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A. General Information

The NMR spectra were recorded at 400 MHz and 500 MHz for *H and 100 or 125 MHz for 3C.
The chemical shift (8) for *H and **C are given in ppm relative to residual signals of the solvents
(CHCIl; @ 7.26 ppm *H NMR and 77.16 ppm ¥*C NMR, and tetramethylsilane @ 0 ppm).
Coupling constants are given in Hertz. The following abbreviations are used to indicate the
multiplicity: s, singlet; d, doublet; q, quartet; m, multiplet; bs, broad signal; app, apparent.

High resolution mass spectra (HRMS) were obtained from the ICIQ HRMS unit on MicroTOF
Focus and Maxis Impact (Bruker Daltonics) with electrospray ionization (ESI). Yields of isolated
products refer to materials of >95% purity as determined by *H NMR analysis.

The authors are indebted to the team of the Research Support Area at ICIQ, particularly to the
NMR and the High-Resolution Mass Spectrometry Units. Grace Fox is thanked for proofreading
the manuscript.

General Procedures. All reactions were set up under an argon atmosphere in oven-dried
glassware. Synthesis grade solvents were used as purchased, anhydrous solvents were taken from
a commercial SPS solvent dispenser. Chromatographic purification of products was accomplished
using forced-flow chromatography (FC) on silica gel (35-70 mesh). For thin layer
chromatography (TLC) analysis throughout this work, Merck pre-coated TLC plates (silica gel
60 GF2s4, 0.25 mm) were employed, using UV light as the visualizing agent and an acidic mixture
of vanillin or basic aqueous potassium permanganate (KMnQ.) stain solutions, and heat as
developing agents. Organic solutions were concentrated under reduced pressure on a Buchi
rotatory evaporator.

Determination of Enantiomeric Purity. UPC? analysis on chiral stationary phase was performed
on a Waters Acquity instrument using 1D3, 1G, IA3, IC, IB and OJ chiral columns. The exact
conditions for the analyses are specified within the characterization section.

Materials. The starting materials used in this study are commercial and were purchased in the
highest purity available from Sigma-Aldrich, Fluka, Alfa Aesar, Fluorochem, and used as
received, without further purifications. Phenacyl chlorides that are not commercially available
were synthetized using known literature procedures® and their characterization matched with the
literature reported data. The synthesis of the enal substrates and the celistolide bromide is
described in section B.

Experimental Setup. Experiments were performed using a 3D printed photoreactor consisting
of a 9 cm diameter crystallizing dish with a 3D printed support of 6 positions, and a hole of 22
mm in the middle to allow ventilation (Figure S1). A commercial 1-meter LED strip was wrapped
around the crystallizing dish. A fan was used to cool down the reactor and control the reaction
temperature. The reaction temperature, measured within the reaction vessel using a thermometer,
was between 35-40 °C. Each of the positions could be used to fit a standard 16 mm diameter vial
with a Teflon screw cap.
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Figure S1: Photoreactor used for the photochemical catalytic reactions.

Experiments with illumination at 465 nm were conducted using a 1m blue LED strip, 14.4W
“LEDXON MODULAR 9009083 LED, SINGLE 5050 purchased from Farnell, catalog number
9009083. The emission spectrum of the LED strip was recorded (Figure S2).
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Figure S2: Emission spectrum of the 465 nm blue LED strip used in this study.

The emission maximum was determined as 465 nm with a spectral width of 30 nm (450-480 nm)
at half peak intensity and a total spectral width of 120 nm (420-540 nm).

S4



B. Substrate Synthesis

— enals
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Figure S3: Enal substrates used in this study.

2-Phenyl-2-pentenal, 2-pentenal, 2,4-heptadienal, 5-methyl-2-phenyl-2-hexenal and citral were
commercially available and used as received, without further purifications. Enals A, B, C, D, E
and G were synthetized through a two-step procedure using reported and slightly modified
protocols.?®

Synthesis of (E)-2-(p-tolyl)pent-2-enal (A):

0 Me
N\F o

M

OH ° DMP w NaOAc

DCM, 4h,rt.  H MeOH, 14h, Reflux A
| !

Me

To a stirred solution of alcohol 1 (1.36 g, 10.0 mmol) in CH.CI, dry (60 mL), Dess-Martin
periodinane (15 mmol, 6.4 g) was added under argon. After 3h stirring, the reaction was quenched
with saturated aqueous solutions of NaHCO3 and Na»S;03 (20 mL). After 30 min, the resulting
mixture was extracted with CH>Cl, (2 x 25 mL). The combined organic layers were washed with
brine (10 mL), dried over MgSOsy, filtered, evaporated under reduced pressure, and purified by
column chromatography (eluent: hexane/EtOAc 10:1) to give 631 mg of the corresponding
aldehyde 11 (4.7 mmol, 47% yield) as a colorless oil.

To a stirred solution of 11 (631 mg, 4.7 mmol) in MeOH (9.5 mL), 1.0 mL of propionaldehyde
(14.1 mmol) and 385 mg of NaOAc (4.7 mmol) were sequentially added. The resulting mixture
was heated to reflux for 14h. Subsequently, the solvent was evaporated under vacuum and the
resulting material was extracted with Et,O (3 x 20 mL). The combined organic layers were washed
with brine (10 mL), dried over MgSOsy, filtered, evaporated under reduced pressure. The excess
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of propionaldehyde was removed by column chromatography (eluent: hexane/EtOAc 99:1) and
then the residue (mixture of desired product and self-condensed by-product) purified by
Kugelrohr distillation (2.1x10 bar, 90 °C) to afford 296 mg the corresponding enal A (1.7 mmol,
36% yield) as a colorless oil.

'H NMR (500 MHz, CDCls) 8 9.63 (s, 1H), 7.24 (d, J = 7.9 Hz, 2H), 7.09 (d, J = 8.1 Hz, 2H),
6.71 (t, J = 7.5 Hz, 1H), 2.49 — 2.33 (m, 5H), 1.14 (t, J = 7.5 Hz 3H).

BC NMR (126 MHz, CDCls) 5 194.1, 157.7, 143.3, 137.7, 129.6, 129.3 (2C), 129.0 V, 23.3, 21.3,
13.3.

Synthesis of (E)-2-(m-tolyl)pent-2-enal (B):
AP 0

o DMP w NaOAc o Me
ve  DCM, 4h, rt. H Me  MeOH, 14h, Reflux B

1] v

Me

To a stirred solution of alcohol 111 (1.36 g, 10.0 mmol) in dry CH.Cl, (60 mL), Dess-Martin
periodinane (15 mmol, 6.4 g) was added under argon. After 3h the reaction was quenched with
saturated aqueous solutions of NaHCOs3; and Na,S,03 (20 mL). After 30 min, the resulting mixture
was extracted with CH,Cl, (2 x 25 mL). The combined organic layers were washed with brine
(10 mL), dried over MgSOQ., filtered, evaporated under reduced pressure, and purified by column
chromatography (eluent: hexane/EtOAc 10:1) to give 872 mg of the corresponding aldehyde 1V
(6.5 mmol, 65% Yyield) as a colorless oil.

To a stirred solution of 1V (872 mg, 6.5 mmol) in MeOH (13 mL), 1.39 mL of propionaldehyde
(19.5 mmol) and 540 mg of NaOAc (6.5 mmol) were sequentially added. The resulting mixture
was heated to reflux for 14h. Subsequently, the solvent was evaporated under vacuum and the
resulting material was extracted with Et,O (3 x 20 mL). The combined organic layers were washed
with brine (10 mL), dried over MgSOs., filtered, evaporated under reduced pressure. The excess
of propionaldehyde was removed by column chromatography (eluent: hexane/EtOAc 99:1) and
then the residue (mixture of desired product and self-condensed by-product) purified by
Kugelrohr distillation (2.1x10 bar, 90 °C) to afford 362 mg the corresponding enal B (2.1 mmol,
32% yield) as a colorless oil.

'H NMR (500 MHz, CDCls) § 9.63 (s, 1H), 7.31 (t, = 7.6 Hz, 1H), 7.21 — 7.15 (m, 1H), 7.03 —
6.94 (m, 2H), 6.71 (t, J = 7.5 Hz, 1H), 2.47 — 2.33 (m, 5H), 1.13 (t, J = 7.5 Hz, 3H).

BC NMR (126 MHz, CDCl3) § 193.9, 157.7, 143.6, 137.8, 132.5, 130.0, 128.7, 128.1, 126.4,23.2,
21.5,13.3.

Synthesis of (E)-2-(o-tolyl)pent-2-enal (C):

P o)
OH bmwp— 9 NaOAc
DCM, 4h, rt. H MeOH, 14h, Reflux Me c
M Me
e
v VI Me

To a stirred solution of alcohol V (1.36 g, 10.0 mmol) in dry CH>CI, (60 mL), Dess-Martin
periodinane (15 mmol, 6.4 g) was added under argon. After 3h the reaction was quenched with
saturated aqueous solutions of NaHCOs; and Na»S.03 (20 mL). After 30 min, the resulting mixture
was extracted with CH,Cl, (2 x 25 mL). The combined organic layers were washed with brine
(10 mL), dried over MgSOQ., filtered, evaporated under reduced pressure, and purified by column
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chromatography (eluent: hexane/EtOAc 10:1) to give 791 mg of the corresponding aldehyde VI
(5.9 mmol, 59% yield) as a colorless oil.

To a stirred solution of VI (591 mg, 5.9 mmol) in MeOH (12 mL), 1.26 mL of propionaldehyde
(17.7 mmol) and 484 mg of NaOAc (5.9 mmol) were sequentially added. The resulting mixture
was heated to reflux for 14h. Subsequently, the solvent was evaporated under vacuum and the
resulting material was extracted with Et,O (3 x 20 mL). The combined organic layers were washed
with brine (10 mL), dried over MgSOsy, filtered, evaporated under reduced pressure, and purified
by column chromatography (eluent: pentane/Et.O 9:1) to afford 452 mg the corresponding enal
C (2.6 mmol, 44% yield) as a colorless oil.

'H NMR (300 MHz, CDCl3) § 9.64 (d, J = 0.6 Hz, 1H), 7.27 — 7.25 (m, 1H), 7.25 — 7.16 (m, 2H),
6.96 (d, J = 7.1 Hz, 1H), 6.84 (t, J = 7.5 Hz, 1H), 2.24 — 2.14 (m, 2H), 2.12 (s, 3H), 1.09 (t, J =
7.5 Hz, 3H).

BC NMR (126 MHz, CDCls) § 194.10, 157.65, 143.33, 137.71, 129.30, 128.96, 23.25, 21.28,
13.31.

Synthesis of (E)-2-(4-methoxyphenyl)pent-2-enal (D):

0 OMe
N\ o

OMe o)
OH DMP - m NaOAc H
DCM, 4h, r.t. H MeOH, 14h, Reflux

Vil Vil

Me

To a stirred solution of alcohol VII (1.5 g, 10.0 mmol) in dry CH:Cl, (60 mL), Dess-Martin
periodinane (15 mmol, 6.4 g) was added under argon. After 3h the reaction was quenched with
saturated aqueous solutions of NaHCOs3; and Na,S,03 (20 mL). After 30 min, the resulting mixture
was extracted with CH,Cl, (2 x 25 mL). The combined organic layers were washed with brine
(10 mL), dried over MgSOQ., filtered, evaporated under reduced pressure, and purified by column
chromatography (eluent: hexane/EtOAc 4:1) to give 795 mg of the corresponding aldehyde VIII
(5.3 mmol, 53% yield) as a colorless oil.

To astirred solution of VI (795 mg, 5.3 mmol) in MeOH (10 mL), 1.13 mL of propionaldehyde
(15.9 mmol) and 434 mg of NaOAc (5.3 mmol) were sequentially added. The resulting mixture
was heated to reflux for 14h. Subsequently, the solvent was evaporated under vacuum and the
resulting material was extracted with Et,O (3 x 20 mL). The combined organic layers were washed
with brine (10 mL), dried over MgSOs., filtered, evaporated under reduced pressure, and purified
by column chromatography (eluent: hexane/EtOAc 9:1) to afford 413 mg the corresponding enal
D (2.2 mmol, 41% vyield) as a pale-yellow oil.

'H NMR (500 MHz, CDCls) 8 9.62 (s, 1H), 7.13 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.9 Hz, 2H),
6.68 (t, J = 7.5 Hz, 1H), 3.85 (s, 3H), 2.42 (p, J = 7.5 Hz, 2H), 1.14 (t, = 7.5 Hz, 3H).

BC NMR (126 MHz, CDCls) & 194.2, 159.3, 157.5, 142.9, 130.6 (2C), 124.7, 113.7 (2C), 55.3,
23.2.

Synthesis of (E)-2-(4-bromophenyl)pent-2-enal (E):

Br

Br /\?O 0}

B 0
OH r DMP w NaOAc oy
DCM, 4h, r.t. H MeOH, 14h, Reflux E

IX X

Me

To a stirred solution of alcohol 1X (2.0 g, 10.0 mmol) in dry CH.Cl, (60 mL), Dess-Martin
periodinane (15 mmol, 6.4 g) was added under argon. After 3h the reaction was quenched with
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saturated aqueous solutions of NaHCO3; and Na2S,03 (20 mL). After 30 min, the resulting mixture
was extracted with CH,Cl, (2 x 25 mL). The combined organic layers were washed with brine
(10 mL), dried over MgSOQ., filtered, evaporated under reduced pressure, and purified by column
chromatography (eluent: hexane/EtOAc 3:1) to give 1.4 g the corresponding aldehyde X (7.1
mmol, 72% vyield) as a pale-yellow oil.

To astirred solution of X (1.4 g, 7.1 mmol) in MeOH (14 mL), 1.52 mL of propionaldehyde (21.3
mmol) and 582 mg of NaOAc (7.1 mmol) were sequentially added. The resulting mixture was
heated to reflux for 14h. Subsequently, the solvent was evaporated under vacuum and the resulting
material was extracted with Et,O (3 x 20 mL). The combined organic layers were washed with
brine (10 mL), dried over MgSOsu, filtered, evaporated under reduced pressure, and purified by
column chromatography (eluent: hexane/EtOAc 9:1) to afford 899 mg the corresponding enal E
(3.7 mmol, 53% yield) as a colorless oil.

'H NMR (400 MHz, CDCls) 9.59 (s, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.05 (d, J = 8.6 Hz, 2H), 6.73
(t, J=7.6 Hz, 1H), 2.37 (p, J = 7.5 Hz 2H), 1.12 (t, J = 7.5 Hz, 3H).

13C NMR (101 MHz, CDCls) § 193.3, 158.2, 142.4, 131.5 (2C), 131.4, 131.1 (2C), 23.2, 13.2.

Synthesis of (E)-2-phenylhex-2-enal (F):
NN 0

O
w NaOAc _ H
H F

MeOH, 14h, Reflux

Phenylacetaldehyde
Me

To a stirred solution of phenylacetaldehyde (1.0 g, 8.3 mmol) in MeOH (16 mL), 2.24 mL of
butyraldehyde (24.9 mmol) and 680 mg of NaOAc (8.3 mmol) were sequentially added. The
resulting mixture was heated to reflux for 14h. Subsequently, the solvent was evaporated under
vacuum and the resulting material was extracted with Et;O (3 x 20 mL). The combined organic
layers were washed with brine (10 mL), dried over MgSOQs., filtered, evaporated under reduced
pressure, and purified by column chromatography (eluent: hexane/Et,O 97:3) to afford 709 mg
the corresponding enal F (4.1 mmol, 49% yield) as a pale yellow oil.

'H NMR (400 MHz, CDCl3) § 9.64 (s, 1H), 7.45 — 7.34 (m, 3H), 7.20 — 7.16 (m, 2H), 6.75 (t, J =
7.5 Hz, 1H), 2.37 (q, J = 7.5 Hz, 2H), 1.56 (q, J = 7.4 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H).

3C NMR (101 MHz, CDCls) 4 193.8, 156.4, 144.1, 132.7, 129.4 (2C), 128.2 (2C), 127.9, 31.7,
22.1,13.8.

Synthesis of 2-bromo-1-(6-(tert-butyl)-1,1-dimethyl-2,3-dihydro-1H-inden-4-yl)ethan-1-
one:

(0] O
Br, Br.
AcOH
.
16h, r.t.
XI Celestolide bromide

Ketone X1 (1.95 g, 8.0 mmol) was dissolved in glacial AcOH (0.2M) and treated dropwise with
Br, (0.411 mL, 17.7 mmol) in AcOH (1.3 M) at ambient temperature. The mixture was stirred for
16h and then the solvent was removed by rotary evaporation. The crude mixture was evaporated
under reduced pressure, and purified by column chromatography (eluent: pentane/Et,O 8:2) to
afford 1.50 g of the desired product (4.64 mmol, 58% yield) as a colorless oil.
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'H NMR (300 MHz, CDCl3) § 7.71 (s, 1H), 7.38 (s, 1H), 4.48 (s, 1H), 3.18 (td, J = 7.3, 1.2 Hz,
2H), 1.95 (td, J = 7.3, 1.3 Hz, 2H), 1.36 (s, 9H), 1.27 (s, 6H).

13C NMR (101 MHz, CDCI13) 6 192.88, 154.99, 150.24, 142.52, 130.41, 124.89, 124.40, 43.65,
41.47, 34.91, 33.13, 31.60, 30.93, 28.88.

C. Catalyst Synthesis

F3C\© s
CF,4 ySK
D OV,
/
N omBs CFs Br

B G

Wi

Figure S4: Catalysts used in this study.

The indole-based dithiocarbamate catalyst G was synthetized from 5-bromoindole following a
previously reported one-step process.*

The chiral dienamine catalyst B was synthetized starting from L-proline following a 5-step
procedure described below. All the intermediates and products matched the spectroscopic
characterization reported in literature.®

O—(o o D—(O = D—(D
—_— —_—
N oH N  OH N~ OMe

Boc Boc
L-Proline S1 S2
\cs
CF CF CF3
FsC * FsC ’ FsC
CF3 c5 CFj Cc4 CF3
F N CF
N omes CFs N oOH CFs Boc OH 3
B sS4 S3

Figure S5: Route for preparation of catalyst B.

C1. Synthesis of (tert-butoxycarbonyl)-L-proline

Boc,O

O_(o NaOH aq. D—(O
—_—
N Dioxane N
H OH 0°C to r.t. Boc ©OH
L-Proline $1

To asolution of (S)-proline (8.0 g, 69 mmol) in ag. NaOH (1M, 130 mL) and dioxane (33
mL) at 0 °C was added Boc20 (18 g, 82 mmol) portionwise over 20 min. The resulting
mixture was stirred at 0 °C for 30 min, then allowed to warm to 23 °C and stirred
overnight. The organic solvent was removed under reduced pressure. The remaining
aqueous solution was acidified to pH ~2 with ag. KHSO4 (1 M). The aqueous solution
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was extracted with CHClIs (3 x 150 mL). The combined organic layers were washed with
brine (200 mL), dried over Na,SQO4, and concentrated by rotary evaporation to afford the
target carbamate S1 (14.2 g, 95% yield) as a white solid, which was sufficiently pure to
be taken on to the next step.

'H NMR (400 MHz, CDCl3) mixture of rotamers § 4.42 —4.21 (m, 1H rotl+ rot2), 3.65—3.28
(m, 2H, rotl+ rot2), 2.53 — 2.18 (m, 1H, rotl+ rot2), 2.16 — 1.79 (m, 3H, rotl+ rot2), 1.57—1.32
(bs, 3H, rotl+ rot2).

C2. Synthesis of 1-(tert-butyl) 2-methyl (S)-pyrrolidine-1,2-dicarboxylate

L/Ho DBU (Ho
—_—
N DMC N
Boc ©OH A Boc OMe
S1 S2

DBU (9.9 g, 9.8 mL equiv) was added to a solution of N-Boc proline S1 (14 g, 65 mmol)
in dimethyl carbonate (DMC) (250 mL 0.25M), and the resulting mixture was heated to
reflux. Upon completion, the reaction mixture was cooled to room temperature and
diluted with either EtOAc and H2O. The aqueous layer was removed, and the organic
layer was washed with H»0O, twice with 2 M HCI or 10% aqueous citric acid, twice with
saturated aqueous NaHCOs, and twice with H2O. The organic layer was dried over
Na>SOg, filtered, and concentrated under vacuum to afford the target ester S2 (14,6 g,
98% yield) as a pale-yellow oil which was sufficiently pure to be taken on to the next
step.

!H NMR (400 MHz, CDCl3) mixture of rotamers & 4.31 (dd, J = 8.7, 3.2 Hz, rotl) + 4.21 (dd, J

= 8.5, 4.2 Hz, rot2 1H), 3.71 (s, 3H, rotl+ rot2), 3.58 — 3.31 (m, 2H, rotl+ rot2), 2.28 — 2.10
(m, 1H), 2.02 — 1.79 (m, 3H), 1.45 + 1.19 (two singlets 9H, rot1l+ rot2).

C3. Synthesis of (S)-bis(3,5-bis(trifluoromethyl)phenyl)(pyrrolidin-2-yl)methanol

F3C\©/CF3 FsC
CF3
O—( 7 o D\@ <: 2
_—— z
N THF 3
Boc OMe N oH CF3

In a two-necked round bottom flask equipped with septum and condenser containing a
stirring bar were added the Mg turnings (1.59 g, 65.4 mmol). The air was removed
through vacuum air flaming for 30 minutes. To the Mg was added anhydrous THF (30
mL) and the reaction was stirred for 2 minutes after which a crystal of I, was added (the
solution turns brownish). At this stage the aryl bromide (11.98 mL, 65.4 mmol) was added
portion wise to the suspension of Mg. During the addition the solution turns gradually to
grey (note: exothermic reaction). Once the addition of the aryl bromide was complete, the
solution was refluxed for 1 hour at 65°C. After the indicated time the solution was cooled
to 0°C and the Proline ester S2 (as 1M solution in dry THF, 5 g, 21.8 mmol) was added
via syringe. The reaction was stirred overnight and then slowly quenched with H>O. The
reaction crude was then filtered on cotton before being extracted 2 times with AcOEt (or
DCM). The collected organic phase were then collected and anhydrified over MgSOsa,
filtered and concentrated under vacuum to obtain a dark brown oil which contains the
product. The oil was then purified by Flash Chromatography o silica gel (100%hexane to
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95:5 hexane:AcOEt) to afford the prolinol S3 (10.1 g, 73% yield) as an orange and dense
oil.

'H NMR (400 MHz, CDCls) 5 7.90 — 7.84 (m, 4H), 7.81 (s, 2H), 4.85—4.78 (m, 1H), 3.46 (ddd,
J=11.2,8.2,5.9 Hz, 1H), 2.84 (dt, J = 11.3, 7.2 Hz, 1H), 2.15 — 2.01 (m, 1H), 1.77 (dg, J = 13.4,
6.7 Hz, 1H), 1.62 (dt, J = 14.6, 7.5 Hz, 1H), 1.40 (s, 9H), 1.06 — 0.98 (m, 1H).

C4. Synthesis of tert-butyl (S)-2-(bis(3,5bis(trifluoromethyl)phenyl)(hydroxy)methyl)
pyrrolidine-1-carboxylate

CF, CF4

FsC FsC
CF3 TFA:DCM CF3
z z
N CF N CF

Boc OH 8 H OH 8

S3 S4

Prolinol S3 (9.4 g, 15.95 mmol) was dissolved in a 1:1 mixture of DCM:TFA and stirred
for 1 hour at room temperature. The solution was then basified to pH 7 using a solution
of NaHCOs. The organic phase was then extracted with DCM 3 times. After
anhydrification with NaSO4 and removal of the solvent the free amine S4 (7.3 g, 92%
yield) was obtained as an orange oil.

'H NMR (500 MHz, CDCl3) & 8.04 (s, 2H), 7.95 (s, 2H), 7.76 (d, J = 5.5 Hz, 2H), 4.35 (t, J = 7.7
Hz, 1H), 3.13 — 2.98 (M, 2H), 1.85 — 1.73 (m, 2H), 1.64 — 1.47 (m, 2H).

C5. Synthesis of Catalyst B

CF CF
FsC 3 FsC ’
CF3 CF,4
TBSOTY
DCE, 90°C
N by CF, N Sres  CFs
H H
s4 B

In a two-necked round bottom flask equipped with condenser and a magnetic stirring bar
was made a 0.4M solution of substrate S4 (5.00 g, 9.5 mmol) in DCE. Triethylamine (5.97
mL, 42.8 mmol) and TBSOTf (4.38 mL, 19.04 mmol) were added sequentially while
stirring. The reaction was then stirred under reflux overnight. After cooling the reaction
mixture was quenched with brine. The organic phase was extracted with Et,O 3 times and
after anhydrification over MgSO4 the crude was purified by Flash Chromatography on
silica gel (2% Et>0 in Pentane) to afford the catalyst B (3.2 g, 50% yield) as a pale-yellow
oil which solidifies at low temperature.

'H NMR (500 MHz, CDCls)  8.09 (s, 2H), 7.85 (s, 2H), 7.74 (s, 2H), 4.24 (dd, J = 8.0, 6.0 Hz,
1H), 2.90 (dt, J = 10.2, 7.0 Hz, 1H), 2.59 — 2.46 (m, 1H), 1.77 (dt, J = 12.7, 7.6 Hz, 1H), 1.53 —
1.37 (m, 2H), 0.94 (s, 9H), 0.92 — 0.86 (m, 1H), -0.21 (s, 3H), -0.47 (s, 3H).
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D. Optimization of the reaction conditions

Table S1. Optimisation studies

(e}
dienamine catalyst B (20 mol%)
Ph DTC catalyst G (20 mol%) Ph
H H
+ CIS_CN >
blue LEDs WS
2,6-lutidine (1.2 equiv.) © CN
12 e 2a THF [0.3 M], 30 °C, 20h 3@ Me
Catalysts
CF3 DTC Catalyst

CF, ySK
/
N  ores CFs Br

H
B G

entry B (xmol%) G (y mol%) solvent T(°C) vyield ()&  e.rlbl
1 20 20 toluene 35 40 77:23
2 20 20 CHCl, 35 65 77:23
3 20 20 CH:CN 35 18 79:21
4 20 20 CHCl; 35 66 78:22
5 20 20 THF 35 70 78:22
6 20 20 TFT 35 42 78:22
7 10 20 THF 35 20 77:23
8 20 10 THF 35 25 n.d.
9 20 20 THF 10 7 n.d.

Reactions performed under argon using 1a (0.6 mmol), 2a (0.2 mmol), catalysts B (20 mol%) and G (20 mol%) and
2,6-lutidine (1.2 equiv.) in the surveyed solvent (0.03 M) under blue LEDs irradiation for 20 hours. [a] Yields
determined by *H NMR analysis on the crude of the reaction using trimethyl orthoformate as the internal standard. [b]

Determined by UPC? analysis; n.d. = not determined. TFT = trifluorotoluene
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Table S2. Screening of chiral dienamine catalysts

(0] [¢]
dienamine catalyst (20 mol%)
H Ph DTC catalyst G (20 mol%) Y Ph
+ CIN_CN
blue LEDs WS
2,6-lutidine (1.2 equiv.) “ CN
1a pe 2a THF [0.3 M], 30 °C, 20h 3a e
CFy CFy CFs
FaC FaC Neoht FsC
CFy CFy Tepnt CFy
7 EHNapht
z z y 3 N ortms B
N omms  CFs N omes CFs Ho OTMS N OsiMe,h CFs
A B (o3 D
70% yield 57% yield 70% yield 37% yield 60% yield
78:22 er 80:20 er 70:30 er 75:25 er 70:30 er
CF
CFs CFs G CFs FsC :
FsC F3C 3
CF CFs
CFs CF3 3
A m T N CF
N oms s N omps CF N osiTms), O HoOTMS ’
F G H |
52% yield 22% yield <5% yield <5% yield
79:21 er 78:28 er 77:22 er nd
O~
SIS C
NH, )
2 J 0% yield K 0% yield
nd nd

Reactions performed under argon using 1la (0.6 mmol), 2a (0.2 mmol), the dienamine catalysts (20 mol%), G (20
mol%) and 2,6-lutidine (1.2 equiv.) in THF (0.03 M) under blue LEDs irradiation at 35-40 °C for 20 hours.

Table S3. Screening of other parameters

Q dienamine catalyst B (20 mol%)
H Ph DTC catalyst (20 mol%) H Ph
+ Cl\/CN
blue LEDs WS
2,6-lutidine (1.2 equiv.) © CN
1a e 2a THF [0.3 M], 30 °C, 20h 32 Me
DTC Catalysts
SySK SySK SySK
N o N,
SO ORI ¥
Br
G H 1

Entryt Deviation yield [%] er.

1 - 57 80:20

3 B (40 mol%) 59 80:20

5 H instead of G <5 nd

6 | instead of G <5 nd

7 G (30 mol%) 67 (60) 80:20

8 concentration [0.7 M] 75 (70) 80:20

10 G (30 mol%) and [0.7 M] 69 (61) 80:20

11 G (30 mol%) and 4 equiv. of 1a 70 (65) 80:20
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E. Experimental Procedures

El. General Procedure. The general procedure is detailed for the model reaction leading to
product 3a. It was then applied to perform all other catalytic photochemical processes.

In an oven dried 5 mL vial equipped with a Teflon septum screw cap and a

magnetic stirring bar, (E)-2-phenylpent-2-enal 1a (0.6 mmol, 96 mg, 3 equiv.)

H and aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.) were dissolved in 250

W pL of degassed THF. After 5 minutes, 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2

vCN equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6 pL) and dithiocarbamate

catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) were sequentially added. The

3a reaction mixture was degassed through Ar sparging for 20 seconds before

closing the cap. The vial was then sealed with parafilm and placed in the 3D

printed support photoreactor (Figure S1) and irradiated under stirring. After 20 hours, the solvent

was evaporated under reduced pressure and the residue purified by column chromatography

(eluent: hexane/EtOAc 8:2) to afford 27.9 mg of the corresponding product (0.14 mmol, 70%,

80:20 er) as a pale-orange oil. The enantiomeric ratio was determined to be 80:20 by UPC?

analysis on a Daicel Chiralpak IA-3 column (eluent;: CO2/IPA = 90:10; flow rate 1 mL/min, A =
300 nM. tmajor = 3.5 min, Tminor = 3.7 Min.

[0]o? = +86.2 (c = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) & 9.67 (s, 1H), 7.49 — 7.37 (m, 3H), 7.20 — 7.11 (m, 2H), 6.54 (d, J
=10.3 Hz, 1H), 3.11 — 2.99 (m, 1H), 2.44 (d, J = 6.3 Hz, 2H), 1.28 (d, J = 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls) § 193.0, 153.9, 144.7, 131.9, 129.0 (2C), 128.6 (2C), 128.5, 117.3,
30.7,24.1,19.7.

HRMS (ESI): m/z calculated for [C1sH2sNO4Na]* [M+ Na]*: 222.0895; found: 222.0889.

(0]

E2. Scope of the Radical Precursors
Synthesis of (S,E)-4-methyl-6-0xo0-2,6-diphenylhex-2-enal [(-)-3b]

Synthesized according to the general procedure using phenylpent-2-
enal 1a (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-phenylethan-1-one

0
Ph ]
H (30.9 mg, 0.2 mmol), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2
o equiv.), dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.)
i and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture
3b

was purified by flash column chromatography on silica gel (eluent:

hexane/EtOAc 8:2) to afford product 3b (31.2 mg, 56% yield) as a

yellow oil. The enantiomeric ratio was determined to be 84:16 by UPC?
analysis on a Daicel Chiralpak IG column (eluent: CO./IPA = 90:10; flow rate 1 mL/min, A = 320
nm. Tmajor = 3.2 Min, Tminor = 3.9 Min.

[0]o = -76.4 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 9.61 (s, 1H), 7.93 — 7.81 (m, 2H), 7.57 (ddt, J = 7.9, 6.9, 1.3 Hz,
1H), 7.48 — 7.34 (m, 5H), 7.21 — 7.15 (m, 2H), 3.39 — 3.37 (m, 1H), 3.10 — 3.07 (m, 2H), 1.19 (d,
J=6.7 Hz, 3H).

13C NMR (126 MHz, CDCls) § 197.9, 193.8, 159.2, 143.2, 136.6, 133.3, 132.6, 129.2 (2C), 128.7
(2C), 128.4 (2C), 128.1 (2C), 128.0, 45.0, 30.4, 20.1.

HRMS (ESI): m/z calculated for [C19H1802Na]" [M+Na]*: 301.1204; found: 301.1199.
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Synthesis of (S,E)-4-methyl-6-0xo-2-phenyl-6-(p-tolyl)hex-2-enal [(-)-3c]

o) Synthesized according to the general procedure using phenylpent-2-
Ph enal 1a (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(p-tolyl)ethan-1-one

H (42.6 mg, 0.2 mmol), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2
o equiv.), dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.)

and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture

was purified by flash column chromatography on silica gel (eluent:
hexane/EtOAc 8:2) to afford product 3c (28.1 mg, 48% yield) as a pale yellow oil. The

enantiomeric ratio was determined to be 85:15 by UPC? analysis on a Daicel Chiralpak I1G column
(eluent: CO2/IPA = 90:10; flow rate 1 mL/min, A = 320 NM. Tmajor = 3.80 min, Tminor = 4.10 min.

[0]o = -15.6 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCl3) 9.61 (s, 1H), 7.76 (d, J = 8.2 Hz, 2H), 7.45 — 7.32 (m, 3H), 7.25 —
7.21 (m, 2H), 7.20 — 7.15 (m, 2H), 6.61 (d, J = 10.2 Hz, 1H), 3.38 — 3.27 (m, 1H), 3.06 (dd, J =
6.8, 1.5 Hz, 2H), 2.42 (s, 3H), 1.17 (d, J = 6.7 Hz, 3H).

13C NMR (126 MHz, CDCls) § 197.5, 193.8, 159.4, 144.1, 143.1, 134.2, 132.6, 129.4 (2C), 129.2
(2C), 128.4 (2C), 128.2 (2C), 128.0, 44.9, 30.5, 21.7, 20.0.

HRMS (ESI): m/z calculated for [C2oH200.Na]* [M+Na]*: 315.1361; found: 315.1356.

o 3¢

Synthesis of (S,E)-6-(4-methoxyphenyl)-4-methyl-6-oxo-2-phenylhex-2-enal [(-)-3d]

Synthesized according to the general procedure using phenylpent-
2-enal la (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(4-

0
Ph OMe

H methoxy)ethan-1-one (45.8 mg, 0.2 mmol), aminocatalyst B (0.04

Jj'%\\”/@/ mmol, 25.6 mg, 0.2 equiv.), DTC catalyst G (0.04 mmol, 12.4 mg,

5 3d 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The

crude mixture was purified by flash column chromatography on
silica gel (eluent: hexane/EtOAc 7:3) to afford product 3d (32.0 mg, 53% yield) as a colorless oil.
The enantiomeric ratio was determined to be 83:17 by UPC? analysis on a Daicel Chiralpak IG
column (eluent: CO./IPA=20:80; flow rate 1 mL/min, A = 320 nm. Tmajor = 4.15 min, Tminor = 4.4
min. [a]p?®® =-51.1 (¢ = 0.5 /100 mL, CHCIs)

'H NMR (500 MHz, CDCls) 5 9.61 (s, 1H), 7.84 (d, J = 8.9 Hz, 2H), 7.43 — 7.32 (m, 3H), 7.17
(d, J=8.0 Hz, 2H), 6.91 (d, J = 8.9 Hz, 2H), 6.61 (d, J= 10.1 Hz, 1H), 3.88 (s, 3H), 3.39 — 3.23
(m, 1H), 3.03 (d, J = 6.8 Hz, 2H), 1.17 (d, J = 6.7 Hz, 3H).

13C NMR (126 MHz, CDCls) & 196.4, 193.8, 163.6, 159.4, 143.1, 132.6, 130.4 (2C), 129.7, 129.2
(2C), 128.4 (2C), 128.0, 113.8 (2C), 55.5, 44.7, 30.6, 20.1.

HRMS (ESI): m/z calculated for [C2H200sNa]* [M+Na]*: 331.1310; found: 331.1305.

Synthesis of (S,E)-6-(4-fluorophenyl)-4-methyl-6-oxo-2-phenylhex-2-enal [(+)-3¢e]

Synthesized according to the general procedure using phenylpent-2-
enal la (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(4-

0
Ph F

: ﬂ fluorophenyl)ethan-1-one (43.4 mg, 0.2 mmol), aminocatalyst B

o (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

o 3e mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford product 3e (31.4 mg, 53%
yield) as a colorless oil. The enantiomeric ratio was determined to be 83:17 by UPC? analysis on
a Daicel Chiralpak 1G column (eluent: CO./IPA = 90:10; flow rate 1 mL/min, A = 320 nM. Tmajor
= 3.30 min, Tminor = 3.5 Min.

[0]o? = +63.4 (¢ = 0.5 g/100 mL, CHCls)
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'H NMR (500 MHz, CDCls) § 9.61 (s, 1H), 7.87 (dd, J = 8.9, 5.4 Hz, 2H), 7.48 — 7.32 (m, 3H),
7.22—7.14 (M, 2H), 7.14 — 7.04 (m, 2H), 6.60 (d, J = 10.2 Hz, 1H), 3.39 — 3.24 (M, 1H), 3.04 (d,
J=6.8 Hz, 2H), 1.19 (d, J = 6.7 Hz, 3H).

F NMR (471 MHz, CDCls3) 5 -104.87.

13C NMR (126 MHz, CDCls) & 196.2, 193.7, 165.8 (d, Y = 255 Hz), 158.9, 143.2, 133.0 (d,
o = 3 Hz), 132.6, 130.7 (d, 3Jcr = 9 Hz, 2C), 129.2 (2C), 128.4 (2C), 128.1, 115.8 (d, 2Jcr =
22 Hz, 2C), 44.9, 30.4, 20.0.

HRMS (ESI): m/z calculated for [C19H17FO2Na]* [M+Na]*: 319.1110; found: 319.1105.

Synthesis of (S,E)-6-(2,4-dichlorophenyl)-4-methyl-6-oxo-2-phenylhex-2-enal [(+)-3f]

Synthesized according to the general procedure using phenylpent-2-
enal la (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(2,4-

0
Ph c ©r 4

H dichlorophenyl)ethan-1-one (53.6 mg, 0.2 mmol), aminocatalyst B

o (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

I 3f  mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 uL,

1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 75:25) to afford product 3f (34.7 mg, 50%
yield) as a yellowish oil. The enantiomeric ratio was determined to be 76:24 by UPC? analysis on
a Daicel Chiralpak IG column (eluent: 85:15 CO2/MeOH; flow rate 1.00 mL/min, A = 240 nm.
TMajor — 35 min, TMinor — 3.8 min.

[0]o2° = +87.0 (¢ = 0.5 g/100 mL, CHCls)
'H NMR (500 MHz, CDCls) 5 9.61 (s, 1H), 7.44 — 7.35 (m, 4H), 7.33 — 7.28 (m, 1H), 7.18 — 7.14

(m, 2H), 6.56 (d, J = 10.2 Hz, 1H), 3.35 — 3.23 (m, 1H), 3.07 (dd, J = 6.8, 1.7 Hz, 2H), 1.19 (d, J
= 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls) § 199.6, 193.6, 158.2, 143.2, 137.7, 137.0, 132.4, 132.1, 130.5,
130.2,129.1 (2C), 128.4 (2C), 128.1, 127.5, 49.1, 30.4, 20.1.

HRMS (ESI): m/z calculated for [C19H16Cl.O2Na]* [M+Na]*: 369.0425; found: 369.0420.

Synthesis of (S,E)-6-(4-bromophenyl)-4-methyl-6-oxo-2-phenylhex-2-enal [(+)-3g]

Synthesized according to the general procedure using phenylpent-
2-enal la (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(4-

0
Ph Br -

H bromophenyl)ethan-1-one (55.6 mg, 0.2 mmol), aminocatalyst B

o (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

1 3g mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 7:3) to afford product 3g (42 mg, 58% yield)
as a colorless oil. The enantiomeric ratio was determined to be 82:18 by UPC? analysis on a Daicel
Chiralpak IE column (eluent: CO2/IPA = 85:15; flow rate 1 mL/min, A = 320 M. Tmajor = 3.5 min,
Tminor = 3.7 Min.

[0]o? = +19.2 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 9.62 (s, 1H), 7.70 (d, J = 8.6 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H),
7.43 - 7.35 (m, 3H), 7.19 — 7.14 (m, 2H), 6.59 (d, J = 10.2 Hz, 1H), 3.32 (dqg, J = 10.2, 6.8 Hz,
1H), 3.04 (d, J = 6.8 Hz, 2H), 1.19 (d, J = 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls) 4 196.76, 193.58, 158.59, 143.26, 135.21, 132.53, 131.98, 129.55,
129.14, 128.50, 128.40, 128.07, 44.97, 30.39, 20.04.

HRMS (ESI): m/z calculated for [C19H17BrO,Na]™ [M+Na]*: 379.0310; found: 379.0291.
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Synthesis of (S,E)-6-(3-bromophenyl)-4-methyl-6-oxo-2-phenylhex-2-enal [(-)-3h]

0 Synthesized according to the general procedure using phenylpent-2-

Ph enal la (0.6 mmol, 96 mg, 3 equiv.), 2-bromo-1-(3-

H bromophenyl)ethan-1-one (55.6 mg, 0.2 mmol), aminocatalyst B
o g (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

©  3h 1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford product 3h (39.3 mg, 52%
yield) as a yellowish oil. The enantiomeric ratio was determined to be 82:18 by UPC? analysis on

a Daicel Chiralpak 1G column (eluent: 80:20 CO»/MeCN; flow rate 1.00 mL/min, A = 250 nm.
TMajor = 39 min, TMinor = 42 mln

[a]o?® =-30.7 (c = 0.5 g/100 mL, CHCIs)

'H NMR (500 MHz, CDCls) § 9.61 (s, 1H), 8.01 (t, J = 1.8 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H),
7.71-7.68 (m, 1H), 7.45 — 7.34 (m, 3H), 7.32 (t, = 7.9 Hz, 1H), 7.20 — 7.15 (m, 2H), 6.59 (d, J
=10.2 Hz, 1H), 3.38 — 3.25 (m, 1H), 3.06 (d, J = 6.7 Hz, 2H), 1.19 (d, J = 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls) & 196.4, 193.6, 158.6, 143.3, 138.3, 136.1, 132.5, 131.1, 130.3,
129.2 (2C), 128.4 (2C), 128.1, 126.5, 123.1, 45.0, 30.3, 20.1.

HRMS (ESI): m/z calculated for [C19H17BrO2Na]* [M+Na]*: 379.0310; found: 379.0304.

Synthesis of (S,E)-4-methyl-6-oxo-6-(perfluorophenyl)-2-phenylhex-2-enal [(-)-3i]
Synthesized according to the general procedure using phenylpent-2-

0
Ph | r enal la (06 mmol, 96 mg, 3 equiv.), 2-bromo-1-

H F (perfluorophenyl)ethan-1-one (57.8 mg, 0.2 mmol), aminocatalyst B
o ¢ (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

e g mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 uL,

1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: 85:15) to afford product 3i (60.8 mg, 80% yield) as a
yellowish oil. The enantiomeric ratio was determined to be 82:18 by UPC? analysis on a Daicel
Chiralpak IA-3 column (eluent: 91:9 CO./MeCN; flow rate 1.00 mL/min, A = 255 nm. Tminor = 2.2
min, Tmajor = 2.3 Min. [a]o® = -57.3 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCl3) § 9.61 (s, 1H), 7.45 — 7.33 (m, 3H), 7.19 — 7.13 (m, 2H), 6.53 (d,
J=10.2, 1H), 3.34 — 3.22 (m, 1H), 2.98 (dt, J=7.0, 1.4, 1.4, 2H), 1.22 (d, J=6.7, 3H).

19F NMR (471 MHz, CDCls) § -140.63 — -141.10 (m), -148.61 (t, J = 20.7 Hz), -159.26 — -159.84
(m).

13C NMR (126 MHz, CDCls) & 193.4, 191.8, 157.0, 144.2 (d, YJcr = 255 Hz), 143.4, 142.8 (d,

Yer = 260 Hz), 137.5 (d, Wer = 255 Hz), 132.2, 129.0 (2C), 128.4 (2C), 128.2, 114.3 (t, 2Jcr =18
Hz), 51.2 (t, “Jcr = 2 Hz), 30.1, 20.0.

HRMS (ESI): m/z calculated for [C19H13FsO2Na]* [M+Na]*: 391.0733; found: 391.0728.

Synthesis of (S,E)-4-(3-methyl-6-ox0-5-phenylhex-4-enoyl)benzonitrile [(-)-3j]

Synthesized according to the general procedure using phenylpent-
2-enal la (0.6 mmol, 96 mg, 3 equiv), 4-(2-

0
Ph CN

H chloroacetyl)benzonitrile (44.8 mg, 0.2 mmol), aminocatalyst B

o (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

¥ 3j mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 7:3) to afford product 3j (26.0 mg, 42%
yield) as a colorless oil. The enantiomeric ratio was determined to be 82:18 by UPC? analysis on
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a Daicel Chiralpak IE column (eluent: 85:15 CO./MeCN; flow rate 1.00 mL/min, A = 220 nm.
TMajor = 35 min, TMinor = 37 mln [(X]DZO = ‘462 (C = 05 g/lOO mL, CHCI3)

'H NMR (400 MHz, CDCls) 5 9.60 (s, 1H), 7.94 — 7.83 (m, 2H), 7.77 — 7.63 (m, 2H), 7.43 - 7.31
(m, 3H), 7.19 — 7.10 (m, 2H), 6.56 (d, J = 10.1 Hz, 1H), 3.30 (dg, J = 10.1, 6.7 Hz, 1H), 3.12 —
3.01 (m, 2H), 1.19 (d, J = 6.7 Hz, 3H).

3C NMR (101 MHz, CDCls) § 196.34, 193.44, 158.00, 143.35, 139.26, 132.50, 132.44, 129.09,
128.40, 128.12, 117.76, 116.51, 45.21, 30.17, 19.98.

HRMS (ESI): m/z calculated for [C2H17NO2Na]* [M+Na]*: 326.1157; found: 326.1151.

Synthesis of (S,E)-4-methyl-6-(2-nitrophenyl)-6-oxo-2-phenylhex-2-enal [(+)-3K]

Synthesized according to the general procedure using phenylpent-2-
enal 1a (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(2-nitrophenyl)ethan-

0
Ph
H 1-one (48.8 mg, 0.2 mmol), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2
o equiv.), DTC catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-
3k I No, lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture was

purified by flash column chromatography on silica gel (eluent:
hexane/EtOAc 8:2) to afford product 3k (27.8 mg, 43% yield) as a brownish oil. The enantiomeric
ratio was determined to be 82:18 by UPC? analysis on a Daicel Chiralpak IC column (eluent:
90:10 CO2/IPA; flow rate 1.00 mL/min, A = 250 nm. Tmajor = 4.2 min, Twminor = 4.3 MiN.

[0]o? = +15.3 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 9.65 (s, 1H), 8.15 (dd, J = 8.1, 1.2 Hz, 1H), 7.71 — 7.67 (m, 1H),
7.65 — 7.59 (m, 1H), 7.47 — 7.42 (m, 2H), 7.41 — 7.38 (m, 1H), 7.26 — 7.23 (m, 3H), 6.64 (d, J =
10.2 Hz, 1H), 3.40 — 3.29 (m, 1H), 2.99 — 2.85 (m, 2H), 1.23 (d, J = 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls) § 199.8, 193.8, 158.4, 143.3, 137.6, 134.4, 132.6, 130.6, 129.3,
129.2 (2C), 128.4 (2C), 128.1, 127.4,124.5, 49.0, 29.8, 19.9.

HRMS (ESI): m/z calculated for [C1oH17NO4Na]* [M+Na]*: 346.1055; found: 346.1050.

Synthesis of (S,E)-4-methyl-6-(3-nitrophenyl)-6-0xo-2-phenylhex-2-enal [(+)-31]

Synthesized according to the general procedure using phenylpent-
2-enal la (0.6 mmol, 96 mg, 3 equiv.), 2-bromo-1-(3-

(0]
Ph
H nitrophenyl)ethan-1-one (48.8 mg, 0.2 mmol), aminocatalyst B
i‘\\\\ﬂNoz (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04
0o mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

1.2 equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 7:3) to afford product 3l (33.6 mg, 52%
yield) as a colorless oil. The enantiomeric ratio was determined to be 78:22 by UPC? analysis on
a Daicel Chiralpak 1G column (eluent: 85:15 CO2/MeCN; flow rate 1.00 mL/min, A = 220 nm.
tMajor = 4.00 min, T™inor = 4.12 min. [a]p?® = +21.0 (c = 0.5 g/100 mL, CHClIs).

'H NMR (500 MHz, CDCl3) § 9.63 (s, 1H), 8.68 (t, J = 1.9 Hz, 1H), 8.42 (ddd, J = 8.2, 2.3, 1.1
Hz, 1H), 8.18 (ddd, J = 7.7, 1.7, 1.1 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 7.43 — 7.34 (m, 3H), 7.19
—7.15 (m, 2H), 6.60 (d, J = 10.2 Hz, 1H), 3.43 — 3.30 (m, 1H), 3.15 (d, J = 6.7 Hz, 2H), 1.24 (d,
J=6.7 Hz, 3H).

13C NMR (126 MHz, CDCls) & 195.5, 193.5, 158.0, 143.4, 137.7, 133.5, 132.4, 130.0, 129.7,
129.1 (2C), 128.4 (2C), 128.2, 127.6, 122.9, 45.2, 30.2, 20.1.

HRMS (ESI): m/z calculated for [C1oH17NOsNa]™ [M+Na]*: 346.1055; found: 346.1050.
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Synthesis of (S,E)-4-methyl-6-oxo-2-phenyl-6-(4-(trifluoromethyl)phenyl)hex-2-enal [3m]

o) Synthesized according to the general procedure using phenylpent-
Ph cr, 2-enal la (0.6 mmol, 96 mg, 3 equiv.), 2-chloro-1-(4-

H trifluoromethyl)ethan-1-one (44.2 mg, 0.2 mmol), aminocatalyst B
o@ﬁ\/@ (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04

3m mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

© 1.2 equiv.). The crude mixture was purified by flash column

chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford product 3m (27.8 mg, 59%
yield) as a brownish oil. The enantiomeric ratio was determined to be 81:19 by UPC? analysis on
a Daicel Chiralpak OJ column (eluent: 90:10 CO2/EtOH; flow rate 1.00 mL/min, A = 250 nm.
TMajor = 2.3 min, Tvinor = 2.8 Min. [a]p?® = +58.7 (¢ = 0.5 g/100 mL, CHClIs).

IH NMR (400 MHz, CDCls) & 9.60 (s, 1H), 7.94 — 7.88 (m, 2H), 7.74 — 7.65 (m, 2H), 7.40 — 7.31 (m,
3H), 7.11 - 7.17 (m, 2H), 6.57 (d, J = 10.1 Hz, 1H), 3.25 — 3.38 (m, 1H), 3.08 (d, J = 6.8 Hz, 2H), 1.19 (d,
J=6.7 Hz, 3H).

13C NMR (126 MHz, CDCls) & 196.80, 193.52, 158.25, 143.36, 139.09, 134.56 (g, J = 32.7 Hz),
132.50, 129.12, 128.39, 128.37, 128.11, 125.73 (q, J = 3.8 Hz), 123.50 (q, J = 272.8 Hz), 45.29,
30.30, 20.04.

F NMR (376 MHz, CDCls3) & -63.27
HRMS (ESI): m/z calculated for [C19H17NO4Na]™ [M+Na]*: 346.1055; found: 346.1050.

Synthesis of (S,E)-4,7,7-trimethyl-6-oxo-2-phenyloct-2-enal [(-)-3n]
Synthesized according to the general procedure using phenylpent-2-enal

0
Ph 1a (0.6 mmol, 96 mg, 3 equiv.), 1-chloro-3,3-dimethylbutan-2-one (35.8

H mg, 0.2 mmol), aminocatalyst C (0.04 mmol, 25.6 mg, 0.2 equiv.),
\\\\\\IH< dithiocarbamate catalyst E (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-

3n lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture was purified

© by flash column chromatography on silica gel (eluent: hexane/EtOAc 9:1)

to afford product 3n (13.0 mg, 25% vyield) as a colorless oil. The enantiomeric ratio was

determined to be 87:13 by UPC? analysis on a Daicel Chiralpak IC column (eluent: 93:7
CO2/MeCN; flow rate 1.00 mL/min, A = 250 nm. Tminor = 2.7 min, Tmajor = 2.85 min.

[o]o® = -11.2 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) 5 9.60 (s, 1H), 7.46 — 7.39 (m, 2H), 7.38 — 7.33 (m, 1H), 7.23 — 7.19
(m, 2H), 6.53 (d, J = 10.2 Hz, 1H), 3.25 — 3.12 (m, 1H), 2.61 (ABq, J = 17.3, 6.5 Hz, 2H), 1.12
(s, 9H), 1.07 (d, J = 6.6 Hz, 3H).

13C NMR (126 MHz, CDCls) § 213.3, 193.9, 159.7, 142.9, 132.6, 129.2 (2C), 128.4 (2C), 128.0,
42.8,31.6,29.7, 26.2, 19.9.

HRMS (ESI): m/z calculated for [C17H2,0.Na]* [M+Na]*: 281.1518; found: 281.1512.

Synthesis of (S,E)-6-((3R,5R,7R)-adamantan-1-yl)-4-methyl-6-oxo-2-phenylhex-2-enal [(+)-
3m]

Synthesized according to the general procedure using phenylpent-2-
enal 1a (0.6 mmol, 96 mg, 3 equiv.), 1-((3r,5r,7r)-adamantan-1-yl)-

0
Ph

H 2-bromoethan-1-one (51.4 mg, 0.2 mmol), aminocatalyst B (0.04

“\\\\”/@ mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04 mmol,

3m i 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2

equiv.). The crude mixture was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 9:1) to afford product 3m (17 mg, 41%
yield) as a colorless oil. The enantiomeric ratio was determined to be 89:11 by UPC? analysis on
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a Daicel Chiralpak OJ column (eluent: 90:10 CO./MeCN; flow rate 1.00 mL/min, A = 220 nm.
TMinor = 2.4 min, TMajor = 29 mln [(X]DZO = +231 (C = 05 g/lOO mL, CHCI3)

'H NMR (500 MHz, CDCls) § 9.59 (s, 1H), 7.45 — 7.40 (m, 2H), 7.38 — 7.33 (m, 1H), 7.24 - 7.19
(m, 2H), 6.52 (d, J = 10.2 Hz, 1H), 3.23 — 3.11 (m, 1H), 2.57 (ABg, J = 17.2, 6.5 Hz, 2H), 2.09 —
2.01 (M, 2H), 1.79 — 1.74 (m, 8H), 1.71 — 1.65 (m, 3H), 1.58 (s, 2H), 1.06 (d, J = 6.7 Hz, 3H).

13C NMR (126 MHz, CDCls) § 213.1, 193.9, 160.0, 142.8, 132.7, 129.2 (2C), 128.3 (2C), 128.0,
42.4, 38.1, 36.5, 29.6, 27.9, 20.0.

HRMS (ESI): m/z calculated for [C2sH2s02Na]* [M+Na]*: 359.1987; found: 359.1982.

Synthesis of (E)-4-(2-oxotetrahydrofuran-3-yl)-2-phenylpent-2-enal [(-)-3p]

0 Synthesized according to the general procedure using phenylpent-2-enal 1la

Ph (0.6 mmol, 96 mg, 3 equiv.), 3-bromodihydrofuran-2(3H)-one (33.0 mg, 0.2

H mmol), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate

‘\\\\QO catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol,

25.5 uL, 1.2 equiv.). The crude mixture was purified by flash column

© chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford product

3 3p as a mixture 1.2:1 of the two diastereoisomers (20.0 mg, 41% yield) as a

colorless oil. The enantiomeric ratio of the diastereocisomeric products was

determined to be 91:9 for diastereoisomer 1 and 86:14 for diasterecisomer 2 by UPC? analysis on

a Daicel Chiralpak IC column (eluent: 87:13 CO/IPA; flow rate 1.00 mL/min, A = 250 nm.

t™ajorgiast = 4.91 min, TMINOr gias2 = 5.04 Min; T™MiNOrgias2 = 5.39 min, T™Major gias2 = 5.83 min.
[a]o® =-8.2 (c = 0.5 g/100 mL, CHClIs)

IH NMR (500 MHz, CDCls) 5 9.66 (5, 1Hgiast + 1Haies2), 7.46 — 7.35 (M, 3Haiass + 3Hiasz), 7.18 —
7.13 (M, 2Hgias1 + 2Haias2), 6.75 (d, J = 10.6 Hz, 1Hgias1), 6.64 (d, J = 10.5 Hz, 1Haiac2), 4.33 (td, J
= 8.9, 8.8, 2.8 Hz, 1Hgias1), 4.28 — 4.22 (M, 1Hgias2), 4.22 — 4.16 (M, 1Hgias1 + 1Hgias2), 3.10 — 2.97
(m, 1Hgias1 + 1Hdia52), 2.70 — 2.58 (m, 1Hgias1 + 1Hdia52), 2.38 —2.27 (m, 1Hgias1 + 1Hdiasz), 2.11 —
1.95 (m, 1Hgias1 + 1Hdia52), 1.29 (d, J=6.7 HZ, 1Hdiasl), 1.21 (d, J=6.9 HZ, lHdiasz).

13C NMR (126 MHz, CDCIs) [signals of both diastereoisomers] & 193.5, 193.4, 176.9, 176.8,
155.8, 155.2, 144.3, 144.0, 132.4, 132.3, 129.1 (4C), 128.6 (4C), 128.3, 128.2, 66.3 (2C), 43.9,
43.4,34.0, 33.9, 26.5, 26.0, 17.6, 17.0.

HRMS (ESI): m/z calculated for [C1sH1603Na]" [M+Na]*: 267.0997; found: 267.0992.

p

Synthesis of (S,E)-6-(6-(tert-butyl)-1,1-dimethyl-2,3-dihydro-1H-inden-4-yl)-4-methyl-6-
oxo-2-phenylhex-2-enal [(+)-3q]

Synthesized according to the general procedure using phenylpent-2-

0
enal 1a (0.6 mmol, 96 mg, 3 equiv.), 2-bromo-1-(6-(tert-butyl)-1,1-

H dimethyl-2,3-dihydro-1H-inden-4-yl)ethan-1-one (64.6 mg, 0.2
mmol), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.),

3q dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and

2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture
was purified by flash column chromatography on silica gel (eluent: hexane/EtOAc 9:1) to afford
product 3q (40.0 mg, 50% yield) as a pale-yellow oil. The enantiomeric ratio was determined to
be 79:21 by UPC? analysis on a Daicel Chiralpak 1A-3 column (eluent: 92:8 CO2/IPA, flow rate
1.00 mL/min, A = 250 nm. Tmajor = 3.8 min, Tminor = 3.7 Min.

[0]o® = +51.4 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) & 9.59 (s, 1H), 7.56 (d, J = 1.8 Hz, 1H), 7.38 — 7.27 (m, 4H), 7.14 —
7.07 (m, 2H), 6.61 (d, J = 10.3 Hz, 1H), 3.31 (dg, J = 10.3, 6.7 Hz, 1H), 3.11 (m, 2H), 3.05 (m,
2H), 1.91 (t, J = 7.2 Hz, 2H), 1.32 (s, 9H), 1.25 (d, J = 3.3 Hz, 6H), 1.17 (d, J = 6.7 Hz, 3H).
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BC NMR (126 MHz, CDCls) 4 199.97, 193.82, 159.45, 154.58, 149.97, 142.85, 141.17, 133.16,
132.50, 129.14, 128.29, 127.96, 123.80, 123.42, 46.55, 43.40, 41.39, 34.70, 31.48, 30.78, 30.58,
28.74, 28.72, 20.16.

HRMS (ESI): m/z calculated for [CasHz40;Na]* [M+Na]*: 425.2456; found: 425.2451.

Synthesis of (S,E)-4-methyl-5-(2-nitro-4-(trifluoromethyl)phenyl)-2-phenylpent-2-enal [(+)-
3r]

Synthesized according to the general procedure using phenylpent-2-

0

Ph enal 1a (0.6 mmol, 96 mg, 3 equiv.), 1-(bromomethyl)-2-nitro-4-

H O,N (trifluoromethyl)benzene (56.8 mg, 0.2 mmol), aminocatalyst B (0.04

o mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04 mmol,

3r 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2

CF, equiv.). The crude mixture was purified by flash column

chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford

product 3r (29.1 mg, 41% yield) as a pale orange oil. The enantiomeric ratio was determined after

reduction to the corresponding alcohol by adding 2 eq. of NaBH, to a 1:1=MeOH:DCM solution

of the product (cooled at 0°C through ice bath). The enantiomeric ratio of the corresponging alchol

was measured to be 76:24 by UPC? analysis on a Daicel Chiralpak 1A-3 column (eluent: 90:10
CO2/IPA; flow rate 1.00 mL/min, A = 250 nm. Tmajor = 2.90 min, Tminor = 3.12 min.

[0]o? = +69.8 (c = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 9.58 (s, 1H), 8.11 — 8.08 (m, 1H), 7.70 — 7.63 (m, 1H), 7.34 - 7.21
(m, 4H), 6.67 (dd, J = 8.0, 1.6 Hz, 2H), 6.50 (d, J = 10.4 Hz, 1H), 3.19 (dd, J = 12.8, 4.6 Hz, 1H),
3.14 - 3.06 (m, 1H), 3.02 (dd, J = 12.8, 9.3 Hz, 1H), 1.27 (d, J = 6.4 Hz, 3H).

19F NMR (471 MHz, CDCl5) § -62.89.

13C NMR (126 MHz, CDCl3) § 193.2, 157.2, 144.2, 138.3, 133.4, 131.9, 130.4 (q, “Jor = 34 Hz),
129.1 (q, 3Jer = 4 Hz), 128.8 (d, 2cr = 80 Hz) 128.7 (2C), 128.2 (2C), 128.1, 122.7 (q, cr =
273 Hz), 122.2 (d, 3Jcr = 4 Hz), 39.4, 35.2, 20.4.

HRMS (ESI): m/z calculated for [C19H16FsNOsNa]* [M+Na]*: 386.0979; found: 386.0974.

Synthesis of (S,E)-5-(2,4-dinitrophenyl)-4-methyl-2-phenylpent-2-enal [(-)-3s]
Synthesized according to the general procedure using phenylpent-2-

0

Ph enal 1a (0.6 mmol, 96 mg, 3 equiv.), 1-(chloromethyl)-2,4-

H O,N dinitrobenzene (52.2 mg, 0.2 mmol), aminocatalyst B (0.04 mmol,

o 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04 mmol, 12.4

3s mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.).

NO, The crude mixture was purified by flash column chromatography on

silica gel (eluent: hexane/EtOAc 8:2) to afford product 3s (34.7 mg,

51% yield) as an orange oil. The enantiomeric ratio was determined to be 76:24 by UPC? analysis

on a Daicel Chiralpak IC column (eluent: 90:10 CO,/IPA; flow rate 1.00 mL/min, A = 255 nm.
TMajor = 5.35 min, Tminor = 5.4 Min. [a]p?® =-91.1 (¢ = 0.5 /100 mL, CHClIs).

'H NMR (500 MHz, CDCl) 8 9.58 (s, 1H), 8.67 (d, J = 2.3 Hz, 1H), 8.25 (dd, J = 8.5, 2.4 Hz,
1H), 7.38 — 7.22 (m, 5H), 6.77 — 6.71 (m, 2H), 6.50 (d, J = 10.2 Hz, 1H), 3.22 (1/2 ABq, J = 12.7,
4.7 Hz, 1H), 3.18 — 3.10 (m, 1H), 3.07 (1/2 ABq, J = 12.7, 9.0 Hz, 1H), 1.29 (d, J = 6.4 Hz, 3H).

3C NMR (126 MHz, CDCls) 6 193.0, 156.6, 149.2, 146.6, 144.2, 141.2, 133.7, 131.9, 128.7 (2C),
128.3 (2C), 128.2, 126.6, 120.3, 39.4, 35.1, 20.5.

HRMS (ESI): m/z calculated for [C1sH16N2OsNa]* [M+Na]*: 363.0957; found: 363.0961.
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E3. Scope of Enals
Synthesis of (S,E)-3-methyl-6-oxo-5-(p-tolyl)hex-4-enenitrile [(+)-4a]

Me Synthesized according to the general procedure using (E)-2-(p-tolyl)pent-2-

Q enal A (0.6 mmol, 104 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol,

H 12.6 L), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.),

dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-

CN lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture was purified

Me by flash column chromatography on silica gel (eluent: hexane/EtOAc 9:1)

to afford product 4a (17.1 mg, 40% vyield) as a colorless oil. The enantiomeric ratio was

determined to be 80:20 by UPC? analysis on a Daicel Chiralpak IC column (eluent: 90:10
CO/TPA; flow rate 1.00 mL/min, A = 250 nm. Tminor = 4.0 min, Tmajor = 4.2 min.

[0]o? = +45.0 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) 8 9.66 (s, 1H), 7.25 (d, J = 7.7 Hz, 2H), 7.05 (d, J = 8.1 Hz, 2H),
6.51 (d, J = 10.3 Hz, 1H), 3.14 — 3.01 (m, 1H), 2.44 (d, J = 6.3 Hz, 2H), 2.40 (s, 3H), 1.28 (d, J =
6.7 Hz, 3H).

B3C NMR (126 MHz, CDCls) 4 193.3, 153.8, 144.6, 138.4, 129.4 (2C), 128.9 (3C), 117.4, 30.6,
24.1,21.3,19.7.

HRMS (ESI): m/z calculated for [C1sH1sNONa]* [M+Na]*: 236.1051; found: 236.1046.

W\
4a

Synthesis of (R,E)-3-methyl-6-o0x0-5-(m-tolyl)hex-4-enenitrile [(-)-4b]

o Synthesized according to the general procedure using (E)-2-(m-tolyl)pent-2-
enal B (0.6 mmol, 104 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6

H Me pL), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate
Wy catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol,
b 25.5 pL, 1.2 equiv.). The crude mixture was purified by flash column

chromatography on silica gel (eluent: hexane/EtOAc 9:1) to afford product
4b (13.6 mg, 40% yield) as a colorless oil. The enantiomeric ratio was determined to be 80:20 by
UPC? analysis on a Daicel Chiralpak IC column (eluent: 90:10 CO./MeCN; flow rate 1.00
mL/min, A = 225 nm. Tminor = 3.1 min, Tmajor = 3.2 Min.

[0]o = -19.7 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 9.66 (s, 1H), 7.37 — 7.31 (m, 1H), 7.24 — 7.20 (m, 1H), 6.98 — 6.92
(m, 2H), 6.52 (d, J = 10.3 Hz, 1H), 3.11 — 2.99 (m, 1H), 2.45 (d, J = 6.3 Hz, 2H), 2.42 — 2.36 (m,
3H), 1.29 (d, J = 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls) 6 193.1, 153.8, 144.9, 138.4, 131.9, 129.6, 129.3, 128.5, 126.7,
126.0, 117.4, 30.6, 24.1, 19.7.

HRMS (ESI): m/z calculated for [C1sH1sNONa]* [M+Na]*: 236.1051; found: 236.1041.

Synthesis of (R,E)- 3-methyl-6-ox0-5-(0-tolyl)hex-4-enenitrile [(+ o -)-5fa]

O Me Synthesized according to the general procedure using (E)-2-(o-tolyl)pent-2-
enal C (0.6 mmol, 104 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6

H pL), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate
W\ catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5

4 o pL, 1.2 equiv.). The crude mixture was purified by flash column

chromatography on silica gel (eluent: hexane/EtOAc 9:1) to afford product 4c
as a mixture 1:1 of the two rotamers (21.3 mg, 50% yield) as a colorless oil. The enantiomeric
ratio of the product was determined to be 80:20 for both rotamers by UPC? analysis on a Daicel
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Chiralpak IC column (eluent: 90:10 CO,/MeCN; flow rate 1.00 mL/min, A = 225 nm. t™inoron
= 3.2 min, T™Major ror1 = 3.4 mMin; t™Minorrr = 3.7 min, TMajor oz = 3.9 min.

[0]o?® = -44.1 (c = 0.5 g/100 mL, CHCl5)

'H NMR (500 MHz, CDCls, 25 °C) 8 9.70 — 9.66 (M, 1Hrwu + 1How), 7.35 — 7.17 (M, 3Hwu +
3Hrow), 7.02 (d, J = 7.4 Hz, 1Hww), 6.94 (d, J = 7.5 Hz, 1How), 6.69 — 6.63 (M, 1Hrou + 1Hrw),
2.85 — 2.74 (M, 1Hrwu + 1Hrw), 2.45 (d, J = 6.3 Hz, 2Hou), 2.39 (d, J = 6.3 Hz, 2Hrww), 2.16 (s,
3Hrow), 2.12 (S, 3Hro), 1.28 (d, J = 6.8 Hz, 3Hwu), 1.20 (d, J = 6.7 Hz, 3Huw).

'H NMR (500 MHz, CDCls, 60 °C) § 9.67 (s, 1H), 7.33 — 7.27 (m, 2H), 7.26 — 7.18 (m, 1H), 7.03
—6.93 (M, 1H), 6.63 (d, J = 9.9 Hz, 1H), 2.86 — 2.74 (m, 1H), 2.44 — 2.36 (m, 2H), 2.15 (s, 3H),
1.29 — 1.19 (m, 3H).

13C NMR (101 MHz, CDCls) [signals of both rotamers] & 192.7, 192.6, 154.3, 154.2, 145.5 (2C),
136.4, 136.1, 132.0 (2C), 130.5, 130.3, 129.2, 129.0, 128.8 (2C) 126.1, 126.0, 117.4 (2C), 31.0,
30.9,24.1,23.7,19.9, 19.8, 19.7, 19.6.

HRMS (ESI): m/z calculated for [CsH1sNOH]* [M+H]*: 214.1231; found: 214.1224,

Synthesis of (R,E)-5-(4-methoxyphenyl)-3-methyl-6-oxohex-4-enenitrile [(-)-4d]

Br Synthesized according to the general procedure using (E)-2-(4-

O methoxyphenyl)pent-2-enal D (0.6 mmol, 114 mg, 3 equiv.), a-

H chloroacetonitrile 2a (0.2 mmol, 12.6 pL), aminocatalyst B (0.04 mmol, 25.6

mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.)

CN  and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture was

4d e purified by flash column chromatography on silica gel (eluent:

hexane/EtOAc 7:3) to afford product 4d (28.4 mg, 62% yield) as a colorless oil. The enantiomeric

ratio was determined to be 80:20 by UPC? analysis on a Daicel Chiralpak IC column (eluent:
85:15 CO/IPA; flow rate 1.00 mL/min, A = 250 NnM. Tminor = 4.3 min, Tmajor = 4.5 Min.

[0]o® = -96.1 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) & 9.66 (s, 1H), 7.10 (d, J = 8.7 Hz, 2H), 6.98 (d, J = 8.7 Hz, 2H),
6.49 (d, J = 10.3 Hz, 1H), 3.85 (s, 3H), 3.15 — 3.05 (m, 1H), 2.45 (d, J = 6.3 Hz, 2H), 1.29 (d, J =
6.8 Hz, 3H).

13C NMR (126 MHz, CDCls) § 193.4, 159.7, 153.8, 144.2, 130.3 (2C), 123.9, 117.4, 114.2 (2C),
55.3, 30.7, 24.1, 19.7.

HRMS (ESI): m/z calculated for [C1sH1sNO2Na]* [M+Na]*: 252.1000; found: 252.0995.

\\\\\ \

Synthesis of (S,E)-5-(4-bromophenyl)-3-methyl-6-oxohex-4-enenitrile [(-)-4e]

ome Synthesized according to the general procedure using (E)-2-(4-

o bromophenyl)pent-2-enal E (0.6 mmol, 143 mg, 3 equiv.), o-

H chloroacetonitrile 2a (0.2 mmol, 12.6 pL), aminocatalyst B (0.04 mmol,

25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2

CN equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude

de e mixture was purified by flash column chromatography on silica gel

(eluent: hexane/EtOAc 8:2) to afford product 4e (20.0 mg, 36% yield) as a colorless oil. The

enantiomeric ratio was determined to be 82:18 by UPC? analysis on a Daicel Chiralpak IC column
(eluent: 80:20 CO./IPA; flow rate 1.00 mL/min, A = 250 nM. Tminor = 4.1 min, Ttmajor = 4.3 Min.

[0]o%° = -33.9 (c = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls)  9.66 (s, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H),
6.56 (d, J = 10.4 Hz, 1H), 3.13 — 2.93 (m, 1H), 2.46 (d, J = 6.0 Hz, 2H), 1.28 (d, J = 6.7 Hz, 3H).

\\\\\ \
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13C NMR (126 MHz, CDCls) § 192.5, 154.4, 143.8, 131.9 (2C), 130.8 (2C), 130.7, 123.0, 117.2,
30.8, 24.1, 19.7.

HRMS (ESI): m/z calculated for [C1sH12BrNONa]* [M+Na]*: 299.9999; found: 299.9987.

Synthesis of (S,E)-3-isopropyl-6-oxo-5-phenylhex-4-enenitrile [(+)-4f]

o) Synthesized according to the general procedure using (E)-5-methyl-2-
phenylhex-2-enal (0.6 mmol, 113 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2

H mmol, 12.6 pL), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.),
RN dithiocarbamate catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine

af CN (0.24 mmol, 25.5 pL, 1.2 equiv.). The crude mixture was purified by flash

Me” “Me column chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford

product 4f (19.1 mg, 42% yield) as a colorless oil. The enantiomeric ratio was

determined to be 79:21 by UPC? analysis on a Daicel Chiralpak 1B column (eluent: 90:10
CO2/MeCN; flow rate 1 mL/min, A = 320 NM. Twminor = 2.6 min, Tmajor = 2.7 Min.

[0]o® = +35.3 (c = 1 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 9.71 (s, 1H), 7.55 — 7.31 (m, 3H), 7.20 — 7.13 (m, 2H), 6.59 (d, J
= 10.8 Hz, 1H), 2.75 — 2.62 (m, 1H), 2.52 — 2.49 (m, 2H), 1.96 — 1.83 (m, 1H), 0.95 (t, J = 7.0
Hz, 6H).

B3C NMR (126 MHz, CDCls) 6 192.9, 152.3, 146.8, 132.1, 129.2 (2C), 128.6 (2C), 128.4, 117.6,
41.7,31.4,20.7, 20.1, 19.6.

HRMS (ESI): m/z calculated for [C1sH17NONa]* [M+Na]*: 250.1208; found: 250.1202.

Synthesis of (S,E)-3-ethyl-6-0x0-5-phenylhex-4-enenitrile [(+)-49]

0 Synthesized according to the general procedure using (E)- 2-phenylhex-2-

enal F (0.6 mmol, 104 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6

H pL), aminocatalyst B (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate

N catalyst G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5

pL, 1.2 equiv.). The crude mixture was purified by flash column

Me chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford product 4g

(12.8 mg, 30% vyield) as a colorless oil. The enantiomeric ratio of the product

was determined to be 79:21 by UPC? analysis on a Daicel Chiralpak IB column (eluent: 90:10
CO2/MeCN; flow rate 1.00 mL/min, A = 250 nm. Tminor = 2.5 min, Tmajor = 2.6 Min.

[o]o® = +12.1 (c = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCl3) § 9.70 (s, 1H), 7.48 — 7.38 (m, 3H), 7.20 — 7.13 (m, 2H), 6.51 (d, J
= 10.6 Hz, 1H), 2.89 — 2.77 (m, 1H), 2.47 (d, J = 6.2 Hz, 2H), 1.75 — 1.59 (m, 2H), 0.92 (t, J =
7.4 Hz, 3H).

3C NMR (126 MHz, CDCls) § 192.89, 153.20, 146.22, 132.00, 129.08, 128.55, 128.38, 117.38,
37.03, 27.08, 22.29, 11.39.

HRMS (ESI): m/z calculated for [C14H1sNOH]* [M+H]": 214.1226; found: 214.1226.

CN
49

Synthesis of Rac-(E)-6-methyl-3-(4-oxobut-2-en-2-yl)hept-5-enenitrile [4h]

o Synthesized according to the general procedure using trans-2-pentenal (0.6
mmol, 50.5 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6 L),

H)H aminocatalyst D (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G
%”J\CN (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2
equiv.). The crude mixture was purified by flash column chromatography on

S24



silica gel (eluent: hexane/EtOAc 7:3) to afford product 4h (14.5 mg, 59% yield) as a colorless oil.
After derivatization with 2,4-dinitrophenylhydrazine, the enantiomeric ratio of the product was
determined to be 55:45 by UPC? analysis on a Daicel Chiralpak ID column (eluent: 88:12
CO./MeOH; flow rate 1.00 mL/min, X =250 nm. Tminor = 5.98 min, tmajor = 6.14 Min.

'H NMR (500 MHz, CDCls) § 9.56 (d, J = 7.6 Hz, 1H), 6.76 (dd, J = 15.8, 6.9 Hz, 1H), 6.18 (ddd,
J=158, 7.6, 1.3 Hz, 1H), 2.89 (m, 1H), 2.51 (dd, J = 6.5, 1.4 Hz, 2H), 1.31 (d, J = 6.8 Hz, 3H).

3C NMR (126 MHz, CDCl3) & 193.15, 156.78, 132.66, 117.27, 33.44, 23.64, 18.63.
HRMS (ESI): m/z calculated for [C7H10NO]* [M+H]*: 124.0762; found: 124.0757.

Synthesis of Rac-(4E,6E)-3-methyl-8-oxoocta-4,6-dienenitrile

o Synthesized according to the general procedure using 2,4-Heptadienal (0.6
mmol, 66 mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6 L),

H)H aminocatalyst D (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst
G (0.04 mmol, 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL,

1.2 equiv.). The crude mixture was purified by flash column

4i ~cNn chromatography on silica gel (eluent: hexane/EtOAc 85:15) to afford
product 4i (13 mg, 43% vyield) as a colorless oil. After derivatization with
2,4-dinitrophenylhydrazine, the enantiomeric ratio of the product was determined to be 56:44 by

UPC2 analysis on a Daicel Chiralpak 1A column (eluent: 95:5 CO,/MeOH; flow rate 1.00 mL/min,
7\, = 250 nm. TMminor = 709 n’lil’l, TMajor = 764 mln

'H NMR (500 MHz, CDCl) § 9.57 (d, J = 7.9 Hz, 1H), 7.13 - 7.02 (m, 1H), 6.47 — 6.34 (m, 1H),
6.17 (dt, J = 15.2, 7.5 Hz, 2H), 2.77 (m, 1H), 2.45 (d, J = 6.5 Hz, 2H), 1.27 (d, J = 6.8 Hz, 3H).

C NMR (126 MHz, CDCls) § 193.52, 150.82, 145.63, 132.03, 129.00, 117.67, 33.97, 24.28,
19.15.

HRMS (ESI): m/z calculated for [CsH1o0NO]* [M]*: 148.0762; found: 148.0757.

Synthesis of Rac-(E)-6-methyl-3-(4-oxobut-2-en-2-yl)hept-5-enenitrile [4f]

0 Synthesized according to the general procedure using citral (0.6 mmol, 91

mg, 3 equiv.), a-chloroacetonitrile 2a (0.2 mmol, 12.6 pL), aminocatalyst D

H CN (0.04 mmol, 25.6 mg, 0.2 equiv.), dithiocarbamate catalyst G (0.04 mmol,

| 12.4 mg, 0.2 equiv.) and 2,6-lutidine (0.24 mmol, 25.5 pL, 1.2 equiv.). The

v ¥ reaction produced a y to y’ regioisomeric mixture in a 83:17 ratio. The crude

mixture was purified by flash column chromatography on silica gel (eluent:

4j hexane/EtOAc 8:2) to afford exclusively the regioisomeric product 4j (21

mg, 55% vyield) as a vyellowish oil. After derivatization with 2,4-

dinitrophenylhydrazine, the enantiomeric ratio of the product was determined to be 52:48 by

UPC? analysis on a Daicel Chiralpak IG column (eluent: 85:15 CO,/IPA; flow rate 1.00 mL/min,
A =250 nm. Tminor = 5.54 min, tmajor = 5.77 min.

'H NMR (500 MHz, CDCls) § 10.04 (d, J = 7.5 Hz, 1H), 5.92 (d, J = 7.5 Hz, 1H), 5.00 — 4.94 (m,
1H), 2.62 — 2.41 (m, 3H), 2.29 (t, J = 6.9 Hz, 2H), 2.19 (d, J = 1.2 Hz, 3H), 1.70 (s, 3H), 1.62 (s,
3H).

C NMR (126 MHz, CDCls) & 190.79, 160.77, 136.13, 128.59, 119.21, 117.92, 45.90, 31.09,
25.90, 20.78, 18.11, 15.57.

HRMS (ESI): m/z calculated for [C1sH17NONa]* [M+Na]*: 146.0581; found: 146.0585.
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E4. Scale-up Reaction
E4.1 Experimental Setup

Figure S6: Setup used for the scaled-up reaction

The experimental setup for the large-scale reaction consisted of a 50 mL round-bottom flask
placed on a stirring plate. The light source was a 456 nm Kessil lamp placed under the reactor; to
avoid over heating, the reactor was cooled using a cooling fan placed on the side of the reactor as
illustrated in Figure S6.

E4.2 General Procedure for the large scale reaction

In a 50 mL round-bottom flask charged with a stirring bar, the aminocatalyst B (1 mmol, 640 mg,
0.2 eq.), THF (3.5 mL) and phenylpent-2-enal 1a (15 mmol, 2.40 mL, 3 equiv.) were added
sequentially. The reaction was stirred for 5 minutes before the addition of 2,6-lutidine (6 mmol,
395 uL, 1.2 equiv.) and chloroacetonitrile 2a (5 mmol, 317 uL, 1 equiv.). Finally, dithiocarbamate
catalyst G (1 mmol, 310 mg, 0.2 eq.) was added and the reactor was closed with a rubber septum.
The solution was degassed through argon bubbling for 5 minutes while stirring and then the
reactor capped with a septum and sealed with parafilm. A 456nm Kessil lamp was placed
approximatively 3 cm away from the reactor and switched on at 100% intensity. The solution was
irradiated under vigorous stirring overnight. After 20 hours, the lamp was turned off and the
solvent was removed through rotary evaporation. The product was purified by flash column
chromatography on silica gel (eluent: hexane/EtOAc 8:2) to afford the product 5a as a pale-orange
oil in a 67% vyield (average yield on 2 different runs). The enantiomeric ratio of the product was
determined to be 80:20 by UPC? analysis on a Daicel Chiralpak IA-3 column (eluent: CO2/IPA =
90:10; flow rate 1 mL/min, A = 300 nm. t™Major = 3.54 min, tMinor = 3.66 min.
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E5. Derivatization of Products
E5.1 Aldehyde Reduction

CN

-
NaBH, VFJ;/\
HO
MeOH, 0°C
1h
5a: 91%
79:21 er

In a 10 mL round bottom flask charged with a magnetic stirring bar, substrate 3a (60.0 mg, 0.3
mmol, 1 equiv) was dissolved in MeOH (0.5M). The solution was placed in an ice bath and cooled
to 0°C before the addition of NaBH, (34.0 mg, 0.9 mmol, 3 equiv). The reaction was stirred at
0°C for 1 hour and then removed from the ice bath. Distilled water (2 mL) was then slowly added
to the solution while stirring. The organic phase was extracted two times with EtOAc and dried
over anhydrous magnesium sulfate. After filtration, the solution was concentrated under vacuum
to afford the title compound 5a in 91% vyield as pale-yellow oil. The enantiomeric ratio of the
product was determined to be 79:21 by UPC? analysis on a Daicel Chiralpak 1A-3 column (eluent:
80:20 CO/IPA; flow rate 1.00 mL/min, A = 220 nm. Tmajor = 3.5 min, Tmjnor = 3.6 MinN.

[0]o%° = -17.2 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) & 7.39 (m, 2H), 7.33 (m, 1H), 7.19 (m, 2H), 5.58 (d, J = 10.1 Hz,
1H), 4.31 (d, J = 1.4 Hz, 2H), 2.65 (m, 1H), 2.27 (d, J = 6.6 Hz, 2H), 1.13 (d, J = 6.7 Hz, 3H).

3C NMR (101 MHz, CDCls) § 142.79, 137.92, 129.19, 128.87, 128.53, 127.90, 118.60, 67.60,
30.15, 25.17, 20.80

HRMS (ESI): m/z calculated for [C1sH1sNO]* [M+H]*: 202.1232; found: 202.1226.

E5.2 Sharpless Epoxidation

CN O CN
e (R)-DET, Ti(OiPr) b
Ph < BUOOH g 5b: 79% (8:2 dr)
o AAL DCM, 4A MS HOVB/\ 92:8 €r major
-20° to 0°C o 97:3 €r minor

5a

Diethyl L-(+)-tartrate (7.9 uL, 0.046 mmol) and titanium tetraisopropoxide (12 pL, 0.04 mmol)
were added sequentially to a mixture of powdered activated 4 A molecular sieves and
dichloromethane (200 mL) at 0 °C with stirring. The reaction mixture was cooled to -20 °C, tert-
butyl hydroperoxide (6 M in hexane, 87 uL, 0.520 mmol) was added dropwise over 0.2 h, and the
resulting mixture was stirred at -20 °C for 1 h. A 1.1M solution of 5a (40.25 mg, 0.200 mmol) in
dry DCM was then added dropwise over 0.2 h. After stirring for 15 h at -20 °C, the reaction
mixture was poured into 7 mL of a freshly prepared ferrous sulfate solution (66 g of FeSQ,4, 7H.0
and 22 g of citric acid in 200 mL of H,O) at -20 °C and stirred for 1 h. The organic layer was
separated, and the aqueous layer was extracted with Et,O. The combined organic layer was dried,
filtered, and concentrated in vacuo. To the residue in Et,O (300 mL) was added 30% NaOH (3
mL), and the resultant mixture was stirred at 0 °C for 1 h. The two phases were separated, and the
aqueous phase was extracted twice with Et,O. The combined organic phases were washed with
brine, dried, filtered, and then concentrated in vacuo. The product was purified by Flash
Chromatography on silica gel (7:3 Hex:EtOACc) to afford the title compound 5b as a colorless oil
in 79% vyield (8:2 mixture of both diastereoisomers). The enantiomeric ratio of the two
diastereoisomers of the product was determined to be 97:3 and 92:8 by UPC? analysis on a Daicel
Chiralpak IE column (eluent: 80:20 CO,/IPA; flow rate 1.00 mL/min, A = 250 nm t™ajorgis1 =
4.13 min, TMInor dias1 = 4.06 Min; t™Minorgias2 = 4.32 min, T™Major gias2 = 4.40 min.

[a]o? = +40.9 (c = 0.5 /100 mL, CHClIs)
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'H NMR (500 MHz, CDCls) & 7.40 — 7.32 (m, 10H diast1 + diast2), 4.00 (d, J = 1.7 Hz, 1H
diastl), 3.97 (d, J = 1.3 Hz, 1H diast2), 3.26 (m, 4H diastl + diast2) 1.43 — 1.24 (m, 2H diastl +
diast2) 1.21 (d, J = 6.7 Hz, 3H diast1), 1.00 (d, J = 6.9 Hz, 3H diast2).

BC NMR (126 MHz, CDCls) § 134.78, 134.75, 128.92, 128.59, 128.56, 128.34, 126.66, 126.55,
117.90, 117.50, 67.55, 66.88, 66.63, 64.13, 63.65, 63.13, 29.97, 29.02, 22.12, 20.75, 17.05, 15.00.

HRMS (ESI): m/z calculated for [C2H23N2] [M+H]*: 291.1861; found: 291.1856

E5.3 Eshenmoser-Claisen Rearrangement

o Ph
oh /CN Me07(OMe
NMe, \T \\\\\\CN
Xylene

130°C, 1h
5a 5¢:98% (1:1dr)
79:21 er

¢

In an oven dried Schlenk tube charged with a magnetic stirring bar, alchol 5a (40 mg, 0.2 mmol,
1 eq.) was dissolved in xylene (0.3M). N,N-dimethylacetamide dimethyl acetal (88 uL, 0.6 mmol,
3 equiv.) was added and the solution was then stirred for 1 hour at 130 °C. The starting material
was totally consumed (checked by TLC) and the reaction was removed from the oil bath. After
the reaction cooled down, the solution was concentrated through rotary evaporation and the
product purified by flash chromatography on silica gel (1:1 Hex:EtOAc) to afford the title
compound 5c as a brownish oil in quantitative yield (53 mg). The enantiomeric ratio was
determined to be 79:21 by UPC? analysis on a Daicel Chiralpak IE column (eluent: 90:10
CO2/EtOH; flow rate 1.00 mL/min, A = 250 nm. t™Majordgiss1 = 6.85 min, TMinor gias1 = 7.12 min;
TMinorgiasz = 7.84 min, T™Major gias2 = 8.35 min.

[0]o? = -88.3 (c = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) & 7.48 (m, 4H diastl + diast2), 7.34 (m, 6H diastl + diast2), 5.38
(s, 1H, diastl), 5.34 (s, 1H, diast2), 5.06 (s, 1H, diastl), 4.99 (s, 1H, diast2), 3.47 (m, 1H,
diast2), 3.37 (m, 1H, diastl), 3.07 (s, 3H, diast2), 3.03 (s, 3H, diastl), 2.97 (s, 3H, diast2), 2.94
(s, 3H, diast1),2.80-2.65 (m, 2H diastl + diast2), 2.60-2.00 (m, 8H diastl + diast2), 1.13 (d, J =
6.7 Hz, 3H, diast2), 1.09 (d, J = 6.8 Hz, 3H, diast1).

B3C NMR (126 MHz, CDCls) § 171.09, 170.99, 150.88, 150.19, 142.76, 142.39, 128.56, 128.53,
127.80, 126.89, 126.88, 119.26, 119.16, 113.72, 113.65, 44.48, 44.13, 37.39, 37.35, 35.69, 34.45,
34.26, 33.90, 33.37, 22.97, 22.00, 17.17, 16.98.

HRMS (ESI): m/z calculated for [C17H23N20] [M+H]*: 271.1810; found: 271.1805

E5.4 Esterification

1) Ferrocenyl Carboxylic Acid oN

Oxalyl Chloride, DMF ph
CN : z
PR < DCM, rt., 1h @\H/o :
HOM Fe
2) 6a, DMAP, Q o
DCM, Overnight 5d: 78%
5a 80:20 er

To a suspension of ferrocenecarboxylic acid (104 mg, 0.450 mmol, 1.4 equiv.) in DCM (1 mL)
were added oxalyl chloride (0.036 mL, 0.420 mmol, 1.3 equiv.) and three drops of dry DMF at 0
C. After the gas evolution ceased and the reaction mixture turned into a clear solution, it was
stirred for 0.5 h at ambient temperature. Next, a solution of 5a (65 mg, 0.32 mmol, 1.0 equiv.)
and DMAP (106 mg, 0.870 mmol, 2.7 equiv.) in DCM (1 mL) was added and the reaction mixture
was stirred for 16 h at ambient temperature. The reaction mixture was quenched by adding a small
amount of silica gel and concentrating to dryness. The crude product was purified by flash
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chromatography on silica gel (70:30 Hexane:EtOAC) to afford the title product 5d as an orange
oil in 78% yield. The enantiomeric ratio was determined to be 79:21 by UPC? analysis on a Daicel
Chiralpak IB column (eluent: 85:15 CO2/MeCN; flow rate 1.00 mL/min, A = 250 nm. Tminor = 3.5
min, Tmajor = 3.7 MiN.

[0]o® = -54.7 (¢ = 0.5 g/100 mL, CHCls)

'H NMR (500 MHz, CDCls) § 7.42 (m, 2H), 7.34 (m, 1H), 7.28 (m, 2H), 5.69 (d, J = 10.2 Hz,
1H), 4.89 (qd, J = 13.0, 1.1 Hz, 2H), 4.74 (bs, 2H), 4.28 (bs, 2H), 2.72 (m, 1H), 2.31 (d, J = 6.5
Hz, 2H), 1.16 (d, J = 6.7 Hz, 3H)

BC NMR (101 MHz, CDCls) & 171.40, 138.57, 137.60, 132.30, 128.75, 128.45, 127.95, 118.29,
71.62, 70.35, 69.98, 68.12, 30.18, 24.97, 20.55

HRMS (ESI): m/z calculated for [C2:sH23sNNaO2Fe]* [M+Na]*: 436.0975; found: 436.0970

E5.5 Wittig Olefination

® © CN
EtOOC.__PPh;Br Ph /
NaH EtOOCW
DCE, r.t., 1h
5e:91%
79:21 er

In an oven dried Schlenk tube, the Wittig reagent (86 mg, 0.2 mmol, 2 equiv.) was dissolved in
DCE (0.1M respect to the substrate). Sodium hydride (60% in mineral oil) (5 mg, 0.12 mmol, 1.2
equiv.) was subsequently added to the solution which was stirred for additional 10 minutes. The
substrate (20 mg, 0.1 mmol, 1 equiv.) was added and the reaction was stirred 1h. After total
consumption of the starting material (checked by TLC), the reaction was quenched with water
and the organic phase was extracted twice with EtOAc, dried over anhydrous MgSO, and
concentrated by rotary evaporation. The product was purified by flash chromatography on silica
gel (85:15 Hex:EtOAC) to afford the title compound 5e as a brownish oil in 93% yield. The
enantiomeric ratio was determined to be 79:21 by UPC? analysis on a Daicel Chiralpak IG column
(eluent: 90:10 CO/IPA; flow rate 1.00 mL/min, A = 250 nm. tMinoryu = 5.3 min, TtMajor ron =
4.0 min.

[0]o = +65.9 (c = 0.5 g/100 mL, CHCls)

IH NMR (500 MHz, CDCls) § 7.47 (d, J = 15.6 Hz 1H), 7.41 (m, 2H), 7.36 (m, 1H), 7.11 (m,
2H), 5.92 (d, J = 10.2 Hz, 2H), 5.40 (d, J = 15.6 Hz, 2H), 4.16 (q, J = 7.1 Hz, 2H), 2.59 (m, 1H),
2.29 (d, J = 6.5 Hz, 2H), 1.25 (t, J = 7.1 Hz, 3H), 1.13 (d, J = 6.7 Hz, 3H).

3C NMR (101 MHz, CDCls) 5 167.03, 147.49, 141.78, 141.40, 135.82, 128.96, 128.88, 128.02,
121.47, 117.97, 60.48, 30.99, 24.56, 20.16, 14.35.

HRMS (ESI): m/z calculated for [C17H1sNO2Na]™ [M+Na]*: 292.1313; found: 292.1883
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E6. Unsuccessful Substrates

Unsuccessful Radical Precursors

Consumed \ Unreacted

O, L
5 N

NHBz o

7 O

Unsuccessful Enals

o Y g

(E)-4-methyl-2-phenylpent-2-enal (E)-2,4-diphenylbut-2-enal (E)-2-methylpent-2-enal

TMSO

Figure S7: Survey of substrates which failed to afford the expected products under optimal conditions.

Figure S7 highlights a survey of radical precursors which failed to give the expected
products. Radical precursors that were consumed under standard conditions but were not
trapped by the dienamine intermediate (probably due to the less electrophilic character of
the generated radicals) are shown on the left panel. The right panel displays substrates
that remained unreacted and were not consumed under standard conditions.

As for the enals (lower panel), (E)-4-methyl-2-phenylpent-2-enal did not react probably
because of a difficult dienamine formation. (E)-2,4-diphenylbut-2-enal and (E)-2-
methylpent-2-enal also did not afford the expected products. Despite our efforts to
rationalise their poor performance, we could not find a satisfactory answer to their failure
as substrates.

E7. Determination of the Absolute Configuration

i
Ph 9
O3 I
S TEEE— S
| S DCM:MeOH Wey
W CcN R

78°C

(S)-3-methyl-4-oxobutanenitrile 6a
3a [a] = -42.5

MacMillan catalyst (20%)
[0} Ru(bpy)3sCl, x 6H,0 (1%

/
| g
Lutidine (2 eq.)
B~ cn VSO > eN TIOH
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Figure S8: Determination of the absolute configuration by correlation.

The absolute configuration was obtained by correlation with a known compound. The model
product 3a was subjected to ozonolysis to achieve the corresponding a-branched aldehyde 6a
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which optical rotation was measured to be [a]p?® = -42.5 (¢ = 1 g/100 mL, CHCIs). The same
compound was obtained subjecting propanal to conditions reported by MacMillan et al. for the
asymmetric o-cyanomethylation of aldehydes.® Although this very compound (6a) was not
synthetized by MacMillan, the same reaction using octanal afforded the corresponding product
with a (R) absolute configuration. Assuming a consistent stereochemical outcome for the
alkylation of propanal, we prepared an authentic sample of 6a applying the MacMillan conditions;
the optical rotation was measured to be [a]p?® = +47.2 (¢ = 1 g/100 mL, CHCls).

Because of the opposite optical rotation values, we therefore assigned an (S) absolute
configuration to the stereocenter produced with our protocol. That the opposite enantiomers of 6a
were obtained using the two procedures was also corroborated by UPC? analysis, as shown by the
chromatograms reported below:
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Figure S9: Upper chromatogram: 6a synthetized through ozonolysis of 3a, prepared according to the presented y-
alkylation protocol of enals. Lower chromatogram: 6a synthetized t according to the MacMillan protocol (Ref. 5).

E8. Quantum Yield Measurement

A ferrioxalate actinometer solution was prepared by following the Hammond variation of the
Hatchard and Parker procedure outlined in the Handbook of Photochemistry’. The ferrioxalate
actinometer solution measures the decomposition of ferric ions to ferrous ions, which are
complexed by 1,10-phenanthroline and monitored by UV/Vis absorbance at 510 nm. The moles
of iron-phenanthroline complex formed are related to moles of photons absorbed.

The following solutions were prepared and stored in a dark laboratory (red light):

1. Potassium ferrioxalate solution: 294.8 mg of potassium ferrioxalate (commercially
available from Alfa Aesar) and 139 pL of sulfuric acid (96%) were added to a 50 mL
volumetric flask, and filled to the mark with water (HPLC grade).
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2. Phenanthroline solution: 0.2% by weight of 1,10-phenanthroline in water (100 mg in 50
mL volumetric flask).

3. Buffer solution: 2.47 g of NaOAc and 0.5 mL of sulfuric acid (96%) were added to a 50
mL volumetric flask, and filled to the mark with water (HPLC grade).

The actinometry measurements were done as follows:

1. 1 mL of the actinometer solution was added to a vial. The vial was placed in the reactor.

2. The solution was irradiated at 460 nm (irradiance 238 mW/cm?). This procedure was
repeated 4 times, quenching the solutions after different time intervals: 1 sec, 2 sec, 4 sec,
and 6 sec. Then a model reaction was set following the general procedure (See paragraph
E2.1), placed in the irradiation set up and it has been irradiated for 25 minutes. This
procedure has been performed other two times with different irradiation times (30 min
and 35 min).

3. After irradiation, the actinometer solutions were removed and placed in a 10 mL
volumetric flask containing 0.5 mL of 1,10-phenanthroline solution and 2 mL of buffer
solution. These flasks were filled to the mark with water (HPLC grade).

4. The UV-Vis spectra of the complexed actinometer samples were recorded for each time
interval. The absorbance of the complexed actinometer solution was monitored at 510

nm.

3 Actinometer
2.5

2
1.5

1
0.5

0

300 350 400 450 500 550 600 650 700
6 seconds 4 seconds 1 second 2 seconds Reference

Figure $10: Actinometry
The moles of Fe?* formed for each sample is determined using Beers’ Law (Eq. 1) :
Mols of Fe(ll) = V1xV3x AA(510 nm)/103xV2x[xg(510 nm) (Eq. 1)

where V1 is the irradiated volume (1 mL), V2 is the aliquot of the irradiated solution taken for
the determination of the ferrous ions (1 mL), V3 is the final volume after complexation with
phenanthroline (10 mL), | is the optical path-length of the irradiation cell (1 cm), AA(510 nm) is
the optical difference in absorbance between the irradiated solution and the one stored in the dark,
€(510 nm) is the extinction coefficient the complex Fe(phen)s?* at 510 nm (11100 L mol-1 ¢cm1).
The moles of Fe2+ formed (x) are plotted as a function of time (t). The slope of this line was
correlated to the moles of incident photons by unit of time (q0 n,p) by the use of the following
Equation 2:

®(A) = dx/dt qn,p 0 [1-10-A(2) ] (Eq. 2)
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where dx/dt is the rate of change of a measurable quantity (spectral or any other property), the
quantum yield (®) for Fe2+ at 458 nm is 1.1,8 [1-102™] is the ratio of absorbed photons by the
solution, and A(M) is the absorbance of the actinometer at the wavelength used to carry out the
experiments (460 nm). The absorbance at 460 nm A(460) was measured using a Shimadzu
2401PC UV-Vis spectrophotometer in a 10 mm path quartz cuvette, obtaining an absorbance of
0.14. g%, the photon flux was determined to be 1.12x10°.

Mol Fe(ll) vs. Time
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Figure S11: Plot of mols of Fe2+ formed vs irradiation time. Slope of the line correlates to the moles of incident photons by
unit of time.

The moles of product 3a formed for the model reaction were determined by GC measurement
(FID detector) using 1,3,5-trimethoxybenzene as internal standard. The moles of product per unit
of time are related to the number of photons absorbed. The photons absorbed are correlated to the
number of incident photons by the use of Equation 1. According to this, if we plot the moles of
product (x) versus the moles of incident photons (q0 n,p-dt), the slope is equal to: ®-(1-10-A(460
nm)), where @ is the quantum yield to be determined and A(460 nm) is the absorption of the
reaction under study. A (460 nm) was measured using a Shimadzu 2401PC UV-Vis
spectrophotometer in 10 mm path quartz. An absorbance of 1.12 was determined for the model
reaction mixture.
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Figure S12: Plot of mols of incident photons vs mols of product formed. Slope of the line correlates to quantum yield
of the photochemical transformation.
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The quantum yield (®)ca. Of the photochemical transformation was measured to be 0.0014, which
hints to a closed catalytic cycle being operational.
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G. NMR Spectra

IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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19F NMR (471 MHz, CDCl5)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)

£ SBEBEERRANRFSSRARRRRARARKANARYATORE BHARARARANGYS g
R SO SS P =
0
Ph
H
\\\\\ Br
Me
[ [
e | ‘
N
IR [
| |' #
I|| J J ;o |
]
[
1
] [
Il 1
¥ e ' T A
5 BIEE 8 8 8 g
2 2238 g g 3 B
T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
13C NMR (126 MHz, CDCls)
T3 1] BEAGRVNEESORE o @ ~
88 & CHAHARRARAN g 8 &
I I SN2
| { 1
[
1 1 |
J L L .
200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 30 20 10 0
f1 (ppm)

S43



IH NMR (500 MHz, CDCls)
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1F NMR (471 MHz, CDCl5)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (400 MHz, CDCls)

3 PERsEs0LEEARRRRARREARLENNER MEHEERARSS A
| L N e = Ry W
0
y Ph CF,
\\‘\\
Me O
3m

it Ty i\ oy T
® 58 59 E g8 2
T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 L0 05
f1 (ppm)
13C NMR (126 MHz, CDCly)
B W HMESBREGRAARIRKERBES o = z
28 REBEARSHRERANN KA g = =
\ |
]
|
I
LAl 4

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ‘ %UU ) 90 80 70 60 50 40 30 20 10 0
1 (ppm

S49



19F NMR (376 MHz, CDCl5)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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1F NMR (471 MHz, CDCl5)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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'H NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls, 25 °C)
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13C NMR (126 MHz, CDCl5)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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Starting material precursor
!H NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCl)
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IH NMR (500 MHz, CDCl)
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IH NMR (500 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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'H NMR (500 MHz, CDCls)
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H. UPC? traces

Full trace for 3a enantioenriched:
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Full trace for 3c enantioenriched:

mbl-342_IGB2 Sm (Mn, 2x3) Diode Array
380 _ 250
E 16066 Range: 4.617e-1
rea
E Time  Height Area  Area%
Hoei] 3.80 456973 16065.95 84.65
S 0) 412 7315 291312 1535
Ph Me
3.0e-1]
E \)
w
25e-1]
=5 E
<
2.0e-1] Me O
1.5e-1]
1.0e-14
4.12
E 2913
5.0e-2
0.04 i
000 050 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
MBL-342RATEm (Mn, 2x3) Diode Array
379 _ Range: 3.855e+1
1372069 Area
Time  Height Area Area%
S:5e4) an 379 37927644 1372069.25  50.66
411 33462830 1336481.00 4934
3.25e+1 1536481
3.0e+1
2.75e+1
2.5e+1
2.25e+1
2.0e+1
=3
T 1.75e+1
1.5e+1
1.25e+1
1.0e+1
75
5.0
25
0.0
T T T T T T T T T T T T T T T T T T T T T T T T T u T T  Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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Full trace for 3d enantioenriched:

MBL-333 Sm (N, 2x3)

3.0e-1
2.8e-1
2.6e-1
2.4e1
22e1 H
2.0e-1
1.8e-1

1.6e-1

AU

1.4e-1
1.2e1
1.0e-1
8.0e-2
6.0e-2
4.0e-2
2.0e-2

0.0

Ph

\\‘\\

3d

415 _
12933

OMe

439
21

Diode Array

Range: 3.281e-1
Area

Area Area%
1293271 8267
271053 17.33

Time  Height
415 323522
439 66608

000 ' 050

Full trace for 3d racemic:

MBL-333_IGB3fac Sm (Mn, 2x3)

1.1e+1
1.0e+1
9.0
8.0
70

6.0

AU

5.0

40

30

20

HAG =
540869

439
534655

Diode Array
Range: 1.417e+1
Area

Area Area%
540868.50  50.29
534654 63  49.71

Time  Height
415 13574931
439 13104044

1 Time
9.00
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Full trace for 3e enantioenriched:
MBL-337 Sm (ih, 2x3)

2.6e-1

2.4e-1 O

2.2e-1

2.0e1 H
1.8e-1
\}
A\
1.6e-1 W

1.4e-1

AU
<
(0]

(@)

1.2e1
1.0e-1 3e
8.0e-2
6.0e-2

4.0e-2

2.0e-2

330 _
92711

354
1838

Diode Array

240

Range: 2.917e-1

rea

Time  Height Area Area%

330 286706 9270.54 8346
354 53232 183760 16.54

Full trace for 3e racemic:

MBL337rac_IGB2 Sm (Mn, 2x3)

3.75e-1
3.5e-1
3.25e-1
3.0e-1
2.75e-1
2.5e1
2.25e-1

2.0e-1

AU

1.75e-1
1.5e-1
1.25e-1
1.0e-1
7.5e-2
5.0e-2

2.5e-2

ooJ

OUL_JI\__“_M‘J
T - T

3.27 _
13660

3.52
13481

Diode Array

Range: 4.303e-1
Area

Area Area%
1365952 50.33
1348129 49,67

Time  Height
327 423991
352 385927
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Full trace for 3f enantioenriched:

MBL330_IG_B%Sm (Mn, 2x3) Diode Array
347 _ Range: 2.066e+1
721548 Area
1.8e+1 Time Height Area  Area%
E 347 19570880 721648.00 75.25
379 5036792 23738197 2475
1.6e+1] 0
1.4e+1] I
Ph Cl
1.2e+1
\\
1.0e+1 W
=
T e Me o C
6.0 3f
E 379
a0 237382
204
0.0 "
20 AR L Lt A Lo A s s R s A B B A L e A L A R A L R B A e s S nans s WL
000 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 .00
MBL330_RACYSm (Mn, 2x3) Diode Array
346 _ Range: 1.675e+1
588669 " Area
Time  Height Area Area%
346 15711636 588669.38 52.28
1Bai 380 11169002 537407.94 47.72
1.2e+1
1.1e+1 180
537408
1.0e+1
90
8.0
7.0
=2
& 6.0
5.0
4.0
3.0
20
10
0.0
1.0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 Time
000 050 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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Full trace for 3g enantioenriched:

MBL-384IEBS™Y

40841
38e+1
36es
3dest
228+t
20841
28e+1
26e+1
24e+t

22841

AU

20e+1

18e+1

16e+1

1de+1

1.2e41

1.0e+1

00

-20

w

Me (0]
39

Br

537 _
2403665

524
529247
L

18-Nov-2021 10:31:37

Diode Array

Range: 4.499¢+1

Area

Time  Height
524 11700882
193568

Area Aeath
52924738 1805
240356500 8195

0.00

Full trace for 3g racemic:

MBL-384racER3
8.0e+1
75841
7 0es1
6 5e+1
6.0e+1
5.5e+1
5.0e+1
45e41

2 a0en
356+
30e+1
25e+1
20e+1
15041

10841

521 _
3926276

543
a7

A
e R NN AN

A

2 Time
9.00

22-Nov-2021 12:20:42

Diod:
Range' 8

Time  Height A
527 34144344 INS2TETE
543 58601608 3439197 00

250

300

350

400

150

500

S87



Full trace for 3h enantioenriched:

MBL-348 Sm (WA, 2x3)

] (0]

5.5e-1

5.0e-13 H

4.5e-14

Ph

0\
)
4.0e-14 N

3.5e-14 M e O

3.0e-14

AU

2.5e-14
2 0e-1:
1.5e-1
1.0e-1

5.0e-24

OO—J

3.95 _
23788

Diode Array

250

Range: 6.418e-1

Area

Time  Height Area Area%
395 637635 2378842 8173
418 132311 5316.91 18.27

418
5317

-0.00

Full trace for 3h racemic:

MBL-348rac2§f (Mn, 2x3)

3.0e+1
2.8e+1
26e+1
2.4e+1
2.2e+1
2.0e+1
1.8e+1

1.6e+1

AU

1.4e+1

1.2e+1

1.0e+1

8.0

6.0

4.0

20

0.0

394 _
1211573

Diode Array
Range: 3.327e+1
Area
Area%
51.21
4879

Time  Height
394 32645196
417 28770450

Area
1211572.63
1154364.25

417
1154364

000 ' 080
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Full trace for 3i enantioenriched:

mbl-356-othergm (Mn, 2x3) Diode Array
420 _ 250
1.3e-1 10738 Range 143;;;
(@) Time  Height Area  Area%
1.2e1 399 20900 209251 16.31
F 420 138701 10737.74 83.69
1.1e1 Ph F
1.0e-1 H F
9.0e-2
R F
8.0e-2 F
7.0e-2 Me O
2 6oe2 3i
5.0e-2
4.0e-2
3.0e-2
2.0e-2 230%93
1.0e-2:
0.0
=108 -2 T T T T T T T T T e e L T TR TR R e PR e Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
mbl-356RAC Sf (Mn, 2x3) Diode Array
419_ 220
3 9114 Range: 1.174e-1
Area
1.0e-1 Time Height Area Area%
3 3.98 74896 8837.76  49.23
5
— 419 114891 911388 5077
8.0e-2
7.0e-2 389385
6.0e-2
5 50e-2]
< 3
4.0e-2
3.0e-2
2.0e-2
1.0e-2
0.0
E P —nir,
BB e e B e s e e e
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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Full trace for 3j enantioenriched:

MBL-386-EBT
511

80e41 520980

7.5e41

7.0e+1

Ph

CN

B.5es1
6.0e+1,

\\‘\\

5.5e+1
50e+1,
4.5e+1
40841
3.5e+1
30e+1, 5.00
1231273
ke
2.5e+1
20e+1
1.5841

1.0e+1

50

00

23-Nov-2021 16:15:29

Range: 8.472e+1

A
Time  Height Area Aves’
500 2M57210 123127313
511 83762760 552097950 8177

Full trace for 3j racemic

mBL-386rac-EF1
497

1.6es2 370019
1582
1 des2
13842
12882
1182
1.0es2
9.0e+1
8.0e+1
7.0e+1
6.0e+1

508+t

408+t

20841

20e+1

1.0e+1

00 J. I e A

5.08
9328045

23-Nov-2021 11:47:44
iode Array
Range. 1.649e+2

Area

Area Areath
1872146 0.1
7001900 47 24

Haight
415891

-0.00

T Time
900
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Full trace for 3k enantioenriched:

MBL-346 Sm (N, 2x3) Diode Array
447 _ 250
1669 Range: 4 489e-2
E Area
O Time Height Area Area%
3.0e-2 417 41112 1668.63 83.02
431 8453 34130 16.98
2.5e-2 H
2.0e-2 \
o
1.5e-24 N 02
1 Me O
2
1.0e-24 3 k
5.0e-3
E 4.31
341
0.0
-5.0e-34
-1.0e-29
T T T T T T T T T T T T T T T T T T T T T T T T T T  Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
MBL-346ray’3m (Mn, 2x3) Diode Array
416 _ Range: 9.751
E 383885 | - 4.30 Area
411841 Time Height Area Area%
3 416 9125395 383885.03 48.24
430 8940611 41184056 51.76
7.0
6.0
5.0
4.0
- E
<
3.0
2.0
1.04
s
e W
B L A A L L L A A A LA LA LA AR A LARAD AR LARLE RN T T T T T e Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 6.00 6.50 7.00 7.50 8.00 8.50
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Full trace for 3l enantioenriched:

MBL-347 Sm (WA, 2x3)

1.8e-14
] 0]

1.6e-1]
1.4e-1] H
1.2e-19 \\\\\
1.0e-1
8.0e-2
6.0e-2

4.0e-2

2.0e-2

400 _
7026

Diode Array

Range: 1.919e-1

Area

Height  Area Area%
190167 702598 78.08
50818 197262 21.92

Time
4.00
412

412
1973
Fa

Full trace for 3l racemic:

MBL-347rac Sif(Mn, 2x3)
4.0e+1
3.75e+1
3.5e+1
3.25e+1
3.0e+1
275e+1
2.5e+1
2.25e+1

2.0e+1

AU

1.75e+1

1.5e+1

1.25e+1

1.0e+1

7.5

5.0

25

0.0

399 _
1615340

T T T T T T T T T T T T T T T T

1 Time
8.50 9.00

Diode Array
Range: 4.147e+1
Area

Area Area%
151534025 51.36
1435169.63 4864

Time  Height
399 41004444
411 36930608

41
1435170

) Time

850 = 900
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Full trace for 3m enantioenriched:

MBL-420-0JB4 Sm (Mn, 2x3)

229

3.0e-1

2.75e-1

2.5e1

2.25e-1

2.0e1

1.75e-1

AU

1.5e-1

1.25e-1

1.0e-1

7.5e-2

5.0e-2

2.5e-2;

Diode Array

220

Range: 3.476e-1

Area

Time  Height Area Area%
229 339645 3295584 79.98
386 77717 824763 20.02

CF3

Full trace for 3m racemic:

MBL-420-racGyB4 Sm (Mn, 2x3)
229 _
— 4086725

3.5e+1 383
3790672
3.0e+1

2.5e+14

2.0e+1

AU

1.5e+1

1.0e+1

5.09

Diode Array

Range: 4.37%e+1

Area

Time Height Area Area%
229 41787536 408672450 51388
383 34442528 3790671.75 48.12
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Full trace for 3n enantioenriched:

MBL-291-ICBNSm (Mn, 2x3) Diode Array
285 _ Range: 5.921e+1
3039766 Area
5.5e+19 Time Height Area Area%
E 273 10231106 473774.72 1348
5 15 765.75
Steri] e} 285 57646156 3039765.75 86.52
4.5e+1 P h
4.0e+1
E \
35e+1] w
3.0e+1]
L 1 Me
<
2.5e+1
] 3n
2.0e+1
1.5e+1]
3 273
1.0e+1 Aty
5.0
0.0
T T T T T T T T T T T T T T T T T T T T T ) Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 .00
Full trace for 3n racemic:
MBLZQZ}ZACVE“ (Mn, 2x3) Diode Array
287 _
4.5e-24 3214 Range: 6.539%¢-2
3 275 Area
3 Time Height Area  Area%
4.0e-24 30% 275 48114 308952 49.01
3 287 52547 321442 5099
3.5¢-2]
3.0e-24
2.5¢-2]
2.0e-2
N 1.5e-2
2 3
1.0e-24
5.0e-24
0.0
-5.0e-24
-1.0e-2
-1.5e-24 /
T T T T T T T T T T T T T T T T T T T T  Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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Full trace for 30 enantioenriched:

MBL-292-0JB8%3m (Mn, 2x3)

3.25e+1

3.0e+1 O
275e+1 Ph

2.5e+1

2.25e+1 \Y
e+ \‘\\

2.0e+1

1.75e+1

AU

15e+1 30
1.25e+1
1.0e+1
75
50
25

0.0

290 _
1935586

Diode Array
Range: 3 633e+1

Area
Time Height Area Area%
243 3398143 249073.92 1140
290 35170568 1935586.00 88.60

-0.00 : 0‘50 160 1.50 2.00

Full trace for 30 racemic:

MBL328rac STy(Mn, 2x3)
1.2e-1
1.1e-1
1.0e-1
9.0e-2
8.0e-2
7.0e-2

6.0e-2

AU

5.0e-2

4.0e-2

3.0e-2

2.0e-2

1.0e-2:

0.0

-1.0e-2

-2.0e-2:

291_
7909

243
7385

Diode Array
210

1
Range: 1.479%e-1

Area

Time Height Area Area%
243 104914 738527 4829
291 138245 790851 51.71

000 ' 050 ' 100 ' 150 200
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Full trace for 3p (diastereoisomer 1) enantioenriched:

EMO099-ICB2 Sn| (Mn, 2x3) Diode Array
O 491 _ Range: 3.035e+1
1649959 Area
Time Height Area Area%
2.5e+1 Ph 49 164995925 91.21
H 504 15909934 879
2.0e+1
(0]
\
i3 1004 w \\
1.0e+1 \
i Me O |
504
50
3p J59099,\ [
004k ‘\_. J \
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ) Time
000 05 100 150 = 200 25 300 350 400 450 500 550 = 600 650 700 750 800 850 900
Full trace for 3p (diastereoisomer 2) enantioenriched:
EM099-ICB2 S{Mn, 2x3) Diode Array
Range: 3 035¢+1
Area
E Time Height Area Area%
2.5e+1 539 3444239 21885730 14.15
583 18692660 132790225 8585
4 583
2.0e+ 1327902
1.5e+1
2
1.0e+1
50 5.39
3 218857
004K
A T AL e AL L s L S AR s i L s s
000 ' 050 100 150 = 200 250 300 350 = 400 = 450 65 700 750 800 850  9.00
Full trace for 3p (Both diastereoisomers) racemic:
MBL-241rac-I5B2 Sm (Mn, 2x3) Diode Array
485 _ Range: 2.013e+1
1043727 Area
1.8e+1 Time Height Area Area%
485 19620186 1043727.31 4473
E 498 14746805 83055544 3559
1.6e+1 5.32 72 215934.27 9.25
B 498 . a 1
830555
1.4e+1
1.2e+14
1.0e+1
" E
<
8.0
6.09
4.0
E 532 577
215934 2433%
R Time
7.50 8.00 8.50 .00
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Full trace for 3q enantioenriched:

MBL-365-1A52
42
40
28

36

o Ph
32 H

30
\}

28 W

26

24 Me

22

20 3q

8.0e-1
6.0e-1
4.0e-1

20e1

382 _

143057

37
37780

19-Nov-2021 16:54:13
Diode Array

2492203

Ran

Area
37779 68
143057.02

Time  Height
373 1230654

Full trace for 3g racemic:

5 Time
2.00

MBL-385-rac Y

44e41
42841
40e+t
38e+
36e+
3dest
32641
3.0e+1
28es1
26641

24e+1

AD

22641

20e+1

18e+1

1.6e+1

14e+1

12641

10841

6.0

40
20

a7 _
1552328

382
1657418

22-Nov-2021 09:08:07
Diode Array

Range’ 4 8756+1

Area

Area Aresth
328 38 4992
825 5008

Time

Height
7!

-0.00
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Full trace for 3r enantioenriched:

MBL-354-IcB1%x Sm (Mn, 2x3) Diode Array
287 .. Range: 9.592
E 428164 Area
Time  Height Area Area%
B 287 8608112 428164.03 7562
312 3032681 138060.55 24.38
7.0
OH
Ph
6.09
] OoN
\\‘\\
5.0
] Me CF
40 3
2 1 Reduced 3r
3.0 312
] 138061
2.09
1.0
0.04
-1.04
T T T T T T T T T T T T T T T T T T T T T T  Time
-0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50
Full trace for 3r racemic:
MBL-354RACYB1 Sm (Mn, 2x3) Diode Array
341
7891 | Range: 1.778e-1
Area
1.6e-1 Time Height  Area Area%
287 287 147352 720509 47.73
] 7205 311 172690 7890.68 5227
1.4e-1
1.2e-19
1.0e-14
2 80e2]
6.0e-2
4.0e-2]
2.0e-2]
0.0
T T 7 Frrr e e Time
000 050 1.00 1.50 2.00 250 300 350 400 450 500 550 600 6.50 7.00 750 800 850  9.00
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Full trace for 3s enantioenriched:

EM092-ICB2 Syf (Mn, 2x3)

8.0e+1 O

7.5e+1

7.0e+1 H

6.5e+1

536 .
6145867
Ph

6.0e+1 \)
w
5.5e+1

5.0e+1

Me

4.5e+1

NO,

AU

4.0e+1 3
35e+1 S
3.0e+1
2541 1oaeret
2.0e+1
1.5e+1
1.0e+1

50

0.0 L

Diode Array

Range: 8.582e+1

Area

Time  Height Area  Area%
5.36 85513888 6145866.50 75.77
5.84 22919782 1965180.88 24.23

-0.00 050 1.00 1.50 200 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00

Full trace for 3s racemic:

MBL-352rac Sif (Mn, 2x3)

542 _
E 2786918
35041

3.25e+1

591
3091650

3.0e+1

2.75e+14
2.5e+1

2.25e+14

2.0e+1]

1.75e+14

AU

1.5e+14

1.25e+14

1.0e+14

7.59

5.04

254

il

Diode Array

Range: 3.799e+1

Area

Time Height Area Area%
542 37746284 2786917.75 47.41
591 34889384 3091649.75 52.59
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Full trace for 3s enantioenriched:

EM184_ICB2§f (Mn, 2x3) Diode Array
418 _ 220
53191 Range: 9.929e-1
E Area
Me Time  Height Area  Area%
E 402 262941 1323151 19.92
E (@] 418 979496 53190.97 80.08
8.0e-1]
7.0e-14
F \}
W\
6.0e-1] W CN
> 50e-1] Me
<
4.0e-14 4a
4.02
3.0e-1] 13232
X
2.0e-1]
1.0e-19
0.04 T
L Lt A naa s s A A B A B A B A L VA L o DAL A e WAL L AR S AR L A ARS M na LS
000 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
EM-184rac12-1 Sm (Mn, 2x3) Diode Array
210
1.1 Range: 1.188
rea
E Time  Height Area Area%
10] 400 452295 23038.69 40.35
417 634713 3406364 59.65
9.0e-1
3 417
8.0e-1 34064
7.0e-14
3 4.00
23039
6.0e-1
2 3
5.0e-1]
4.0e-1]
3.0e-1]
2.0e-1
1.0e-1]
g 0-\J L‘\
i Aasssnasas: 7 T T T T T T T T Time
-0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50
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Full trace for 4b enantioenriched:

EM187_IcB1 ST (Mn, 2x3) Diode Array
320 _
10484 Range: 2.781e-1
Area
2.4e1 Time  Height Area Area%
(0] 3.08 66489 260294 19.89
2504 320 267883 1048405 80.11
2.0e-1 Me
1.8e-1
\\
1661 W ~N CN
1.4e-1
Me
2 12e1
1.0e-1 4 b
8.0e-2
3.08
6.0e-2 0%
4.0e-2
2.0e-2
0.0
-2.0e-2 Sazaa: T ISnaazRansy RARAARASszaman: T RSasanaaas T T T T P Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
MBL-em187rayfaybe Sm (Mn, 2x3) Diode Array
32 3.95 Range: 4.595e+1
] 2646902 | Area
2643249 Time  Height Area Area%
soeiid 312 44639648 264690175  50.03
3.25 44096064 264324850 49.97
3.5e+14
3.0e+1
2.5e+1
2
< 2.0e+17
1.5e+1]
1.0e+1
5.0
0.04
T T T T T T T T 1y T T T T T T T T T T T T y T Time
-0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.51
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Full trace for 4c (rotamer 1) enantioenriched:

EM165_IcB1 S (Mn, 2x3) Diode Array
Me 338 _ Range: 2.234e+1
O 932185 Area
] Time  Height Area Area%
321 ST 23738247 2030
toext; H 33 212546 SR1B00 7970
\}
10e+14 W
2 CN
] Me k¥l
2] 218
] 4c
0.0 2
A 1 1 1 1 1 1 T 1 T 1 T T T 1 ! 1 T 1 1 1 T 1 1 1 T ITlme
000 05 100 15 200 25 300 35 400 45 500 55 600 65 700 750 800 850 900
Full trace for 4c (rotamer 2) enantioenriched:
EM165_IcB1 Si(Mn, 2x3) Diode Array
Range: 2.234e+1
Area
E Time  Height Area Area%
371 463515 21919.04  19.42
15041 389 1796276 9273975 8088
1.0e+1
L ]
5.0
004 | i
000 050 = 100 = 150 = 200 250 300 = 350 400 450 = 500 = 55 = 600 630 700 750 800 = 830 900
Full trace for 4c (rotamer 1 + rotamer 2) racemic:
EM166_IcB1 W(Mn 2x3) Diode Array
320 _ 336 Range: 207_Ze+1
'
3 798400 | g7 Time  Height Al i
3.20 19451156 795399.56 42.04
3 3.36 18451602 801731.19 42.37
i 369 3 14844147 785
1.4e+1
1.2e+1
1.0e+14
8.0
2 3
6.0
404
204 369 387
148441146585
0.04
2.0
-0.00 0.50 1.00 1.50 200 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 00
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Full trace for 4d enantioenriched:

EM163_icB2 Sy (Mn, 2x3) Diode Array
447 _ 220
3 3723 Range: 6.674e-1
E B r rea
Time  Height Area Area%
6.0e-1 (@] 430 177971 943014 2031
E 447 663950 3723535 79.69
5.5e-1
5.0e-1 H
4.5e-1
3 \\\\\\ CN
4.0e-1
3.50-13 Me
=3
2 E
3.0e-14 4d
2.5e-1
2.0e-1 430
3 9490
1.5e-1
1.0e-1]
5.0e-2
00 e e e ey RARRARAIA nARas nanss ; JRARRN R nanan s wARAR e NARAMRaaas sasas anns T T e Time
000 050 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00

Full trace for 4d racemic:

EM163RAC_RB2 Sm (Mn, 2x3) Diode Array
437 _
1.6e-19 9051 Range: 1.732e-1
Area
3 Time Height Area Area%
4.37 168886 905117 5251
1.46-1] 454 454 141363 818445 47.49
8184
1.2e-14
1.0e-14
5 80e2]
o
6.0e-2
4.0e-2
2.0e-2
0.0
) T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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Full trace for 4e enantioenriched:

EM167_ICB2 5 (Mn, 2x3) Diode Array
429 _ Range: 2.993e+1
1648708 Area
Time  Height Area Area%
OMe 409 7005521 36162222 17.99
2.6e+1 0 429 29405934 1648707.50 82.01
2.4e+1
2.2e+1 H
2.0e+1
1.8e+1 \\\\\\ C N
1.6e+1
2 1de+t Me
<
1.2e+1 4 e
1.0e+1
8.0 4.09
361622
6.0
40
20
0.0 L
T T T T T T T T T T T T T T T T T T T T T T T T T  Time
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 .00
EM170_IcB2 Sry (Mn, 2x3) Diode Array
409_ 216.727
1 0| 429 Range: 1.226e-1
5651 Area
1.0e-14

Time Height  Area Area%

409 97649 533958 4858
8.0e-24 429 91855 565083 5142

AU

Time
000 050 100 150 = 200 250 = 300 350 @ 400 450 = 500 55 = 600 650 700 750 800 = 850 900
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Full trace for 4f enantioenriched:

MBL236-B51a Sm (Mn, 2x3)

273
318965

5.0

45

4.0

35

30

AU

5.0e-1

-1.875e-T-

-5.0e-1

-2.5

Diode Array
Range: 8.013
Area

Area Area%
8662949 2136
318964.97 78.64

Time Height
261 1845044
273 6632216

000 | 050

Full trace for 4f racemic:

MBL326-RACa Sm (Mn, 2x3)

175 273

2 [ 145668

141394 |
15

1.25

1.0

7.5e-1
5.0e-1
25e-1
2.188e-7
o -2.5e-1

<
-5.0e-1

-7.5e-1

Diode Array
Range: 4.256
Area

Area Area%
14139369  49.26
145668.08  50.74

Time  Height
261 2895962
273 2078814

050 | 100

) Time
9.00
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Full trace for 4g enantioenriched:

MBL331_IB_E"%Sm (Mn, 2x3) Diode Array
259 _
9719 Range: 2.37e-1
E Area
2.0e-1] O Time  Height Area Area%
250 63614 2589.87 21.04
E 259 226180 971862 78.96
1.8e-14
E H
1.6e-1
\
E W\ N
1.4e-1 C N
1.2e-1 M e
2 10e1d 4g
8.0e-24
E 2.50
6.0e-24 2590
4.0e-24
2.0e-2
0.04
TTTTTT T TTrTTT T TTTTTT T T T JAARREARARY] T T T T T T T T T T T RARE) TrrTTT T t T ) Time:
-0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
Full trace for 4g racemic:
MBL-332racIB§f sm (Mn, 2x3) Diode Array
258 . Range: 2.4e+1
3 1187835 y Area
Time Height Area  Area%
E 250 _ 250 19868116 103719481 46.61
63 01708084 118783695
18e+13 1037195 258 21798254 1187835.25 53.39
1.6e+1
1.4e+14
1.2e+1
1.0e+14
3 E
g
§.04
6.04
4.04
204
0.0
-2.0
Rt T T T T T T T T T T e e T
-0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 00
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Full trace for 4h (2,4-dinitrophenylhydrazone derivatized) enantioenriched:

37582

3502

32582

3082

2752

25e2

2252

2082

17582

1.5e-2

1.25e-2

AL

1.0e-2

7 5e-3-

5.08-3-

2.5e-3-

-2 5e-3-

5 Oe-3-

-7 5e-3-

-1.0e-2

1.25e-2

17662

4060 10D

10-Mar-2022 09:40:13
Yiode Array

614
327

NO,

Area
Area Areat

Time  Height
595 49561 257290
X NHBS

598
2573

4514
54.86

o

R PR M PR

| o,

| i,

A "
'\w"\w A A . k’
Al p
"o {4 ]

\ f
)

A
k. Moo

T Y Time:
9.00

150 650 7.00 750 8.00 8.50

Full trace for 4h (2,4-dinitrophenylhydrazone derivatized) racemic:

MBL-406-RAC

7.0e-2

6.5¢-2-

6.0e-2

5582

5082

4 5e-2-

4.0e-2-

3.5e-2

3.0e-2

2502

20e-2

15e-2

1082

5085

0.0

-5.0e-3

-1.0e-2

-1.5e-2

2082

2582

3062

3582

4082

000

21-Mar-2022 1
D

30 o

Range: 1

Area

Time Height Area  Area%
596 13655 80346 4901

612 14003 84109 5099

e IWMWMW\PMMA,MWM

5.965.12
808 g1 »

™ /
MM\J,’HVMP’W T T

T T T T T T T Y Time:
050 650 7.00 7.50 8.00 8.50 9.00
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Full trace for 4i (2,4-dinitrophenylhydrazone derivatized) enantioenriched:

10-Mar-2022 11:25:43
MBL-405h_IABE Diode Array

360 3.0000Da

NO, Range 7.9366.2
3.5e-2- Time Hesght Area Asea¥
709 41006 270810 4423
B4 41700 341504 5577

3 0e-2-

2 De-2- HN <

1.0e-2

H
R e 70

5.0e-3- 2108

0.0 fw
2
%

N

1082 M‘w

1802 a0, 4

L
20 M"‘\J,\M
20e2

000 | 0b0 | 100 | 10 200 | 280 800 | 850 | 400 | 460 | 500 | 640 | 600 650 700 750 800 sk 900

Full trace for 4i (2,4-dinitrophenylhydrazone derivatized) racemic:

10-Mar-2022 11:25:43
MBL-405n_IABE Diode Array
210 3.00000a
Range 2 158e-1
Area
1561 Time Heigh  Area Ateat%
764 709 20866
.09 764 20610

‘ 1382 1654

8431 4542
1481 356 6458

1.3e-1 ’I A
. /k M wﬂ/ﬂﬁfﬂﬂuﬁqu\Jkﬁ A

1081

1
0.0e-2: /L
802 f\/‘
70e2 /

6082 /

50e-2 l’

4082

A

3082
20e-2

1.0e-2

“0e2] |

-2 Oe-2 \\

302 \
-4 De-2- \
5082

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T y Time:
-0.00 0.50 100 150 200 250 300 350 400 450 $.00 5.50 £.00 650 700 750 8.00 850 9.00
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Full trace for 4j (2,4-dinitrophenylhydrazone derivatized) enantioenriched:

MBL-388H-IGB

AU

3.5e-2;

3.25e-2

3.0e-2;

2.75e-2

2.5e-2;

2.25e-2

2.0e-2;

1.75e-2

1.5e-2

1.25e-2

1.0e-2

7.5e-3

5.0e-3;

2.5e-3

0.0

-2.5e-3:

-5.0e-3

000 ' 050 | 100

7Sm (Mn, 2x3)

554 _

2958

NO,

O,N

\\\‘\

Diode Array
372

Range: 4.325e-2

Area

Time Height  Area Area%
554 41874 295800 5227
577 30636 270054 47.73

5.77
2701

Full trace for 4j racemic:

MBL-388-H-ray’Sm (Mn, 2x3)

AU

6.5e+1

6.0e+1

5.5e+1

5.0e+1

4.5e+1

4.0e+1

3.5e+1

3.0e+1

2.5e+1

2.0e+1

1.5e+1

1.0e+1

50

550 _
5057447

499

Diode Array

Range: 7.201e+1

Area

Time  Height Area Area%
550 71505328 5057447.00 5029
572 58967884 499948800 49.71

5.72
488
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Full trace for 5a enantioenriched:

20-Jan-2022 10:58:40

1M1 Diode Array
438 _ 220 3.0000Da
10974 Range: 1.704
1 Area
Time  Heigh Area Area%
1 438 1697104 11097420 78.89
E CN 460 477833 2963297 2111
1.5 Ph /
" HO X
139
124 5a
119
1.04
0e-14
0e-14
0e-14
0e-1]
1 460
0e-14 29693
0e-14
oe-14
0e-14
0e-1]
o N
T aase: T T T 7 T aane; T Ty amans; T T T 7 T aane: T Rsane ) Time
.00 0.50 1.00 1.50 200 250 300 350 450 5.00 550 6.00 6.50 7.00 7.50 8.00 8.50 .00
20-Jan-2022 09:58:17
MBL-alc hoIRATAT Diode Afray
438 _ 200
1278181
Time  Height Area
438 19910050 127418138 5477
460 16893138 55 0 45.23
18841
4.60
17e41 1055521
15041
15841
1.de+1
1.3e41
12041
11841
2 1.0e+1
a0
80
70
6.0
50 ﬂ
40
o
20
10 "
M
0o - N~ _ /
T BAnss sesns: T T T T T T T T T S e T
0.00 050 1.00 150 200 250 3.00 350 400 450 5.00 .50 600 650 7.00 750 800 850 9.00
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Full traces for 5b enantioenriched (both enantiomers), and Full traces for 5b Racemic (Bottom):

11-Feb-2022 22:13:40

‘JBL-?ZQ_\ESZW Diode Array
/CN 210 3.0000Da
- Range: 2026
] = Area
Time Height — Aea Areae
15 %R M8 28
10
"? 1 41
15184
5.0e-14 0%
mg Al
] S Ui
00—}
0 0% 10 43 200 2% 500 | 3% . 400 4% 50 &% 600 6% 700 7% &0 8® 90
MBL-322 |EB2 Diode Array
437 _ 210 3.0000Da
61652 Range: 2.026
] Area
Tme  Heght  Area Areas
15 L0 M) HBB BN
] 437 1698142 B165226 9190
104
b
g
50611 f‘
04— _}
T T T T e e e e
0100 050 100 150 200 250 300 350 400 450 550 6.00 650 700 750 900
MBL-348_|EB2 Diode Array
210 3.000002
Range: 2.004
E Area
Time  Height  Aea Ara%
15 410 7901 91723 1235
417 19 1236
5 1.0
E4
50814
] . . —
uu-\L
LR R R R LA ML R AN AR AR T T ISARARRARRa nanss nasn na nansa W1
00 040 100 150 200 550 600 640 700 750 800 850 900
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Full trace for 5¢ enantioenriched:

Full trace for 5¢ racemic:

MBL-401-RacTE10%B4
659

604

55

AL

5061

MBL-401-EB4- Diode Aray
Ph ™ _ Range: 8.9
9 1379647, Area
Time  Height Aea Area%h
W 676 2763085 37421094 2134
§0 \N W \CN i
T o |
20 5c
00
T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T 1
0o 030 100 150 200 250 300 350 400 430 500 530 6.00 6.50 700 750 8.00 850 900
MBL-401-EB4- Diode Aray
Range: 8.9
f\ Area
| 1A Time  Height Aeea Area%h
f \ USEEII{ T4 5967218 105360438 TE.9S
60 I 824 1936231 28091T% 205
2 40
20 ﬁ
DO T T T T T T T T T T T T T T T T T T 1 T T
000 050 100 150 200 250 300 350 400 450 500 550 6.00

20-Jan-2022 17:36:59
Diode Array
Range: 7.609

Area
Time  Height Area Area%h
1096144 16060763 2616

7 6 3168

712
685 194644
160608

784
142124

835
16793

T

2 Time

-0.00

2.00
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Full trace for 5d enantioenriched:

MBL-362-BE Ty

7.0e1
65614

6.0e-1

5.0e-1
2 seq

4.0e-1

2.0e-1
1.5e-14
1081
5082

00—

367
79056

347
19361

14-Dec-2021 09:59:16
Diode Array

220 3 0000DA

Range: 9 827e-1

rea
Time Height  Aea Area%
347 200M3 1936112 1967

367 974022 7905636 8033

Full trace for 5d racemic:

T T  Time

00 850 300

MBL-362-rac- T2

2.4e-1

2.2e-1

20e-1

14e-1

2082

2062

377 _
24847

21-Jan-2022 17:24:06

Area
Area Area%
4439
5561

Time  Height
356 262842 199
377 281483 24

000 | 050
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Full trace for 5e enantioenriched:

MBL-397-x-igb’5m (Mn, 2x3)

402 _

21277

3.25e-1
3.0e1

2.75e-1

2.5e1

2.25e-1

2.0e-1

AU

1.75e1

5e

1.5e-1

1.25e-1

1.0e-1

7.5e-2

5.0e-2

2.5e-2

Diode Array

254

Range: 3.824e-1

Area

Time  Height Area Area%

402 376342 2127720 78.85
531 107350 570654 2115

5.31
5707

Full trace for 5e racemic:

MBL-WITTIGr3’Sm (Mn, 2x3)
4.04 _
17279

2.6e-1
2.4e-1
2.2e-1
2.0e-1
1.8e-1
1.6e-1

1.4e-1

AU

1.2e-1

1.0e-1

8.0e-2

6.0e-2

4.0e-2

2.0e-2

00

T T T T T T ) Time
5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00

Diode Array
250

Range: 2.922e-1
rea

Area  Area%

1727879 5491
1418633  45.09

14186 Time Height
4.04 285179
526 265529

000 050 | 100 = 150 | 200 250 | 300 ' 350 400

T T T ) Time:
5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
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