
-6.375795
-7.135607
-2.460709
-4.365840
-0.733499
-0.596227
-0.931715
0.494425
-0.912883
-4.871371
-5.739555
-5.313225
-3.502357
-6.678993
-5.532330
-6.667812
-4.343265
-3.081171
-7.419466
-6.839277
-6.276463
-4.779668
-7.034586
-7.458605
-4.715841
-3.286273
-3.884018
-3.364137
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-4.354805
-3.566663
-4.970654
-2.106713
-3.365257
-3.020139
-3.591390
-5.451483
-6.512905
-5.404278
-3.755747
-4.831803
-5.507499
-3.703832
-5.407746
-4.042287
-3.897081
-3.629605

IITIITIIIIIIIITIOIIOO

Intermediate H

E(M06-2X/6-311++G(d,p) = -2045.30787183

2.921602
6.043147
4.698301
7.154184
-1.443812
-0.794215
-1.814251
1.104971
2.549011
2.124611
5.642407
5.194456
5.282457
3.636722
3.073305
1.883764
6.900628
-2.453408

-1.243895
-7.225119
-8.137777
-6.107181
-6.060647
-8.078536
-3.956840
-3.488659
-3.632049
-4.982118
-3.042266
-4.434320
-2.768144
-0.702611
-0.929679
-1.007215
-7.796878
-6.347340

Number of Negative Frequencies = 0
C -2.203643 3.849615 0.108026

-3.214229
-3.037806
-1.190061
2.296028
3.440646
2.140910
4.408725
3.564293
3.120269
1.263242
-0.965606
-0.074781
-0.442676
-1.678931
-2.562104
-2.900901
0.272480
-1.941693
-3.525977
-0.688147
0.378735
1.294361
1.601248
-0.760881
-0.400549
-1.192687
-0.935297
-2.703490

OTOOIOOIOIIIITOOOOOIOITIOOOOIIIT

0.738086
2.024986
1.535726
3.276577
2.661393
3.395856
2.148282
2.602444
2.896126
3.889604
3.337184
4.220794
5.552358
6.035690
5.176560
3.187174
6.219531
7.075780
5.539739
1.862720
1.674870
3.838501
4.055387
5.371365
1.223316
0.950309
-0.073234
1.017444

-0.513060
-1.706610
0.826661
-0.476497
-1.000531
0.911104
-0.146030
-2.078043
1.763493
1.320316
-0.298338
-0.939024
-1.177524
-0.764505
-0.113389
0.616016
-1.654377
-0.930890
0.229735
-0.091057
0.054668
-1.414351
-2.587892
-4.525108
-2.495508
-1.245682
-0.940628
-1.439491
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-3.025876
4.247982
5.292575
3.006658
5.008037
0.007018
0.547910

-0.061094

-0.902401
0.657690

-1.933427
1.337729

-0.669045
1.841422
1.393604
1.839490
0.587632

-1.375499
2.474811
2.444713
0.534755
0.641514

-0.104897

-1.409789

-1.870832

-0.442898

-2.529755

-2.330910

-1.896129
0.590947

-0.577546

-4.032876

-2.754936

-2.366832

-2.324248

-1.603573
1.470661
0.712247
0.308060

-1.354204

-5.047299

-5.059505

-3.906706

-2.747329

-3.097703

-2.334494
1.333304
2.258094
0.198422

-4.681194

-4.987211

0.321541
2.266425
1.666423
2.999684
1.873037
4.799276
4.833844
3.157810
1.769030
0.968280
2.096008
1.681613
1.891006
1.978471
0.623696
2.265238
2.217238
2.703425
2.867429
1.146576
3.277543
1.675730
2.103036
0.525025
0.291885
-0.621553
0.430912
-0.990514
1.316883
-1.024486
-1.322232
1.274212
-1.246324
-1.796015
1.053813
2.328878
-2.052289
-0.559831
-2.347451
-1.074124
0.392704
1.215212
3.088741
-0.226264
-2.236005
1.848396
-2.709016
-2.343406
-2.862241
0.652021
-0.703251

-2.220188
1.236168
-0.552057
2.837983
1.904497
-4.666690
-3.846021
-4.734416
-3.598092
-2.444690
-3.682202
-4.764056
-6.194666
-6.177260
-4.504540
-3.990289
-7.051136
-6.313190
-6.179465
-6.544702
-7.311129
-7.992991
-4.777914
-6.428939
-7.889637
-6.053644

-5.541525
-8.268329
-8.863742
-6.931331
-4.830475
-5.902998
-0.574537
-7.545580

-10.168123
-8.630684
-6.583039
-7.898667
-4.488893
-4.120162
-7.204719
-4.345570
-6.346422

-10.524796
-9.847246

-10.903020
-5.361285
-7.266153
-3.543082
-8.217173
-7.045376
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-6.105262
-4.604072
-6.086662
-5.102076
-3.413297
-4.930536
-3.351494
-3.080137

2.017010

0.715339
1.872788
1.572300
0.173039
3.217976
3.510121
3.633725
-0.424888
-3.504212

-7.122252
-3.579302
-4.564431
-3.968158
-7.328821
-6.412922
-5.555411
-11.535302
-5.093761

TS3-H,0 (Figure 5 in the main text)

E(M06-2X/6-311++G(d,p) = -2045.265914

Number of Negative Frequencies = 1

C
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-1.661763
-0.415869
0.724132
0.621739
-0.625602
-1.773375
-2.561913
1.525211
-0.702917
-2.753724
-0.366006
0.666152
2.086274
2.534937
0.189483
-0.249507
-1.011746
-0.892038
2.879354
4.138166
2.383892
4.888743
4.509035
3.140589
1.414082
4.388586
5.862089
2.762598
4.978560
0.713958
1.606533
0.171393
-0.937759
0.785835
-1.995745
1.001889
-1.090126
1.292919

3.431141
2.790134
3.602132
5.002401
5.611993
4.816857
2.823244
5.605948
6.694629
5.280431
1.280787
0.914692
3.039869
3.198987
4.479617
1.062447
0.703895
0.874100
2.372204
1.842636
2.252242
1.196446
1.947316
1.601046
2.670894
1.074438
0.785683
1.504724
0.566217
3.755364
3.587798
2.879359
1.341219
0.720954
1.531779
1.211967
1.827491
1.688612

-0.191904
-0.261255
-0.333093
-0.338821
-0.269655
-0.202247
-0.134099
-0.396133
-0.261773
-0.150199
-0.327024
-0.259213
-0.606354
-1.762146
-2.854776
-2.864561
-1.604800

0.546510
0.419658
0.086527
1.728369
1.057378
-0.928379
2.694225
1.983909
2.357796
0.808762
3.706731
3.114825
-3.255672
-2.615857
-3.131220
-4.019730
-2.907848
-3.880172

-5.432299
-6.564451
-6.845470
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1.238642

1.559829
-0.004209
-1.110003

1.465556

2.165267
-0.048370
-0.009565
-0.442007
-1.136095
-1.715232
-1.629921
-0.145992
-2.026341
-2.546695
-3.197478
-2.481620
-3.423808
-4.450779
-2.626108
-2.173837
-2.762451
-3.808325
-5.075065
-4.941651
-3.258399
-1.733249
-2.122841
-1.965337
-2.703784
-3.035820
-4.185024
-5.385196
-2.551619
-4.475345
-6.027288
-2.811409
-2.383031
-1.881127
-2.913846
-3.245382
-4.876203
-4.679265
-5.215381
-5.692569
-6.184702
-1.577960
-2.930648
-2.419529
-4.962198
-2.342234

0.147377
1.781410
1.338974
2.920340
2.770789
1.196904
1.784641
0.255553
1.419358
-0.821190
-1.096808
-1.245955
-1.284860
1.120255
1.270706
1.644784
-0.275486
1.692388
1.077296
2.551431
-1.065936
-0.950448
3.395587
1.357246
0.404417
2.830140
3.109372
-2.459677
-0.604439
-2.343885
-0.411487
4.407053
3.409653
4.320388
2.226637
0.900629
3.532705
-3.097662
-3.046172
-2.840051
4.669081
3.855275
5.350309
2.884160
4.456772
2.890278
4.395516
5.347147
3.816914
2.446962
-4.177279

-5.291635
-4.678543
-7.565863
-6.614679
-6.854311
-7.280967
-8.557619
-7.690747
-5.269207
-1.472703
-0.584426
-2.351746
-1.388011
-1.688940
-6.776441
-8.129098
-6.690879
-5.729940
-8.453380
-9.052189
-7.824951
-5.478885
-5.508211
-0.671292
-7.761170
-10.267200
-8.825328
-7.739177
-8.781788
-5.399779
-4.583851
-7.036634
-4.509485
-4.468101
-10.581100
-9.908051
-10.958887
-6.527255
-8.616052
-4.460737
-7.560337
-7.705058
-6.725491
-3.547258
-4.309986
-5.076840
-4.988506
-4.285309
-3.489220
-11.522234
-6.462871
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E. X-ray Crystallographic Data

Single Crystal X-ray Diffraction Data for Compound 6

X-ray structure determinations: Crystals of compound 6 were obtained by slow diffusion of hexane
into a saturated diethyl ether solution. Measurements were made on a Rigaku XtalLab P200
diffractometer equipped with a Pilatus 200K area detector, a Microfocus-HF007 rotating anode with

Moy, radiation, Confocal Max Flux optic and a Cryostream Plus low temperature device (T = 100K).

6

Table S2. Crystal data and structure refinement for 6 at 100 K: CCDC 1417311

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =36.340°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Flack parameter

Largest diff. peak and hole

LD412
C19H17BroO
341.23

100(2) K
0.71073 A
Orthorhombic
P2(1)2(1)2(1)

a= 8.9793)A o= 90°,
b= 9.238(3)A B =90°.
c = 18.493(7)A y= 90°.

1534.0(10) A3

4

1.478 Mg/m?3

2.680 mm-!

696

0.20 x 0.20 x 0.20 mm?

2.464 to 36.340°.
-14<=h<=14,-15<=k<=14,-29<=1<=28
14288

7112[R(int) = 0.0402]

98.4%

Empirical

0.616 and 0.474

Full-matrix least-squares on F2
7112/ 0/ 192

0.832

R1 =0.0299, wR2 = 0.0542
R1=0.0476, wR2 = 0.0566

x =0.059(7)

0.846 and -0.458 e.A3
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G. NMR Spectra
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H®-H! COSY analysis of compound 5a
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'H-'H COSY analysis of compound 5f
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'H-'H COSY analysis of compound 5h
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'H-'H COSY analysis of compound 5t
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'H-'H COSY analysis for compound 5u
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'H-'H COSY analysis for compound 5W
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H. HPLC Traces

Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method
(Hexane : i-PrOH, 85:15), flow rate 1.0 mL/min; A = 254 nm

Racemic sample 5a:

CADT A, Sg=254 4 Fef=c (LICANDT30 0
el 7]
* COPh
25
] o]
20 Et H
] 5a
5_ ]
. - - /.- '\\-__'_ /,-' \\ ]
l|2 l|3 1‘4 1‘5 1‘5 rmiry
Peak RetTime Type Width Area Height Area
4 [min] [min] [MAU*s5] [MAU ] %
-~ | _______ |1 === | _______ |I=—=====—-=--- |I======—-=--- | === |
1 14.13% EB 0.2515% 155.47308 12.01039% 51.4076
2 15.524 BB 0.2792 184.7684¢ 10.30286 48.5%24
Enantioenriched sample 5a (0.2 mmol reaction scale):
CADT A, Sig=254. 4 Fef=ct (LA
AL
&0 COPh .
wk
g 4
B oo
o Ty
50| f \
Et H {1
5a II |I
II II
40 || |I
| |
|I '.
| i
20+ I| 'II o
" b4 &
a _/"'. M . . ,-'ﬁ___
1‘2 1‘3 II4 1|5 1IE miry
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 5] [mAU] %
T | _______ === | _______ |- - -~ I\—— - = - |
1 14.274 MM 0.2757 1051.20886 63.54309 94.8604
2 15.833 MM 0.2934 56.95524 .23578 5.13%9¢6
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method
(Hexane : i-PrOH, 85:15), flow rate 1.0 mL/min; A = 254 nm

Racemic sample 5a (Lmmol reaction scale):

CADT A, Sg=254 4 Ref=oft (LUCAILD T30 0)
mAlLl 7]
20 COPh
25 0
20 Et H
5a
15-] ]
10 F ;—\
i - J 'x\__ . L/,x' N ]
1‘2 1‘3 1‘4 1‘5 1‘6 iy
Peak RetTime Type Width Area Height Area
* [min] [min] [MAT*S] [mAT] %
T | _______ === | _______ I\ - == I\ - - == I |
1 14.139 BB 0.2519 195.47308 12.0103% ©51.407¢
2 15.524 BB 0.2792 184.7684¢ 10.30286 48.5%24
Enantioenriched sample 5a (1 mmol reaction scale):
DADT A, Sig=254.2 Ref=off (LUCA\LD473-CHIR-BIS.C)
mall
] COPh
&0
1 0
i Et H S
B0 5a g &
: N
1 III I|
A0 I| |
4 | ]
i ||I I|I
4 | 'I
20 |I |
] g &
1 / . =
04 = e — [ ——
12 1 13 1= 15 i
Peak RetTime Type Width Area Height Area
% [min] [min] [MAU*s] [mAU] %
-0 | _______ I === | _______ |- - ——-"=-- - —————- - |
1 14.609% MM 0.2895 927.21368 53.37656 96.491¢6
1.77991 3.5084

2 16.020 MM 0.3157 33.7134¢
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method

(Hexane : i-PrOH, 85:15), flow rate 1.0 mL/min; A = 254 nm

Racemic sample 5b:

DD A, Sig=254.4 Ref=off (LUCANLD300.0)
mqu":
175 COPh
'5'3'-5 o)
125 ] Me H
] 5b
100
] l..r'""\..l .-;‘1
E‘:I_: ! l'l .'. '\._lll
25 _; Ill-l-"\\ f.lllll .l.l\'\
o] S S~ S
105 1 115 1 125 1 13s 14 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MATU*s] [mAU] %
- == | _______ === | _______ | === |I="=—==—-—-—-= | === |
1 11.5%71 BB 0.2273 57.540 ©7.15819% 50.0027
2 12.795 BB 0D.2453 997.43158 62.79693 49,9973
Enantioenriched sample 5b:
DADT A, Sig=254 4 Ref=off (LUCALDZN0.O)
mALl -
500
- \‘_)‘
1 COPh 5 &
£00 - —a
] 0 .'Iﬂ."
] Me H [ \
300 § |
5b II |I
] II I|I
T ] |
200 | |
4 | |
- | 1
] | |
mc:-—: .'II I".I . éﬁ\;?
] S
[1] i -/.l. \‘-—— _|_-"'/ ‘H\ —
105 11 15 12 1ls 15 135 1 i
Peak RetTime Type Width Lrea Height Area
i [min] [min] [MAU*s] [mAU] %
-0 | _______ === | _______ |\ - - |\ - |\ |
1 11.%47 MF 0.2520 5831.54297 385.6761 89.6108
2 12.773 FM 0.2735 676.09412 41.2024 10.3892
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method
(Hexane : i-PrOH, 90:10), flow rate 1.0 mL/min; A =215 nm

Racemic sample 5c:

LAl i, g 12,8 Hfeo® {LUCALLEIEE L)

—A.Ll-
] COPh
¥ o}
] _‘;3"
) H B L -’.;*
"‘j‘ 5¢c ,ET? i’f‘l
A= I'I \ If"n,l
iz II I|I |'I Y
| § |
] | | .'I \
10 II I-II !
R / \5__ o \____
4 1I.5IIII1I!-IIII1:'!-I ‘I'. C !-!J!-IIII!-I!-IIII!-I'tIIIIItIIIISEJ‘tIIII-u
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s5] [mAU] %
____| _______ I____l _______ |I—— "= |I—— == =" |
1 4,758 MM 0.1114 301.31821 45,0700% 50,3551
2 5.385 MM 0.1245 297.06821 39.7797% 49,6449
Enantioenriched sample 5c:
LAl ©, Bdg=il 15, Hofeol |LLICAMLLISE L)
_m_
e
COPh
- nl'lf
] Q E_.;.:
5 H I.'h'.‘l
5c [
i ]
= III |}
|
“ 4 | A
16 E‘ = .l' \\\\.___
—_ = Y, —
A T T |T-_ T ---_'-_- |_ T L T T T T L
4 435 45 415 5 L] a5 irns B3 rar
Peak RetTime Type Width Area Height Lrea
* [min] [min] [MAU*s] [mAU] %
____l _______ I____| _______ |========—-= | === | =======" |
1 4.770 MM 0.1223 12.10833 1.645%6¢6 Z2.1241
2 5.372 MM 0.1718 557.%2¢70 54.1178% 97.8759
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method
(Hexane : i-PrOH, 90:10), flow rate 1.0 mL/min; A = 254 nm

Racemic sample 5e:

DAD1T A, Sig=254 4 Ref=of (LUCALDZFTRACD)
mAL ]

] COPh

40 -
] o
] H

30
i 5d z

20 I" I'| I."l "-,
i | I| | ':I
1 {1 [

10 |II I'. 'II II'-.

0_-_ — T — ' "\-—.‘_I.L.I \—.—— ————— —
g a5 T 75 i g5 4 ds i
Peak RetTime Type Width Area Height Lrez

& [min] [min] [MAU*S ] [mMAU] %
-0 | _______ I | _______ I\ - == I\ - === |- === |
1 7.794 BB 0.1610 255.8039%96 24.67247 48.0334
2 8.415 BB 0.1821 276.75043 23.05053 51.9¢666
Enantioenriched sample 5e:
DADT A, Sig=254 4 Ref=off [LUCALDZ7eCHIR.D)
maLl ]
] 2
350 COPh o P
] e
300 o) I,-*.I
4 1
i H II |
250 | |
] 5d |
] o
200 - {1
] [
] .
150 | ||
] | {
1-:||:|—: || \
] | B
] II I|I - .,;Pﬁb
. | \ G

50 ] III .\ Eﬁ!‘zﬂ
1 / N

" T - - I - - 1 T T T T 1 T T T
[ a8.5 T 7.5 a B.S El 95 mir]
Peak RetTime Type Width Area Height Area

F [min] [min] [MAU* 5] [mAU] %
- | _______ |I——== | _______ |I=—= === |I=—=====---- | === ===
1 7.866 MF 0.1807 3335.17310 307.64209% 90.7485
2 8.495 FM 0.2002 340.00772 28.30513 9.2515
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Condition: HPLC analysis on a Daicel Chiralpak IC column using an isocratic method (Hexane

. i-PrOH, 85:15), flow rate 0.9 mL/min; A = 254 nm

Racemic sample 5e:

DAD1 A, Sig=254,3 Ref=off (LUCAILD326 D)
mal ]
140
1 COPh
120 O o
] H
100
] O 5e &
B0 g & o
] e’ ’,i?ﬁ
%] A
4 ,II |II .'I II',
20 f \ : '
] / ! N,
. S N L/ N
15 11 115 12 115 13 s 1 1ds i
Peak RetTime Type Width Area Height Area
# [min] [min] [MATT*s] [MAT] %
- |———= | === | —————————= | —————————= | ———————=
1 12.1%¢ MM 0.2750 1052.587473 ©3.80602 50.2241
2 13.497 MM 0.3035 1043.5788¢ 57.30347 49.7759
Enantioenriched sample 5e:
DAD1 A, Sig=254.4 Ref=off [LUCANLD225.0)
m%G
aDo— I COPh
?DD—f o)
] " 5
500 H i,gﬁ
] )
-4 |©
] 5e { x
200 f I',
] |I |
GDD—: III I|I
] { x
200 | \
E I'I I|I - \.;\GP
. III .". oo
g / \\ £f$
0] — S e ' T T T
105 11 ils 12 125 12 115 14 145
Peak RetTime Type Width Lrea Height Area
i [min] [min] [MAT*s] [mAT] %
-0~ | _______ - | _______ |\ === =" |\ === =——"——= | = === |
1 12.59%2 MF 0.3215 1.05820e4 548.56342 89.98¢6

2 13.933 FM

0.366l 1177.53223

53.60737 10.0134
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method
(Hexane : i-PrOH, 91:9), flow rate 0.5 mL/min; A = 254 nm

Racemic sample 5f:

DADT &, Sig=254 .4 Ref=ott (LUCAWLDZ72.0)
maL ]
175 COPh
15—5 o]
] H
'25—_
E 5f g
107 =
: Ilnll
?5__ I| II 3
] o ]
] I A
5 { II [\
] |I | |II A
25] i / |
] | | f I'._
o3 SN SN
17 18 18 2 2 P Za 34
Peak RetTime Type Width Area Height Lrea
# [min] [min] [MAT* 5] [mAU] %
____l _______ I____l _______ |- - =—- |- - = | == - |
1 Z20.068 BB 0.2926 85.21207 9.97773 49,0140
2 22.322 BB 0.4069 }2.66386 7.23025 50.9860
Enantioenriched sample 5f:
DADT A, Sig=254 4 Ref=off (LUICAND2T1.0)
mall
160
] COPh
14'3'—_ &
] g4
120 Q E.esb“q’
] H |'.I'I
100 - I
1 5f II |
80 | I|
] o
] [
B0 .
] [
40 || I
] | 'I .
m__ |II I| = -\\:‘\@
] / . 8 .
] /] o
04— T e M e .
17 18 18 o 21 & & 24
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s3] [mAT] %
____l _______ I____l _______ |- -—-=-- |\ == - - = |- |
1 20.079 FM 0.3323 2273.84302 114.0358¢ 94.2805
2 22.334 MM 0.4458 137.9%4115 5.15714 5.7195



Condition: HPLC analysis on a Daicel Chiralpak ID-3 column using an isocratic method
(Hexane : i-PrOH, 87:13), flow rate 0.9 mL/min; A = 254 nm

Racemic sample 5g:

DADT A, Sig=254.4 Ref=clt ([LUCATDEIE I
maL ]
35_ COPh
] .
2] A\ 2
1 [ '
] | { A
1 N ,'I |'lI I'.
154 ] | f 1
: sngZ |'I ! Inl
: |II III
10 ! \ |
] | | \
l:l_:_ B R \‘_\__ +__/ \___
-5 . T T T T T T T
12 2 14 16 17 min
Peak RetTime Type Width Lrea Height Area
¥ [min] [min] [MAU* 5] [mAU] %
-0 | _______ === | _______ I—— == - - I—— =" |
1 13.91¢ BV 0.4223 ©575.031898 21.07978 49.1767
2 15.324 VB 0.476% 594,28571 19.¢€4478 50.8233
Enantioenriched sample 5g:
DADT A, Sig-254 & Fe=off [CUCAILDEIT )
maU ]
. COPh
200+ ]
] ] A
150 - N \
: sngZ ||
] f \
i 1
100 - / |I
- | I|
- I|I II
50 |
o T : / A .
T T T T T T T T
12 12 14 18 17 iy
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 5] [mAU] %
=== e |- === |———===— | === |
1 13.750 BV 0.415¢ 299%.13678 11.20061 5.4¢€7
2 15.132 VB 0.4645 5172.23%75 175.13730 94.532
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Condition: UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from
100% CO? to 60:40 CO*:ACN), flow rate 2.00 mL/min over 5 min; A = 248 nm

Racemic sample 5h:

LD852 b1 Sm (Mn, 2x3) Diode Array
353
4 3926 Range: 7.957e-2
6.0e-2- COPh . Area
3.17 Time Height Area Area%
E 2991 317 80248 209120 4325
5.0e-2 (0] 353 75512 392551 56.75
4.0e-2 O H
5h
.2 3.0e-24
2.0e-24
1.0e-2
E f\
0.04 ‘.‘I I‘.
T ] _/."
-1.0e-24 — - -
250 | 240 | 260 280 300 320 | 340 | 360 380 400 | 420 = 440 460
Enantioenriched sample 5h:
LD854 b1 Sm (Mn, 2x3) Diode Array
248
Range: 5 836e-2
4 0e-29 Area
Time Height Area  Area%
R 3.18 53027 228217 897.01
3.08.2 3.53 1514 7026 299
20827
2
<
1.0e-2
0.04
-1.0e-2]
T T T T T T T — Time
220 240 260 2.80 3.00 3.20 340 360 3.80 4.00 420 440 460
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Condition: UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from
100% CO? to 60:40 CO*:ACN), flow rate 2.00 mL/min over 5 min; A = 248 nm

Racemic sample 5i:

LD&75rac Diode Array
296 -
1 COPh 17870 1%‘5100 Range: 3.973e-1
E Area
Time  Height Area Area%
E (¢} 295 394037 1787047 4806
3.0e-1 3.50 367236 1931045 51.94
H
2.5e-14 .
E F 5i
2.0e-1
2 E
1.5e-1
1.0e-14
5.0e-24
0.0
T T T Ll RARAS RRAAS K T
240 250 260 270 3.50 370 380 390
Enantioenriched sample 5i:
LD876ichir Diode Array
2.96 248
3.0e-1 CcOoPh 14273 Range: 3.235¢e-1
Area
g o Time  Height Area  Area%
2 561 296 319631 1427257 94.29
e 350 15762 86379 AT1
St
2.0e-1 F 5i
2 1.5e-1H
1.0e-1
5.0e-2-
E 3.50
864
0.0 N .
T T T T T T T Time
240 250 260 270 290 3.50 370 380 390
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Condition: UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from
100% CO? to 60:40 CO*:ACN), flow rate 2.00 mL/min over 5 min; A = 247 nm

Racemic sample 5j:

LD870rac pMe Sm (Mn, 2x3) Diode Array
323 a7 247
17855 S Range: 3.826e-1
COPh 18409 Area
= Time  Height Area Area%
3.0e-1 3.23 379434 1785514  49.24
: (e} 371 350926 1840927 5076
2 5e-14 O H
2.0e-14 Me’ 5j
>
= 3
1.5e-1
1.0e-1H
5.0e-2
0.0
T T T T T
270 2.80 290 3.00 310 3.20 330 3.40 3.50 3.90
Enantioenriched sample 5j:
LD874chir phe Sm (Mn, 2x3) Diode Array
323 247
E 1144 Range: 2. 424e-1
Area
E COPh Time  Height Area  Area%
1.75%e-1 323 239372 1114423 9396
o 371 13969 71599 604
1.5e-1
1.25e-1 O H
2 o] LME 5i
7 5e-2
5.0e-24
25e-2 371
E 716
0.04
T T T T T T T T T Time
270 280 2490 300 310 320 330 340 350 360 370 380 3.90
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Condition: UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from

100% CO? to 60:40 CO*:ACN), flow rate 2.00 mL/min over 5 min; A = 247 nm

Racemic sample 5k:

LD858furRac Sm (Mn, 2x3) Diode Array
2386 299 247
16683 17073 Range: 4.187e-1
E COPh Area
3. 5e-1 Time  Height Area Area%
’ 286 412725 1668316 4942
0 299 409871 1707305 50.58
3.0e-14
A
2 5e-1 \ H
(¢]
E 5k
2 2.09—1_
1581
1.0e-1
5.0e-24 N
/ ﬂl‘
0.04
2200 " 230 T 260 280 300 | 320 340 3.60 3.80
Enantioenriched sample 5k:
LD857Chir Sm (Mn, 2x3) Diode Array
) 286 247
22014 Range: 5.64e-1
Area
COPh Time  Height Area Area%
286 558325 2201357 9482
o 299 32118 120158 518
4 0e-1
N H
\ (¢]
.2 3.0e-1 5k
2 0e-1
1.0e-1
299
E 1202
T T = ; ; Time
2.20 2.40 2.60 2.80 3.00 3.20 340 3.60 3.80
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Condition: HPLC analysis on a Daicel Chiralpak IC column (55:42:3 hexane:iPrOH:DCM),

flow rate 0.90 mL/min; A = 254 nm

Racemic sample 5I:

SALT A, Eagmas A M=o [ LUGR LS L]
..'qu_
T COPh
i
MeO o}
5
5l ) &
.
4 g B s
3 4 o
i 2 !
|l;"' II !
Fin { | [
(Y | Y
S e —
i~ - —— ——_— 1
y 10 i 1 18 ) e
Peak RetTime Type Width Area Height Lrez
i [min] [min] [MAU*s] [mAU] %
T | _______ I === | _______ I\ " |- - - I == - |
1 10.834 MF 0.2627 3%6.707598 25.16487 39.2056
2 11.827 FM 0.3300 ©15.15887 31.065%3% ©0.7944
Enantioenriched sample 5I:
Dl A&, Eag=atd 4 Maf=of (LICA Dass L)
nal]
.’_.._:
] COPh
]
] | Meo 0 e &
] @ g
] si " N
- i II
Ltn [
4 [
i o
] F
1 | Y
q:-: II y =] hi}q‘
] AN B4
] R y — o
il T — T T T T T T T T T T T T T T T
L il m i2 13 4 L
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*s5] [MATT] %
-0 | _______ === | _______ |- - == \—— == I |
1 10.84% MF 0.2668 1520.20410 94.%6627 94.8877
2 11.830 FM 0.3703 81.%0472 3.68627 5.1123
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Condition: HPLC analysis on a Daicel Chiralpak IA column (96:2:2 hexane:iPrOH:DCM),

flow rate 0.70 mL/min; A = 254 nm

Racemic sample 5m:

CALT A, Gigeaos, 4 M=o | LA 0S50 )

. Br COPh
1 o ~
N H f\ (Y
“] 5m [ F
o o A _ N~
T T T — T LN L LR B T T L B
1] s 11 15 12 35 13 13E & 45 il
Peak RetTime Type Width Area Height Area
% [min] [min] [mAU* 5] [mAU] %
____l _______ I____l _______ |\— - - - - == - - |
1 12.251 BV 0.2981 1040.5 6 54,1644 4 643
2 12.811 VB 0.3040 1142.52320 57.46643 52.3357
Enantioenriched sample 5m:
B COPh B
I- l.'/_\l
O IIII Illlll
5m /
: ¢/ N
S e —
T L L A N A | T [ Tt Tt [ T
a s L] 12 25 1 138 1a fri
Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [MAT*s] [mAIT] %
I | ———=]=====—- | —===—===== | —————————= |- |
1 1z2.044 MF 0.2597 95.76341 6.14630 3.1000
2 12.521 FM J.3246 2953.40112 153.708%4 56.9000
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Condition: HPLC analysis on a Daicel Chiralpak IC column (85:15 hexane:iPrOH), flow rate

1.0 mL/min; A = 254 nm

Racemic sample 5n:

CALT A, Cigraod, 4 M=ol (LA D 555 0]

L]
] COPh
]
=] [ me 0
“ M H 4 “ﬂh .
= n - o
:«.E P.,a'f' W
4 K
'u-: | I': f ".I
I . \ \ / M
T T T T T T T T T T T
18 1t 13 i 1% Ll il
Peak RetTime Type Width Area Height Lres
g [min] [min] mAU*s mAlT] %
- |- | ———= === | =====——=== | ————————=| ===
1 11.631 MM 0.2320 252.%445¢ 18.17225 50.27%9¢6
2 14,728 MM 0.2%9&7 250.130%94 14.04841 49%.7204
Enantioenriched sample 5n:
Al &, Bige ot & Mai=of UICAN D582 ]
COPh
A
Me’ (e} ; 'ig..'
Hl 2
5n [
I|I III
|I I'I
)
[ = §®
I M 5
T T T T T T
L] 1 2 13 e 1% » i
Peak RetTime Typs Width Erea Height Lrea
4 [min] [min] mAU* s mAT]
- |——=1-==—=—- | —===——===- | ————————- | ———===—= |
1 11.620 MM 0.231% Z29¢.05478 21.27299 94.83Z2¢
2 14.725 MM 0.2977 16.1317%9 5.03017e-1 5.1674
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Condition: UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from
100% CO? to 60:40 CO*ACN), flow rate 2.00 mL/min over 5 min; A = 248 nm

Racemic sample 50:

LD877rac Diode Array
227 251 248
Range: 2 112e-1
E COPh Area
1.75e-1 Time  Height Area Area%
E 227 202872 1383001 4369
1 5o FsC o 251 208074 1457267 5131
1.25e-1 O
w2 10ed 50
7.5e-2
50e-2
25e2
0.0
120 140 160 180 280 | 300
Enantioenriched sample 50:
LD878chir Diode Array
227 248
1 51882 Range: 7.361e-1
Area
COPh Time  Height Area  Area%
6.0e-1 207 733654 5188245 9857
250 11798 75128 143
1 FiC o
5.0e-1
L 40 O 50
< 4
3 0e-1
2.0e-1
1.0e-1
250
751
0.0+ ; e , - - Time
1.20 1.40 1.60 180 2.00 220 240 2 60 280 3.00
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Condition: HPLC analysis on a Daicel Chiralpak IC column (97:03 hexane:iPrOH), flow rate

0.8 mL/min; A = 254 nm

Racemic sample 5p:

TADT &, Sig=25% 2 Ref=of [LUCALDATO.D)
mAL ]
700 0
=1 L Q
] 0 Br
500 g
. H .
] Sp '_I :me
400 - ,'l =
] i1 i
] { ! M
200 [ a
] | I| II I|
200 I [
] o I
] | | | |
] | | |
100 o |
] | 4 J |
o] e L N St M
11 2 O "~ " s 17 1 "rrin
Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] mAU*s5] malT] %
-l e el Kt | ——==———- |
1 14.109% BE 2420 &801.81104 435.8%511 50.2453
2 15.8%7 BB 0.2758 £735.38B525 378.12573 45.7547
Enantioenriched sample 5p:
DADT A, Sig=2t4, = Ref=off [LUCATCE0E0)
maLl ]
i O
EN Qs
] 0 Br
200+ 5 H q§=\
] P g A
i -
150 f\
4 | |I
] |
E |
i | |
100 - || [
b |
4 I| |
i | { oo
- | )
1 v L -
o]
T LI N N R B S B I B B R S e R — T T T T T T T T T T T T T
11 12 13 14 15 18 17 i3 rrin
Peak RetTime Type Width Lrea Height Lrea
t [min] [min] mAlT*s ] mAl]
=== e [ | === | === |
1 14.00& MM 0.2600 218€.09%985 140.12781 95.552&
2 15.75%4 MM 0.2578 101.75038 5.65487 4.4474
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column 85:15 hexane:iPrOH flow rate

1.00 mL/min; A = 254 nm

Racemic sample 5Q:

DaD1 A, Sig=254.4 Ref=off (LUCAND470.D)

mal ]
] 0O
i GCQs
] o OMe . o
- = oA LA
i H o &
- 50 i z S
] / II| Eksa?
4 II ! T
i [ F
20 i [
4 | |I \
] II II | \
4 | I. | \
- | l { |
10 { | I|I 1
] _."I l.'\ __."II I.'\
o B . A M vy S
17 18 a & & - & s 25 i
Peak RetTime Type Width Lrea Height Lrea
¥ [min] [min] mAlT* g mLlT] %
== e [~ e |-~ |
1 Z20.231 MF 0.4230 12.05621 28.05388 50.04%7
2 22.714 FM 0.4810 10.64130 24 .62222 495.8303
Enantioenriched sample 5q:
DD A, Sig=254.4 Ref=off (LUCA\LD4E0.0)
mal ]
120 i 0O
e (O
] O OMe
o s g &
T q L
] B
i Ry
50 {4
— |I II
] [
40— | |
| |
] | |
] | |
2':'—_ III '.I - §5!;\
/ | g
A S L
e T T
17 18 5 2 21 P & 24 5 mi
Peak RetTime Types Width Lrea Height Lrea
# [min [mimn] mAlT*s] mAll] %
|- [ === === [-=======- [-—=——== |——===——= |
1 Z20.305 FM 0.4264 1672.75500 63.38%972 92 .2530
2 22Z.8B2Z4 MM 0.4887 140.46997 4.75%073 7.7470
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Condition: UPC? analysis on a Daicel Chiralpak IC column using a gradient method (from
100% CO? to 60:40 CO*:ACN), flow rate 2.00 mL/min over 6 min; A = 283 nm

Racemic sample 5r:

LD983rac Diode Array
o 378 419 283
. Range: 5.183e-2
Area
3.0e-2 Time Height Area  Area%
3.78 47425 233624  47.36
419 48922 239629 5264
2 0e-2
2 10e2]
0.0+
-1.0e-2
T T T T T T T
3.00 320 340 360 3.80 4.00 420 440 460 4.80 5.00 520
Enantioenriched sample 5r:
LD985chir Diode Array
3.78 282
o 11456 Range: 2.26%e-1
Area
Time  Height Area Area%
1.75e-1 Q 3.78 222701 1145583 95.18
420 10671 57971 482
1.5e-1 o OMe
1.25e-1 Ph H
5 5r
L = 1.0e-1
7.5e-2
5.0e-2
2.5e-2
0.04
§ T T T T T T = Time
3.00 3.20 340 3.60 3.80 4.00 420 4.40 4.60 4.80 5.00 3
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column using an isocratic method

(Hexane : i-PrOH, 98:2), flow rate 0.7 mL/min; A = 254 nm

Racemic sample 5s:

DAD1 A, Sig=254 4 Ref=off (LUCAILD916.D)
mAU]
500 o
400 O Q 2
o F g
o Ph H 1
1 5s 1 g
200 [ g
1 I N
I M
1004 [ /A
] I i\
] ~ J \_ _ \
o T T 7\77 T T 7_\7/ —= T — T
10 125 15 175 20 225 25 275 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e | === | == | —mmmm - | —mmmm - |- |
1 14.090 BB 0.2859 6020.34180 319.47778 50.0292
2 25.089 BB 0.5203 6013.30566 177.03926 49.9708
Enantioenriched sample 5s:
DAD1 A, Sig=254 4 Ref=off (LUCA\LDS15.D)
mAU]
&
500-| (0] 8 <S'55@
R
ool
g F I
300 |
Ph H | |
5s [
200 I
[
‘ o
100 ,“ “.“ o rﬁf‘é"
/A &&"’
e - T T \7 T T T — -\ = T
10 125 15 175 20 25 25 275 mir
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
el B | ===~ === [ === | —=====———= | === \
1 14.092 MM 0.3268 8535.05664 435,25729 95.6589
2 25.192 MM 0.6158 387.32693 10.48334 4.3411
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column (85:15 hexane:iPrOH), flow rate

0.8 mL/min; A = 254 nm

Racemic sample 5t:

DAD1 A, Sig=254.4 Ref=off (LUCANLDA7EBIS.D)

mal ]
&
] w o)
7 | phoc
1 H
40
] (+/-)-5t &
] g &
i
4 "’T"
m -] -
i rd \
7] I
. .".. "\.
20 4] / \
] / )
] / \
1 / Y
] f \\
T _ ’// -
o — —_—— —
als 10 1025 175 i
Peak RetTime Type Width Lrea
s [min] [min]
Il |- == | === | === | ——==——= |
1 10.20&6 MF 0 0 2820
2 11.008 FM 0 7180

Enantioenriched sample 5t:

DADT A, Sig=254.4 Ref=olt [LUCAILDFZ O)

AL ]
4 A
] \\“@ EE . $§§5
100 o) _‘:1:!.2‘@
1] pnOC H I.-'f\"-.l
B0 - 5t [
b | \
: |II II'.
1) II
50 { \
i | 1
] |II II|l
4 | \
40— I|I
- IIII
20
- ln'
p 4
o
T
10 10.5

—
125 rriiry
855
5141
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Condition: HPLC analysis on a Daicel Chiralpak IB column (85:15 hexane:iPrOH), flow rate

1.0 mL/min; A = 254 nm

Racemic sample 5u:

DADT &, Sig=25% 2 Re=off (LUCAILDARACIC D)
maL ]
25] .
] 0 -
E &
] PhOC g
20 H S
: I| |I
] (+/-)-5u I
1.5—: II II ‘4'5
1 [
] [ 7
10 [ [
] . A
- I I 1)
] | | I'I I|
5__ II |I .Il |II
i | i L
] "l II\ l"lI Ill'
.:.__ ——— o Sy _— — \'--_ —
20 = ) % & N E R
Peak RetTime Typs Width Area Height Lrea
# [min] [min] mAU* s3] mATT ] %
== l== el i | === | ——==—==——- | ———=—=—= |
1 Z24.085 BE 0.4382 556.50024 9.78127 55.0408
2 30.e%1 MM 0.6367 454.56724 11.8%833 44,9592
Enantioenriched sample 5u:
TADT &, Sig=25= 3 Ref=off (LUCALD25 D)
mal ]
100} R
i 0 o
1 PhOC E 'l'j';"
a0} N
- )
] Su I
i
. |
_ |
50 I| |
i {
1 [
40 [
4 | |
J I
i I
204 | \
i | i o
1 f \ g &
4 ! \ = &
o - L . L _%'515-_
20 s 24 3 2 a0 o mi
Peak RetTime Typs Width Arsa Height Lrea
t [min] [min] mAU* s3] mAl] %
e e |- [—=—————= |- |- I
1 24.011 MM 0.4732 2257.5%1821 T9.32377 98.4613
2 30.622 MM 0.6682 35.28564 B8.80142e-1 1.5387
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Condition: HPLC analysis on a Daicel Chiralpak 1C-3 column (95:5 hexane:iPrOH), flow rate

0.9 mL/min; A = 254 nm

Racemic sample 5v (Major diastereoisomer):

CADA A, 3g=234.4 Ref=off (LIMA\LDS20x 1.0
mAL ]
n
o] y
Me
] 0 &
100 PhOC g _
" A "
20 (+1-)-5v (Major) Y
: II I| 'II III
(= II II II 1
ra ] i |I I|
|Il 'l.r-\' |I II |I II
40 - I.' \ | .'-II I,' II | I'.
50 IIlI II'-l. .l"\_‘ _,-"I I'l I|II
ll. '-_ I-I\I l,'l
A “,
i S — - \\- _ /"f \\ﬂ.__ _,J"I Mo
2 = 2 Za &= 2 7 £
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
=== |- | === === [—==—===——- | —=====———- | === \
1 25.265 MF 0.4467 2288.04297 85.37150 50.1045
2 26.771 FM 0.4761 2278.50000 79.77052 49.8955
Enantioenriched sample 5v:
DAD1 A, Slg=254,4 Ref=off (LUCAWLDITETER.D)
maL]
=]
] M
= e
] PhOC
] H o
f ) & o
153 [ 5v (Major) 'gﬂn@?
10] | f \
] , &
e / \ / \ § #
i N ./ \ R
20 !Il ZI! 2‘3 2‘4 2‘ EIE 2I mir
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAT* 5] [MAT] %
——— | e B | ———m - |-
1 24.438 FM 0.4275 379.76779 14.80707 93.5892
2 Ze.l46 MM 4662 26.013593 9.29%04e-1 6.4108
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Condition: HPLC analysis on a Daicel Chiralpak IC-3 column (95:5 hexane:iPrOH), flow rate
0.9 mL/min; A = 254 nm

Racemic sample 5v (Minor diastereoisomer):

DAL A, Sig=254 4 Ref=af [LUCALDESS MINLDY)

mau ]
25.]_: . Meo
1 E\ PhOC H ﬁ
] ' S
2 [ (+1-)-5v (Minor) N\
; II I| I'I I|I
15.1—_ II II || |I
] | | II |I
] II I' | I|
100 | | | \
: | I| II I|
] |I | |I I'.
. | VAN a
] L J \\_ . _/*"l e A \\M
[/ ™ — — I —
21 ZI2 2‘3 2‘-1 2‘5 2‘6 2‘? 28 mir]
Peak RetTime Type Width Area Height Area
i [min] [min] [(mAU*s] [MAT] %
____| _______ I____l _______ |\ - |\ - |\ - |
1 22.283 BB 0.3599 49¢0.5351¢e¢ 212.82335 49,7805
2 24.529 BV 0.3958 5004.28760 194.75798 50.21%85

Enantioenriched sample 5v:

_ CAD1T A, Sig=234,4 Raf=0 LUCALDITETER.D)
mALl <
]
m. MeO
% o iﬁ" PhOC H
] g
i 5v (Minor)
] - 7\
1: . -@{\? J ,‘\
i SN & N
Peak RetTime Type Width Area Height Area
i [min] [min] [MAU* 5] [MAU] %
-0~ | _______ - | _______ - == - - I = |
1 21.275 FM 0.3870 44%.64352 19.36314 91.9570
2 23.685 MF 0.3%68 39.32801 1.65188 8.0430
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Condition: HPLC analisys on a Daicel Chiralpak IC-3 column using a isocratic method (80:20
Hexane:iPrOH), flow rate 0.4 mL/min; A = 247 nm

Racemic sample 5w:

DAD1 A, Sig=254,4 Ref=off (LUCA\CYPHRAFR7A.D)

T ooaom
24 941

0= — T T — T T T T T T T T T
20 22 24 26 28 30 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

——m R | == | == | =
1 24.041 BV 0.4031 1.94724e4d 744.71960 49.1934
2 24.941 VB 0.4288 2.01110e4 122.37164 50.8066

Enantioenriched sample 5w:

DAD1 A, Sig=254,4 Ref=off (LUCA\CYCHIR.D)
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1 24.037 BV 0.4004 1522.06580 58.72913 10.2344
2 24.918 VB 0.4200 1.33501e4d 489.78726 89.7656
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Condition: HPLC analisys on a Daicel Chiralpak IC-3 column using a isocratic method (98:2
hexane:iPrOH) flow rate 0.80 mL/min; A = 254 nm

Racemic sample 6:
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1 €.053 MF .28%1 940.5%¢cl1% S54.22182 49.4914
2 £.892 FM 0.3056 95%.52847 52.34462 50.5086
Enantioenriched sample 6:
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1 1&.30% MF 0.3362 29.4c443 1.45060 4,8113
2 17.370 FM 0.3351 582.54232 28.95752 95.1887
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