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General Procedures

Dry CH2Cl2 was directly purchased from Aldrich. Chiral gold complexes Au1', (S,S,S)-Au2’, (S,R,R)- and
(R,S,S)-Au22, Au9', Au103, Au114, Au123 and Au135 are known compounds and were synthesized from the
corresponding phosphoramidite ligands following reported procedures. Au14°, Au15’, Au168 and Au17° are
known compounds and were prepared according well-established procedures. Au5 is a known complex that
was prepared from the corresponding azolium salt according to the previously reported method.'® AgBArF
was synthesized from NaBAREF following a reported procedure.!

4-Methyl-N-phenyl-N-(propa-1,2-dien-1-yl)benzenesulfonamide (1a)'? and 3-(Propa-1,2-dien-1-yl)oxazolidin-2-
one (1b)'3 are known compounds and were synthesized following reported procedures. 3-methyl-1H-indene
(2e)'* was synthesized according to a reported procedure, from 2,3-dihydro-1H-inden-1-one and MeMgBr
(65% yield). But-1-en-2-ylbenzene (2b)'® and (3-methylbut-1-en-2-yl)benzene (2c)'® were synthesized from
their corresponding ketones following previously reported procedures.!”

(E)-(Prop-1-en-2-yl-1-d)benzene (E-d-2a) was prepared following a reported procedure,'® using CH2Cl2 as
solvent instead of 1,2-dichloroethane.

Tetrahydropyran cycloadducts 4baa, 4baa’, 4bae, 4bae’, 4baf, 4baf’, 4bda 4bea and 4bfa had been
previously synthesized in racemic manner. '® Their corresponding [a]o values are included in the
Characterization data section, together with the chiral HPLC analysis.

1,3-Dichloroisoquinoline,?® 2-(phenylethynyl)benzaldehyde (6),2' 2-(tert-butyl)-1-chloronaphthalene (8a),?? 2-
(2-(tert-butyl)naphthalen-1-yl)-4,4,5,5-tetramethyl-1,3-dioxolane (9a)?® and 3-chloro-1-(2-tert-butylnaphthalen-
1-yl)-isoquinoline (10a) were prepared according to literature procedures. 1,1'-
Bis(diphenylphosphino)ferrocene (dppf), Pdz(dba)s, Pd(PPhs)s and NiCl2(PMes). were purchased from
commercial suppliers.

All other alkenes, aldehydes and silver salts used were bought from Aldrich, Alfa Aesar, TCI or Acros and
used without further purification. Reactions were conducted in dry solvents under Argon atmosphere unless
otherwise stated. The abbreviation “rt” refers to reactions carried out approximately at 23 °C. Reaction
mixtures were stirred using Teflon-coated magnetic stirring bars. Thin-layer chromatography (TLC) was
performed on silica gel plates and components were visualized by observation under UV light, and/or by
treating the plates with p-anisaldehyde or cerium nitrate solutions, followed by heating. Flash chromatography
was carried out on silica gel unless otherwise stated. Dryings were performed with anhydrous Na>SO4 or
MgSOas. Concentration refers to the removal of volatile solvents via distillation using a Blchi rotary evaporator
followed by residual solvent removal under high vacuum. NMR spectra were recorded in CDCls, at 300 MHz,
400 MHz or 500 MHz. Carbon types and structure assignments were determined from DEPT-NMR and two-
dimensional experiments (HMQC and HMBC, COSY and NOESY). NMR spectra were analyzed using
MestreNova© NMR data processing software (www.mestrelab.com). The following abbreviations are used to
indicate signal multiplicity: s, singlet; d, doublet; t, triplet; q, quartet; p, pentet; dd, double doublet; td, triple
doublet; m, multiplet; br, broad. Electrospray ionization (ESI) mass spectra were recorded at the CACTUS
facility of the University of Santiago de Compostela. Cl, El, LSIMS and high-resolution mass spectra
(AUTOSPEC-Q mass spectrometer) were recorded at the CITIUS facility of the Univesity of Seville. The
reactions were monitored by TLC or GC-MS using the Agilent Technologies 6890N, Network GC System,
equipped with the Agilent 190915-433 column and the Agilent 5973 Inert Mass Selective Detector in Electron
Impact or Chemical lonization Mode (with Methane). Enantioselectivities were determined in an Agilent HPLC
1100 Series with Chiralpak IA, 1B, IA-3, IE-3, IF-3 and Chiralcel OZ-H analytical columns. X-Ray diffraction
experiments of 4baa and 4baa’ were carried out at the University of Pais Vasco (UPV/EHU), in a an Agilent
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Technologies Super-Nova diffractometer, which was equipped with monochromated Cu ka radiation (I =
1.54184 A) and Atlas CCD detector. Measurement was carried out at 150.00(10) K with the help of an Oxford
Cryostream 700 PLUS temperature device. Analysis of the absolute structure using likelihood methods (Hoofft,
Straver & Spek, 2008) was performed using PLATON (Spek, 2010). The results indicated that the absolute
structures had been correctly assigned. The method calculated that the probability that the structures are
inverted are smaller than 10-35. The absolute structure parameters y (Hooft, Straver & Spek, 2008) were
calculated using PLATON (Spek, 2010). The resulting values [y=0.00(8), and y= 0.07(6)], together with Flack
parameter values, indicate that the absolute structures have been determined correctly.
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Additional information related to footnote 26

Boat-like transition states such as TS1’ - TS4’ (Figure S1), although less likely, could also be operative

Some cases.
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Figure S1. Additional information related to footnote 26
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Optimization of the catalyst and reaction conditions

Table S1. Screening of different chiral gold catalysts in the model [2+2+2] cycloaddition reaction.?
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1b 2a 3a 4baa (2,6-cis) 4baa’ (2,6-trans)
Entry [Au] (X%) AgX Solv. T (°C) t(h) 4baa:4baa’ Yield® ee (4baa) ee (4baa’)
1 (R,S,S)-Au1 (5) AgNTf2  CH2Cl2 -78 3 2:1 85% 9% 18%
2 (R,R,R)-Au1 (5) AgNTf2  CH2Cl2 -78 1 2:1 83% 2% 20%
3 (R,S,S)-Au2 (5) AgNTf2  CH2Cl2 -78 0.5 2:1 97% 70% 81%
4c (R,S,S)-Au2 (5) AgNTf2 TFTY -25 0.2 2:1 77% 56% 80%
5¢ (R,S,S)-Au2 (5) AgNTf2  Toluene -78 1 6:1 59% 22% 31%
6° (R,S,S)-Au2 (5) AgNTf2 Et.O -78 0.5 4:1 72% 30% 36%
7 (R,S,S)-Au2 (5) AgNTf2 CHCIs -60 0.2 4:1 90% 41% 51%
8 (R,S,S)-Au2 (5) AgNTfz  CH2Cl2 -94 0.5 2:1 93% 74% 88%
9 (R,S,S)-Au2 (5) AgSbFs  CH2Cl2 -78 0.1 2:1 97% 68% 81%
10 (R,S,S)-Au2 (5) AgBF4 CH2Cl2 -94 0.5 4:1 91% 74% 90%
11 (R,R,R)-Au2 (5) AgNTf2  CH2Cl2 -78 0.2 2:1 95% 68% 54%
12 (R,S,S)-Au3 (5) AgNTf2  CH2Cl2 -78 0.2 1:1 91% 10% 66%
13 (R,S,S)-Au4 (5) AgNTf2  CH2Cl2 -78 0.1 3:1 97% 50% 26%
142 (R)-Au8 (5) AgNTf2  CH2Cl2 -78 3 2:1 77% 54% 40%
15 (R,R,R)-Au9 (5) AgNTf2  CH2Cl2 -78 0.1 2:1 98% 50% 38%
16 (S,R,R)-Au10 (5)  AgNTfa  CH2Cl2 -78 3 2:1 79% 15% 28%
17 (R,R,R)-Au10 (5)  AgNTf2  CH2Cl2 -78 0.1 2:1 95% 29% 23%
18 (S,RR)-Au11 (5)  AgNTfa  CHCl2 -78 0.2 3:1 97% 46% 18%
19 (S,S,S)-Au11 (5)  AgNTf2  CH2Cl2 -78 0.1 3:1 97% 52% 32%
20 (R R,R)-Au12 (5)  AgNTf2  CH2Cl2 -78 0.1 6:1 92% 40% 30%
21 (R R,R)-Au13 (5)  AgNTf2  CH2Cl2 -78 0.1 6:1 98% 46% 7%
22 (S)-Au14 (5) AgNTfz  CH2Cl2 -78 1.5 3:1 70% 4% 14%
23 (R)-Au15 (5) AgNTf2  CHXClz -78->-15 5 2:1 67% 29% 14%
24 (S)-Au16 (5) AgNTf2 CH2Cl2 -78 2 3:1 74% 13% 49%
25 (R)-Au17 (5) AgNTf2  CH2Cl2 -78 2 9:1 92% 58% 6%
26 (R)-Au5 (5) AgNTf2  CHxClz -70 ->-30 4 5:1 79% 78% 19%
271 (R)-Au5 (5) AgSbFs  CH:Clz -78 ->-70 26 8:1 30% 82% 18%
28 (R)-Au6 (5) AgNTfa  CH2Clz  -70->-30 20 5:1 37% 77% 4%
29 (R)-Au7 (5) AgNTf  CHClz -70->-30 8 6:1 95% 77% 21%
30 (R)-Au5 (10) AgNTf2  CH2Cl2 -70 24 9:1 80% 87% 22%
31 (R)-Au5 (10) AgBArF  CH2Cl2 -70 24 7:1 65% 82% 40%



32 Au18 (5)
33 (SR.R)-Au2 (5)
(S)-Au5 (10)
(R)-Au5 (10)

349
35h
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-78->-45 16 2:1 80% 0% 0%
-78->-30 16 2:1 60% 52% 58%
-70->-30 24 5:1 50% 75% 1%
-70->-30 19 5:1 39% 59% 2%

2 1b (1 equiv) added to a solution of 2a (2 equiv), 3a (10 equiv), [Au] (X %), AgX (X %) and 4A MS, in CHzCl2 at the
indicated temperature. Conversions (>99%), and dr determined by 'H-NMR of the crude mixture with internal standard. ®
Isolated combined yield of 4baa + 4baa’ (both isomers can be separated by chromatography). ¢ The solution needed to be
sonicated for 10-15 seconds at rt and quickly cooled again, repeatedly until complete solubilization of the allenamide. ¢
o,a,0-Trifluorotoluene. € 80% conversion. 765% conversion. 9 50% conversion. " 39% conversion.
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Figure S2. Catalysts employed in the screening of Table S1
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Procedures for the synthesis and characterization data of new gold catalysts

Chiral phosphoramidite ligands and their corresponding gold catalysts were prepared according to previously
reported literature procedures.’3 Au1’, (S,S,S)-Au2’, (R,S,S)-Au22, Au9', Au103, Au114, Au12® and Au13%
had been previously reported. The chiral NHC-gold complex Au5, as well as its axially chiral
triazoloisoquinolin-3-ylidene precursor had also been previously reported.' Their 'H and 3'P-NMR data was in
complete agreement with the reported values.

General Procedures for the synthesis of phosphoramidite ligands and their corresponding gold(l)
complexes (exemplified for the synthesis of (R,S,S)-Au3 and its phosphoramidite precursor (R,S,S)-L3.

‘ ‘ Cl
»41 Naomt O Na[AuCl,].2H,0 (1.1 equiv.) O N
-Napht o . >‘
CIH.HN i) PCl3, EtsN, CH.Cly O\P—N>\1_Napht 2,2-dithioethanol (3 equiv.) — py, o. I_ 1-Napht
i ° g o Ph o
Ph O

OH (RS,S)-L3 (R,S,S)-Au3

Ph OH
I (R)-Vanol

PCls (11 pL, 0.125 mmol), CH2Cl2 (0.245 mL) and EtsN (0.079 mL, 0.57 mmol) were added to a Schlenk tube
containing 3A MS, and the mixture was cooled at 0 °C. Then, a solution of Bis[(S)-(-)-(1-naphtyl)ethyl]Jamine
hydrochloride (0.045 g, 0.125 mmol) and EtsN (0.024 mL, 0.171 mmol) in CH2Cl2 was added over 30 min and
the resulting mixture was warmed at rt and stirred for 90 min. Then, the mixture was cooled again down to 0
°C and a solution of (R)-Vanol (0.05 g, 0.114 mmol) and EtsN (0.04 mL, 0.285 mmol) was added over 30 min.
The reaction was stirred at rt overnight, concentrated and purified by flash chromatography
(Hexane:DCM:EtOAc 18:2:0 — 15:3:2) to give (R,S,S)-L3 (40 mg, 0.051 mmol, 44% yield) as a white powder.
(R,S,S)-L3 '"H NMR (500 MHz, CDCl3) & 8.62 (d, J = 8.3 Hz, 1H), 8.54 (d, J = 8.3 Hz, 1H), 7.92 — 7.85 (m,
2H), 7.75 - 7.69 (m, 2H), 7.66 — 7.51 (m, 5H), 7.46 (d, J = 11.3 Hz, 2H), 7.40 — 7.31 (m, 7H), 7.22 — 7.05 (m,
4H), 6.94 (q, J = 8.0 Hz, 4H), 6.83 — 6.66 (m, 2H), 6.63 (d, J = 7.2 Hz, 2H), 6.49 (d, 2H), 5.98 — 5.40 (m, 2H),
2.00 — 1.27 (m, 6H). 3'P NMR (202 MHz, D20) & 145.8. The transformation of (R,S,S)-L3 into (R,S,S)-Au3
was carried out using a standard procedure previously reported for related phosphoramidite gold complexes,
36 (R,S,S)-Au3 (85% yield) 'TH NMR (500 MHz, CDCls) & 8.51 (d, J = 8.3 Hz, 1H), 8.16 (d, J = 8.0 Hz, 1H),
7.95-7.78 (m, 5H), 7.71 (t, J=7.2 Hz, 1H), 7.61 - 7.51 (m, 6H), 7.48 (s, 1H), 7.34 (ddt, J = 10.7, 6.9, 3.4 Hz,
5H), 7.19 (d, J = 7.9 Hz, 2H), 7.13 (dt, J = 12.2, 7.4 Hz, 2H), 6.99 (t, J = 7.7 Hz, 2H), 6.93 (t, J = 7.5 Hz, 2H),
6.69 (t, J = 7.5 Hz, 2H), 6.61 (d, J = 7.2 Hz, 2H), 6.42 (d, J = 7.2 Hz, 2H), 5.93 — 5.83 (m, 2H), 1.88 (s, 6H).
3P NMR (202 MHz, D20) & 127.78. MS (m/z, ESI): 988.2618 (M* —Cl), 481.0896, 314.0126.
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(R,S,S)-L4

White powder. "H NMR (500 MHz, CDCls) & 8.21 (d, J = 8.0 Hz, 1H), 8.11 (d, J = 8.3
Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.55 —
7.50 (m, 1H), 7.49 — 7.41 (m, 2H), 7.39 — 7.17 (m, 13H), 7.06 — 6.99 (m, 2H), 6.84 (q, J
= 7.6, 7.1 Hz, 4H), 6.36 (d, J = 8.3 Hz, 1H), 6.26 (d, J = 6.8 Hz, 1H), 4.70 (s, 2H), 2.25 —
2.14 (m, 2H), 1.87 — 1.77 (m, 2H). P NMR (202 MHz, D20) & 151.39. MS (m/z, ESI):
710.2705, 708.2648, 485.1297.

White powder. "H NMR (500 MHz, CDCls) & 8.22 (d, J = 8.3 Hz, 1H), 8.06 (d, J = 8.3
Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.68 — 7.63 (m, 2H), 7.54 (t, J
= 7.7 Hz, 1H), 7.49 — 7.43 (m, 2H), 7.29 — 7.23 (m, 5H), 7.20 — 7.14 (m, 6H), 7.01 —
6.96 (m, 2H), 6.81 — 6.76 (m, 4H), 6.22 (d, J = 7.1 Hz, 2H), 6.09 (d, J = 7.3 Hz, 2H),
4.87 (m, 2H), 2.45 — 2.34 (m, 2H), 1.81 — 1.71 (m, 2H). 3'P NMR (202 MHz, CDCl3) &
130.32. MS (m/z, ESI): 944.3 (M +Na)*, 927.2 (M(NCMe) —Cl).

White powder. 'TH NMR (500 MHz, CDClz) & 8.26 (t, J = 8.0 Hz, 2H), 7.77 (t, J = 7.2 Hz,
2H), 7.63 (t, J = 7.6 Hz, 1H), 7.59 — 7.50 (m, 3H), 7.44 (s, 1H), 7.39 (s, 1H), 7.08 — 6.98
(m, 2H), 6.88 (t, J = 7.8 Hz, 2H), 6.83 (t, J = 7.7 Hz, 2H), 6.45 (d, J = 7.1 Hz, 2H), 6.32
(d, J = 7.1 Hz, 2H), 3.62 — 3.53 (m, 2H), 1.25 (d, J = 6.7 Hz, 6H), 1.15 (d, J = 6.8 Hz,
6H). 3P NMR (202 MHz, CDCls) & 130.89. MS (m/z, ESI): 823.2 (M +Na)*, 805.3
(M(NCMe) —Cl).

Procedure for the synthesis of triazoloisoquinolin-3-ylidene-gold-chloride complexes Au6é and Au7.

Flash chromatography was carried out on silica-gel (40-63 uym or 70-200 um). Melting points were recorded in
a metal block and are uncorrected. Cl, El and LSIMS mass spectra and high—resolution mass spectra were
recorded in an AUTOSPEC-Q mass spectrometer (three sectors high-resolution mass spectrometer with
added quadrupole). Racemic mixtures were resolved by HPLC on chiral stationary phases (semipreparative
Chiralpak 1A column) using CH2Cl2 or CH2Clz/hexane mixtures as eluents.
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CHO R ol (BPin),, CsF o\B/o
CuCly R TMSOCH,CF3 R
+ I —
AN (CH,CI), NiCl,(PMe3),
Ph R2 R? . R?
80 °C dioxane, reflux
6 7a,R'=1Bu,R?=H 8a,R'=Bu, R?=H, 51% 9a, R'='Bu, R?>= H, 64%
7b, R' = Ph, R?=Ph 8b, R' = Ph, R% = Ph, 74% 9b, R'= Ph, R%= Ph, 74%
& Cl | Pd(PPh,),
S N A92003
toluene, reflux
cI:oofBu cl
N . N., .COOBu cl
/ N ; :gozol\/l'_,'dlo;;ane O NN (NHCOO'Bu), / |
NN 2 , reflux N Pdy(dba)s, dppf NN
R' 3. POCI;, toluene, R! Cs,CO5 R!
reflux Toluene, reflux
R? R? R?
12a, R'=Bu, R%= H, 52% 11a, R'=Bu, R?= H, 97% 10a, R'=Bu, R?= H, 62%
12b, R'= Ph, R2= Ph, 67% 11b, R'= Ph, R2= Ph, 86% 10b, R'= Ph, R2= Ph, 76%
1-Chloro-2,3-diphenylnaphthalene (8b)
cl To a suspension of CuClz2 (8.23 g, 60 mmol) in dry 1,2-dichloroetane (72 mL) were

Ph successively added 2-(phenylethynyl)benzaldehyde 6 (6.19 g, 30 mmol) and
OO diphenylacetylene 7b (10.7 g, 60 mmol) at rt under an Ar atmosphere. The mixture was

Ph  stirred at reflux for 24 h, cooled to rt, and filtered through a celite pad and the solvent was
removed under reduced pressure. The residue was purified by flash chromatography (pentane) to yield 8b
(6.97 g, 74%) as a white solid. M.p. 108111 °C. "TH NMR (300 MHz, CDClz) & 8.44 — 8.37 (m, 1H), 7.93 —
7.87 (m, 2H), 7.84 (s, 1H), 7.65 (ddd, J = 8.4, 6.9, 1.6 Hz, 1H), 7.59 (ddd, J = 8.2, 6.9, 1.6 Hz, 1H), 7.31 -
7.21 (m, 4H), 7.21 — 7.10 (m, 5H). ®C NMR (125 MHz, CDCI3) & 141.0, 140.6, 138.9, 137.8, 133.4, 131.1,
130.8, 130.4, 130.0, 129.8, 129.4, 128.1, 127.9, 127.6, 127.3, 127.0, 126.9, 126.6, 126.3, 125.1. LRMS (m/z,
Cl): 317 (18, M*+1, 37Cl), 316 (38, M+, 37Cl), 315 (56, M*+1, 35Cl), 314 (100, M*, 35Cl), 280 (66), 279 (51), 278
(61). HRMS Calculated for C22H15Cl: 314.0862, found 314.0851.

2-(2,3-Diphenylnaphthalen-1-yl)-4,4,5,5-tetramethyl-1,3-dioxolane (9b)

To a suspension of NiCl2(PMes)2 (171 mg, 5 mol%, 0.58 mmol), bis(pinacolato)diboron

(4.47 g, 17.6 mmol) and CsF (3.55 g, 23.4 mmol) in dry toluene (94 mL) under an Ar

O\B/O atmosphere, were added via syringe a solution of 1-choro-2,3-diphenylnaphthalene 8b

Ph (3.67 g, 11.7 mmol) in dry toluene (94 mL) and TMSOCH2CF3 (4.5 mL, 24.6 mmol). The

resulting mixture was heated under reflux overnight. EtOAc was added and the mixture was

Phfiltered through a celite pad. The organic layer was washed with saturated NH4Cl (2 x 20

mL), dried (MgSOsa), filtered and concentrated. The residue was purified by flash chromatography (1:3—1:1
CH2Clo—cyclohexane) to yield 9b (3.52 g, 74%) as a white solid. M.p. 174-176 °C. '"H NMR (500 MHz, CDCls)
5 8.06 —8.03 (m, 1H), 7.90 — 7.84 (m, 2H), 7.54 — 7.47 (m, 2H), 7.25 — 7.11 (m, 10H), 1.18 (s, 12H). 3C NMR
(125 MHz, CDCls) 6 144.0, 142.2, 141.7, 139.2, 135.1, 132.4, 130.9, 130.2, 130.0, 128.3, 127.6, 127.5, 127.3,
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126.6, 126.3, 126.2, 125.8, 84.0, 24.9. LRMS (m/z, El): 407 (32, M*+1), 406 (100, M*), 307 (30), 290 (48).
HRMS Calculated for C2sH27BO2: 406.2104, found 406.2104.

3-Chloro-1-(2,3-diphenylnaphthalen-1-yl)isoquinoline (10b)

O A round-bottom flask was charged with 1,3-dichloroisoquinoline (2 g, 10 mmol), boronic
| o ester 9b (4.87 g, 12 mmol), Pd(PPhs)s (2.31 g, 20 mmol%), and Ag2COs (3.58 g, 13 mmol)
under an argon atmosphere, and the mixture was dissolved in dry toluene (80 mL). The
Ph " mixture was heated under reflux overnight. EtOAc was added, and the mixture was filtered
OO Ph through a celite pad. The organic layer was washed with brine (2 x 10 mL), dried (MgSOa),
fitered, and concentrated. The residue was purified by flash chromatography (1:3
CH2Cl2—cyclohexane) to yield 10b (3.36 g, 76%) as a white solid. M.p. 164-166 °C. '"H NMR (500 MHz,
CDClz) 6 8.08 (s, 1H), 7.99 — 7.96 (m, 1H), 7.66 — 7.63 (m, 1H), 7.62 (d, J = 1.0 Hz, 1H), 7.54 — 7.49 (m, 2H),
7.47 —7.44 (m, 1H), 7.33 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 7.28 — 7.24 (m, 1H), 7.24 — 7.14 (m, 7H), 6.92 (t, J =
7.6 Hz, 1H), 6.80 — 6.74 (m, 1H), 6.68 — 6.60 (m, 2H). *C NMR (125 MHz, CDCl3) & 161.0, 144.3, 141.4,
139.7, 139.0, 138.9, 137.9, 134.6, 132.8, 131.8, 131.5, 130.8, 130.2, 130.0, 128.1, 127.6, 127.3, 127.0, 126.8,
126.7, 126.7, 126.4, 126.3, 126.0, 125.9, 125.8, 118.9. LRMS (m/z, El): 444 (23, M*+1, %7Cl), 443 (46, M*,
S7Cl), 442 (77, M*+1, 35Cl), 441 (100, M*, 35Cl), 407 (16, M*—Cl), 406 (20). HRMS Calculated for C31H20NCI:
441.1284, found 441.1278.

Di-tert-butyl-1-(1-(2-tert-butylnaphthalen-1-yl)isoquinolin-3-yl)hydrazine-1,2-dicarboxylate (11a)

3-Chloro-1-(2-tert-butylnaphthalen-1-yl)-isoquinoline 10a (973 mg, 2.82 mmol),

COO'Bu di(tert-butyl)-1,2-hydrazodicarboxylate (2.02 g, 8.46 mmol), dppf (320 mg, 20

N VnCOOBU  m61%), Pda(dba)s (387 mg, 15 mol%) and Cs2COs (2.32 g, 7.05 mmol) were

| N H solved in dry toluene (14 mL) under an argon atmosphere. The mixture was
Bu heated under reflux overnight. The reaction mixture was filtered through a celite

OO pad, washed with brine (2 x 10 mL), dried (MgSQsa.), filtered and concentrated.

The residue was purified by flash chromatography (100:1:2 CH2Cl>—EtOAc—Et20)
to yield 11a (1.48 g, 97%) as a light brown foam.'H NMR (500 MHz, CDClI3) & 8.18 (br s, 1H), 7.93 (d, J = 8.8
Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.84 — 7.80 (m, 2H), 7.62 — 7.57 (m, 1H), 7.38 — 7.26 (m, 4H), 7.14 — 7.08
(m, 1H), 6.73 (d, J = 8.6 Hz, 1H), 1.54 (s, 9H), 1.40 (s, 9H), 1.08 (s, 9H). *C NMR (125 MHz, CDClI3) 5 171.0,
161.3, 154.7, 153.9, 147.4, 146.0, 137.3, 133.6, 132.5, 131.7, 130.3, 128.8, 128.7, 128.5, 127.6, 127.4, 126.9,
126.8, 126.3, 126.1, 125.2, 82.3, 81.0, 37.3, 32.5, 28.2, 28.2. LRMS (m/z, El): 541 (1, M*), 441 (9), 385 (12),
367 (17), 342 (24), 341 (100), 340 (18). HRMS Calculated for C33H39N304: 541.2941, found 541.2927.

Di-tert-butyl-1-(1-(2,3-diphenylnaphthalen-1-yl)isoquinolin-3-yl)hydrazine-1,2-dicarboxylate (11b)

3-Chloro-1-(2,3-diphenylnaphthalen-1-yl)isoquinoline 10b (1.24 g, 2.82 mmol),
di(tert-butyl)-1,2-hydrazodicarboxylate (2.02 g, 8.46 mmol), dppf (320 mg, 20

C|IOOtBu
N., .COOBu
| N N mol%), Pdz(dba)s (387 mg, 15 mol%) and Cs2C0s (2.32 g, 7.05 mmol) were solved

N in dry toluene (14 mL) under an argon atmosphere. The mixture was heated under

Ph reflux overnight. The reaction mixture was filtered through a celite pad, washed

OO with brine (2 x 10 mL), dried (MgSOQa), filtered and concentrated. The residue was
Ph

purified by flash chromatography (100:1:2 CH2Cl>—EtOAc-Et20) to yield 11b (1.55
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g, 86%) as a light yellow solid. M.p. 102—104 °C."H NMR (500 MHz, CDCls) & 8.08 (s, 1H), 7.98 (d, J = 8.3
Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.52 — 7.48 (m, 2H), 7.41 — 7.33 (m, 1H), 7.32 — 7.28 (m, 1H), 7.25 — 7.14
(m, 8H), 7.13 — 7.02 (m, 2H), 6.84 (br s, 1H), 6.76 — 6.71 (m, 1H), 6.68 — 6.64 (m, 2H), 1.54 (s, 9H), 1.43 (s,
9H). ¥C NMR (125 MHz, CDCls) 5 167.0, 159.0, 154.9, 153.8, 147.1, 141.5, 139.7, 139.0, 138.9, 137.5,
135.5, 132.8, 131.9, 131.5, 130.9, 130.3, 130.1, 129.9, 128.0, 127.6, 127.2, 127.1, 126.6, 126.4, 126.4, 126.3,
125.9, 114.7, 82.2, 81.1, 28.2, 26.1. LRMS (m/z, Cl): 638 (4, M*+1), 637 (1, M*), 538 (18), 480 (26), 438 (62),
437 (100), 422 (32), 408 (10). HRMS Calculated for C41HsoN304: 638.3019, found 638.3022.

5-(2-tert-Butylnaphthalen-1-yl)-[1,2,4]triazolo[4,3-b]isoquinoline (12a)

N To a solution of compound 11a (1.08 g, 2 mmol) in 1,4-dioxane (7 mL) was added 4M HCI

/ ~ °N in 1,4-dioxane (7 mL) under an argon atmosphere and the mixture was stirred at rt

overnight. The mixture was concentrated and the residue was solved in HCOOH (10 mL)

‘Bu  and refluxed under argon for 24h. The mixture was concentrated and the resulting residue

OO was solved in dry toluene (10 mL). POCIs (559 pL, 6 mmol) was added and the mixture was

heated under reflux for 24h. The solvent was removed in vacuo and the residue was solved

in EtOAc, washed with 2M NaOH (2 x 10 mL), and brine (2 x 10 mL). The combined organic layers were dried

(MgSQa4), filtered and concentrated. The residue was purified by flash chromatography (2:1 EtOAc-

cyclohexane) to yield 12a (365 mg, 52%) as a yellow solid. M.p. 248-250 °C (dec). '"H NMR (500 MHz,

CDCls) 6 8.41 (s, 1H), 8.29 (d, J = 0.9 Hz, 1H), 8.10 (dd, J = 9.0, 0.9 Hz, 1H), 7.95 - 7.88 (m, 2H), 7.83 - 7.77

(m, 1H), 7.45 (ddd, J = 8.0, 6.8, 1.1 Hz, 1H), 7.34 — 7.29 (m, 1H), 7.15 (ddd, J = 8.4, 6.8, 1.3 Hz, 1H), 7.09 —

7.03 (m, 2H), 6.47 (dd, J = 8.4, 1.1 Hz, 1H,), 1.01 (s, 9H). '*C NMR (125 MHz, CDCl3) & 148.7, 148.1, 133.4,

133.1, 132.8, 132.3, 132.1, 130.9, 128.2, 128.1, 127.9, 127.8, 127.1, 126.5, 126.4, 125.3, 124.2, 123.4, 123.2,

110.6, 37.7, 31.7. LRMS (m/z, El): 352 (87, M*+1), 351 (100, M*), 308 (15), 267 (19), 265 (17). HRMS
Calculated for C24H21N3: 351.1735, found 351.1735.

The racemic mixture was resolved by semipreparative HPLC on a Chiralpak IA column. Analytical Chiralpak
IA, 100% CH2Cl2, 1 mL/min, 30 °C, A = 245.0 nm: first enantiomer, compound (R)-12a, tr = 6.9 min, [a]p?* = —
135.4 (c 0.05, CHCIs); second enantiomer, compound (S)-12a, tr= 11.3 min, [a]p 23= +126.6 (c 0.50, CHCIz3).
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Figure S3. HPLC trace report of 11a

5-(2,3-Diphenylnaphthalen-1-yl)-[1,2,4]triazolo[4,3-b]lisoquinoline (12b)

“ N in 1,4-dioxane (7 mL) under an argon atmosphere and the mixture was stirred at rt
overnight. The mixture was concentrated and the residue was solved in HCOOH (10 mL)

Ph and refluxed under argon for 24h. The mixture was concentrated and the resulting residue

OO was solved in dry toluene (10 mL). POCIs (559 pL, 6 mmol) was added and the mixture
was heated under reflux for 24h. The solvent was removed in vacuo and the residue was
solved in EtOAc, washed with 2M NaOH (2 x 10 mL), and brine (2 x 10 mL). The combined organic layers

l _ N To a solution of compound 11b (1.27 g, 2 mmol) in 1,4-dioxane (7 mL) was added 4M HCI

N

Ph
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were dried (MgSOs), filtered and concentrated. The residue was purified by flash chromatography (2:1
EtOAc—cyclohexane) to yield 12b (599 mg, 67%) as a yellow solid. M.p. 140-142 °C. '"H NMR (500 MHz,
CDCl3) & 8.47 (s, 1H), 8.26 (s, 1H), 8.20 (s, 1H), 8.11 — 8.06 (m, 1H), 7.69 — 7.63 (m, 1H), 7.60 (ddd, J = 8.2,
6.8, 1.1 Hz, 1H), 7.35 (ddd, J = 8.2, 6.8, 1.3 Hz, 1H), 7.25 - 7.15 (m, 8H), 7.08 — 7.06 (m, 1H), 6.93 (dd, J =
8.5, 1.1 Hz, 1H), 6.79 — 6.74 (m, 1H), 6.71 — 6.65 (m, 2H), 6.64 — 6.59 (m, 1H). 3C NMR (125 MHz, CDCl3) &
147.9, 141.3, 140.4, 140.4, 137.6, 133.3, 133.0, 132.5, 132.3, 131.1, 130.7, 129.9, 129.2, 128.8, 128.4, 128.2,
127.9, 127.8, 127.8, 127.5, 127.4, 127.2, 127.2, 127.1, 126.9, 126.4, 125.1, 124.6, 122.5, 110.5. LRMS (m/z,
El): 448 (33, M*+1), 447 (100, M*), 378 (30). HRMS Calculated for Cs2H21N3: 447.1735, found 447.1730.

The racemic mixture was resolved by semipreparative HPLC on a Chiralpak IA column. Analytical Chiralpak
IA, CH2Cl2—hexane—-DEA 90:10:0.1, 1 mL/min, 30 °C, A = 394.7 nm: first enantiomer, compound (+)-12b, tr =
10.9 min, [a]o?* = +284.3 (¢ 0.53, CHCI3); second enantiomer, compound (-)-12b, tr = 12.9 min, [a]p 2 = —
266.1 (¢ 0.51, CHCls).
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Figure S4. HPLC trace report of 11b

O = /N\N O = /N\N Ad O = /N\
- N—Ad
/ N
NN~ XN 1. Ag,0, MS 4A N N\<

1. 1-BrAd, AcOH, D

R Ry CI : R
OO " 2 Dowex 22 (CI) GO 1 2. AuCI-Me;S OO Ay
cl

Rz R, Ro
(R)-12a: R' =Bu, R = H (R)-13a: R" =Bu, R = H, 98% (R)-Au-6: R' = Bu, R> = H, 87%
(R)-12b: R' = Ph, R? = Ph (R)-13b: R" = Ph, R? = Ph, 98% (R)-Au-7: R' = Ph, R? = Ph, 81%

2-(Adamantan-1-yl)-5-(2-tert-butylnaphthalen-1-yl)-[1,2,4]triazolo[4,3-b]isoquinolin-2-ium chloride (13a)

N (R)-12a (211 mg, 0.6 mmol) and 1-bromoadamantane (761 mg, 3 mmol) were solved in

/ /+,\N—Ad acetic acid (6 mL) under an argon atmosphere and the mixture was stirred at reflux for
NN 2 days. The mixture was concentrated and the residue was purified by flash

Bu cI chromatography (CH2Cl2 — CH2Cl2-MeOH 4%) to yield (R)-13a(Br-) (336 mg, 98%) as

OO a yellow solid. This salt was eluted through a Dowex 22 anion exchange resin column
using methanol as eluant. The solvent was removed in vacuo and the residue was

solved in CH2Cl2, dried (MgSQ4) and concentrated to yield (R)-13a(CI") (313 mg, quantitative) as a yellow
solid. M.p. 190 °C (dec.). 'H NMR (500 MHz, CDClz) & 11.22 (s, 1H), 8.60 (s, 1H), 8.20 (d, J = 9.1 Hz, 1H),
8.02 (t, J = 9.2 Hz, 1H), 7.98 — 7.93 (m, 1H), 7.58 — 7.50 (m, 1H), 7.44 (ddd, J = 8.0, 6.8, 1.0 Hz, 1H), 7.27 —
7.23 (m, 2H), 7.20 — 7.13 (m, 2H), 6.38 — 6.34 (m, 1H), 2.55 — 2.45 (m, 6H), 2.30 (br s, 3H), 1.89 — 1.67 (m,
6H), 1.08 (s, 9H). '3C NMR (125 MHz, CDClIs) & 150.4, 144.9, 137.8, 136.0, 132.4, 131.9, 131.3, 131.2, 128.9,
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128.8, 128.0, 127.6, 127.6, 126.4, 125.9, 125.7, 123.1, 120.5, 110.9, 67.5, 42.2, 37.7, 35.3, 31.7, 29.7. LRMS
(m/z, Cl): 486 (82, M*), 485 (78, M*—1), 428 (60), 135 (100, Ad*). HRMS Calculated for CasHssN3: 486.29086,
found 486.2894. [o]o?* = —108.5 (c 0.5, CHCl3).

2-(Adamantan-1-yl)-5-(2,3-diphenylnaphthalen-1-yl)-[1,2,4]triazolo[4,3-b]lisoquinolin-2-ium chloride
(13b)

(+)-12b (268 mg, 0.6 mmol) and 1-bromoadamantane (761 mg, 3 mmol) were solved
/ "+ N-Ad in acetic acid (6 mL) under an argon atmosphere and the mixture was stirred at reflux
for 2 days. The mixture was concentrated and the residue was purified by flash
Ph Cl chromatography (CH2Cl2 — CH2Cl>-MeOH 4%) to yield (+)-13b(Br-) (388 mg, 98%) as
OO a yellow solid. This salt was eluted through a Dowex 22 anion exchange resin column
using methanol as eluant. The solvent was removed in vacuo and the residue was
solved in CH2Cl2, dried with MgSQO4 and concentrated to yield (+)-13b(CI7) (370 mg, quantitative) as a yellow
solid. M.p. 214-216 °C."H NMR (500 MHz, CDCl3) & 11.54 (s, 1H), 8.33 (s, 1H), 8.21 (s, 1H), 8.10 (d, J = 8.2
Hz, 1H), 7.86 (d, J = 8.9 Hz, 1H), 7.58 (t, J = 7.5 Hz), 7.55 — 7.49 (m, 2H), 7.47 — 7.45 (m, 1H), 7.43 — 7.39
(m, 3H), 7.39 - 7.32 (m, 1H), 7.23 — 7.12 (m, 4H), 6.79 — 6.72 (m, 2H), 6.60 — 6.59 (m, 1H), 6.52 — 6.48 (m,
1H), 2.42 — 2.35 (m, 6H), 2.28 (br s, 3H), 1.84 — 1.64 (m, 6H). '*C NMR (125 MHz, CDClz) & 143.5, 139.9,
139.7, 139.5, 137.0, 134.6, 134.4, 133.0, 132.4, 131.3, 129.97, 129.9, 129.6, 129.5, 128.2, 127.9, 127.2,
127.1, 126.7, 126.6, 126.5, 126.2, 126.1, 125.8, 125.6, 124.9, 124.9, 123.7, 123.3, 109.4, 65.6, 41.0, 34.4,
28.5. LRMS (m/z, El): 581 (40, M*-1), 447 (81, M*-Ad), 378 (23), 135 (100, Ad*). HRMS Calculated for
Ca2H3sN3: 581.2831, found 581.2841. [a]o?* = +141.0 (¢ 0.60, CHCI3).

Au (I) complex (R)-Au6

(R)-13a(CI") (156 mg, 0.30 mmol), Ag20 (42 mg, 0.18 mmol) and 4A molecular sieves

/ /N\N—Ad were suspended in dry CHCIz (5 mL) under an argon atmosphere and in the dark. The
N mixture was stirred at rt for 12 h and then filtered using a HPLC syringe filter. The
By Au solvent was evaporated and the residue was solved in dry toluene (6 mL) and

OO \Cl AuCl*Me2S (106 mg, 0.36 mmol) was added. The mixture was stirred at rt in the dark
for 12 h. The reaction was filtered using a HPLC syringe filter and the solvent was
evaporated. The residue was purified by flash chromatography (45:45:10 EtOAc—cyclohexane—CH2Cl2) to
yield (R)-Au6 (164 mg, 76%) as a yellow solid. M.p. 165-166 °C. '"H NMR (500 MHz, CDCl3) d 8.25 — 8.21
(m, 1H), 8.21 (s, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 9.0 Hz, 1H), 7.70 (d, J = 9.0 Hz, 1H), 7.41 (ddd, J =
8.0, 6.8, 1.1 Hz, 1H), 7.33 — 7.28 (m, 1H), 7.14 (ddd, J = 8.2, 6.8, 1.4 Hz, 1H), 7.02 — 6.93 (m, 2H), 6.41 —
6.35 (m, 1H), 2.77 — 2.68 (m, 6H), 2.28 — 2.23 (br s, 3H), 1.80 — 1.70 (m, 6H), 1.07 (s, 9H). 3C NMR (125
MHz, CDCls) 6 164.4, 148.7, 144.7, 139.6, 134.9, 132.7, 132.3, 131.1, 129.6, 128.5, 127.3, 127.1, 126.9,
126.6, 126.5, 125.9, 124.4, 124.4, 124.0, 110.1, 65.2, 43.9, 37.8, 35.8, 31.8, 30.1. LRMS (m/z, FAB): 682 (25,
M*—Cl), 486 (52, M*—AuCl), 459 (30), 237 (100), 135 (78, Ad*). HRMS Calculated for Cs4HasNsAu: 682.2497,
found 682.2510. [a]p?” = —181.6 (c 0.53, CHCl3).
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Au (I) complex (+)-Au7

N (+)-13b(CI-) (185 mg, 0.30 mmol), Ag20 (42 mg, 0.18 mmol) and 4A molecular sieves
\ N N—-Ad were suspended in dry CHCIs (5 mL) under an argon atmosphere and in the dark. The
\<\ mixture was stirred at rt for 12 h and then filtered using a HPLC syringe filter. The
Ph A\UI solvent was evaporated and the residue was solved in dry toluene (6 mL) and
OO cl AuCl*Me2S (106 mg, 0.36 mmol) was added. The mixture was stirred at rt in the dark
for 12 h. The reaction was filtered using a HPLC syringe filter and the solvent was
evaporated. The residue was purified by flash chromatography (45:45:10 EtOAc—cyclohexane—CH2Cl2) to
yield (+)-Au7 (198 mg, 81%) as a yellow solid. M.p. 175-177 °C. '"H NMR (500 MHz, CDCIs) & 8.36 (s, 1H),
8.12 (d, J = 8.2 Hz, 1H), 7.96 (s, 1H), 7.63 — 7.54 (m, 2H), 7.38 — 7.28 (m, 5H), 7.23 — 7.20 (m, 1H), 7.19 —
7.09 (m, 4H), 7.04 (d, J = 8.4 Hz, 1H), 6.76 — 6.71 (m, 1H), 6.66 — 6.60 (m, 3H), 2.65— 2.61 (m, 6H), 2.23 (br
s, 3H), 1.78 — 1.69 (m, 6H). 3C NMR (125 MHz, CDCIls) & 163.8, 144.5, 141.0, 140.9, 140.3, 138.3, 137.2,
134.4,133.4, 132.8, 131.5, 130.3, 130.3, 129.2, 129.1, 128.9, 128.9, 128.2, 127.8, 127.6, 127.5, 127.0, 126.9,
126.7, 126.7, 126.5, 126.4, 126.4, 125.3, 124.4, 124.4, 110.1, 64.8, 43.8, 35.8, 30.0. LRMS (m/z, FAB): 778
(58, M*—CI), 582 (30, M*-AuCl), 555 (52), 442 (32), 237 (51), 135 (100, Ad*). HRMS Calculated for
Ca2H3sN3Au: 778.2497, found 778.2475. [a]p?” = +159.7 (¢ 0.25, CHCls).

Ph
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Representative general procedures for the [2 + 2 + 2] cycloadditions

General Procedure A: Reactions catalyzed by (S)-Au5 or (R)-Au5. (Exemplified for the reaction between
allenamide 1b, a-methylstyrene (2a) and benzaldehyde (3a), catalyzed by (R)-Au5, Table 1 main manuscript,
entry 10).

\ (R)-Au5
Cy. OO u\ (10 mol%) 0 o
cl
= 0 o) AgNTf, (10 mol%) = N/% = N/[<
N\( ¥ N CH,Cl, 4A MS, -70 °C, 24 h Medls 2 \\/O * Mol 2 \\/O
&/O Me Ph H Ph 2Ll ) " ) Ph\\‘ 0O '/Ph Ph\\‘ (e} Ph

1b 2a 3a 4baa (2,6-cis) 4baa’ (2,6-trans)

9 : 1

Benzaldehyde (3a) (162 uL, 1.6 mmol) and a-methylstyrene (2a) (42 pL, 0.32 mmol) were added to a Schlenk
tube containing 200 mg of 4A MS and a solution of (R)-Au5 (11.9 mg, 0.016 mmol) and AgNTf. (6.2 mg,
0.016 mmol) in CH2Cl2 (1.5 mL), at -70 °C. Then, 3-(propa-1,2-dienyl)oxazolidin-2-one (1b) (20 mg, 0.16
mmol) was added at once. The mixture was stirred at -70 °C for 24 h (the progress of the reaction was easily
monitored by tic; 40% EtOAc in hexane) and filtered through a short pad of florisil eluting with EtOAc. After
rotary evaporation, the crude mixture was purified by column chromatography (10-50% EtOAc in hexanes) to
give 44.7 mg of 3-((2)-((6S)-6-methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one as
a 9 : 1 mixture of (6S,2S)-4baa and (6S,2R)-4baa’ (dr = 9:1, 80% combined yield). Enantioselectivities were
determined by chiral HPLC analysis using a Chiralpak IE-3 (Hexane : iPrOH = 90:10, at rt) or a Chiralcel OZ-
H (Hexane : iPrOH = 80:20, 0.5mL/min, at rt) column. As expected, the reactions catalyzed by (R)-Au5 and
(S)-Aub provide equal results but opposite enantiomers of the corresponding THP products of type 4 and
4’ This could be easily confirmed in several examples by analyzing the chiral HPLC traces of the products as
well as by measuring their corresponding [a]o values.

General Procedure B: Reactions catalyzed by (R,S,S)-Au2 or its enantiomer (S,R,R)-Au2 (exemplified for
the reaction between allenamide 1b, a-methylstyrene (2a) and benzaldehyde (3a) catalyzed by (R,S,S)-Au2
(table 1 main manuscript, entry 2).

O‘ i1
Ph O

i
=P R.S,S)-Au2
Ph o " /L( S,
O )N Ph (5 mol%)
“Ph

O (6]
O AgNTF, (5 mol%) = NJ( = NJ(

N%O + J\ + j\ M \\/0 + M \\/O
> Me(s 2 els 2
_78 o X . R
«/O Me Ph H Ph CH2C|2Y 4AMS, -78°C,0.5h Ph\\ o) /Ph Ph" (o) Ph
1b 2a 3a 4baa (2,6-cis) 4baa’ (2,6-trans)
2 : 1

Benzaldehyde (3a) (162 pL, 1.6 mmol) and a-methylstyrene (2a) (42 pL, 0.32 mmol) were added to a Schlenk
tube containing 200 mg of 4A MS and a solution of (R,S,S)-Au2 (7.4 mg, 0.008 mmol) and AgNTf2 (3.1 mg,
0.008 mmol) in CH2Cl> (1.5 mL), at -78 °C. Then, 3-(propa-1,2-dienyl)oxazolidin-2-one (1b) (20 mg, 0.16
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mmol) was added at once. The mixture was stirred at -78 °C for 0.5 h (the progress of the reaction was easily
monitored by tlc; 40% EtOAc in hexane) and filtered through a short pad of florisil eluting with EtOAc. After
rotary evaporation, the crude mixture was purified by column chromatography (10-50% EtOAc in hexanes) to
give 54.1 mg of 3-((2)-((6S)-6-methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one as
a 2 : 1 mixture of (6S, 2S)-4baa and (6S, 2R)-4baa’ (dr = 2:1, 97% combined yield). Enantioselectivity was
determined by chiral HPLC analysis using a Chiralpak IE-3 (Hexane : iPrOH = 90:10, at rt) or a Chiralcel OZ-
H (Hexane : iPrOH = 80:20, 0.5mL/min) column. As expected, the reactions catalyzed by (R,S,S)-Au2 and its
enantiomeric partner (S,R,R)-Au2 provide equal results but opposite enantiomers of the corresponding THP
products of type 4 and 4’.This could be easily confirmed in several examples by analyzing the chiral HPLC
traces of the products as well as by measuring their corresponding [[/]o values.

General Procedure C: Reactions catalyzed by the phosphite achiral catalyst Au18, following the previously
reported general procedure.®

Bu " ISbFg

/@/O P-Au-NCPh 1o
O tBu / N/[<

O

== o JL 3 (Au18, 2 mol%) (Y\Ni
N + + > Me O + Me O

i Me” “Ph H)]\Ph CH,Cl, 4AMS, -15°C, 0.2 h o e L $oP en L

PR YO PR

1b 2a 3a 4baa (2,6-cis) 4baa’ (2,6-trans)
2 : 1

Benzaldehyde (3a) (162 pL, 1.6 mmol) and a-methylstyrene (2a) (42 pL, 0.32 mmol) were added to a Schlenk
tube containing 200 mg of 4A MS and a solution of the phosphite gold complex Au18 (3.9 mg, 0.0032 mmol)
in CH2Cl2 (1.5 mL), at -15 °C. Then, 3-(propa-1,2-dienyl)oxazolidin-2-one (1b) (20 mg, 0.16 mmol) was added
at once. The mixture was stirred at -15 °C for 0.2 h (the progress of the reaction was easily monitored by tlc;
40% EtOAc in hexane) and filtered through a short pad of florisil eluting with EtOAc. After rotary evaporation,
the crude mixture was purified by column chromatography (10-50% EtOAc in hexanes) to give 54.7 mg of 3-
((2)-(6-Methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one as a 2 : 1 mixture of 4baa
and 4baa’ (dr = 2:1, 98% combined yield).When the same reaction is carried out at -78°C, a 98% vyield and a
dr = 3.5:1 is obtained.'® Enantiomeric composition was analyzed by chiral HPLC analysis using a Chiralpak
IE-3 (Hexane : iPrOH = 90:10, at rt) or a Chiralcel OZ-H (Hexane : iPrOH = 80:20, 0.5mL/min) column.
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Characterization data (NMR, HPLC and X-ray)

3-((2)-((2S,6S)-6-Methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one (4baa)

and 3-((2)-((2R,6S)-6-Methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one
(4baa’)
General Catal . . . Y2 \ialdb )

Procedure yst Manuscript result  React. time (h) 4baa: 4baa’? Yield® ee4baa ee 4baa

A (R)-Au5 Table 1, entry 10 24 9:1 80% 87% 22%

B (R,S,S)-Au2  Table 1, entry 2 0.5 2:1 97% 70% 81%

Be (R,S,S)-Au2  Table 1, entry 4 0.5 4:1 91% 74% 90%

C" Au18¢ - 0.5 2:1 98% - -

@Ratios obtained by 'H-NMR of the crude reaction mixtures. ? Overall yield of both isomers. ¢ Carried out with AgBF, at -94 °C. ?Carried
out at -15 °C (see reference 19).

H NMR (500 MHz, CDCI3) 8 7.51 — 7.46 (m, 4H), 7.37 — 7.32 (m, 3H), 7.31 = 7.27 (m,
Jj\ 2H), 7.19 (t, J = 7.7 Hz, 1H), 5.78 — 5.75 (m, 1H), 5.60 (s, 1H), 3.96 (td, J = 8.8, 5.3
Me\(j/\NLJO Hz, 1H), 3.59 (q, J = 8.7 Hz, 1H), 3.31 (q, J = 8.6 Hz, 1H), 2.78 (id, J = 8.8, 5.3 Hz,
PR N0 Ph 1H), 2.58 — 2.49 (m, 1H), 2.38 (dt, J = 14.3, 4.7 Hz, 1H), 2.25 (dt, J = 13.3, 5.0 Hz,
4baa 1H), 2.05 (ddd, J = 13.3, 11.5, 4.1 Hz, 1H), 1.67 (s, 3H). '*C NMR (75 MHz, CDCI3) &
155.7 (C), 148.7 (C), 141.2 (C), 139.0 (C), 128.2 (CH), 128.0 (CH), 127.9 (CH), 126.3 (CH), 124.7 (CH), 116.7
(CH), 75.7 (C), 73.0 (CH), 61.7 (CH2), 45.3 (CH2), 37.1 (CH2), 27.1 (CH3), 25.9 (CHz). LRMS (m/z, ESI):
372.16 (M+Na)*, 332.16, 263.14, 245.13, 143.11, 117.11. HRMS Calculated for C22H23NNaQOs: 372.1570,
found 372.1560. Mp = 153 — 155 °C. [a]o?® = -71 (¢ 0.5, CHCI3), measured from a pure sample of 4baa
obtained from the reaction catalyzed by (R)-Au5. Enantioselectivities could be determined by chiral HPLC
analysis using the Chiralpak IE-3 column at rt (Hexane : iPrOH = 90:10) as well as the Chiralcel OZ-H column,
at rt (Hexane:iPrOH = 80:20, 0.5mL/min).

o '"H NMR (300 MHz, CDCl3) & 7.52 — 7.40 (m, 4H), 7.38 — 7.27 (m, 5H), 7.22 — 7.15 (m,

)J\ 1H), 5.81 (q, J = 1.8 Hz, 1H), 5.15 (t, J = 1.6 Hz, 1H), 3.79 (ddd, J = 9.2, 8.4, 5.9 Hz,
=~ "N 0O

Me \_ 1H), 3.55 — 3.46 (m, 1H), 3.20 (ddd, J = 9.2, 8.3, 7.6 Hz, 1H), 2.86 — 2.72 (m, 1H),
PR 07 YPh 2.72 — 2.60 (m, 1H), 2.47 — 2.41 (m, 1H), 2.31 — 2.27 (m, 2H), 1.43 (s, 3H). *C NMR
4baa’ (75 MHz, CDCls) 5 155.8 (C), 146.7 (C), 140.7 (C), 137.0 (C), 128.4 (CH), 128.3 (CH),

128.0 (CH), 127.9 (CH), 126.7 (CH), 125.3 (CH), 116.9 (CH), 76.7 (C), 73.9 (CH), 61.7 (CHz), 45.3 (CH2),
34.6 (CH2), 32.7 (CHs), 26.3 (CH2). LRMS (m/z, ESI): 372.16 (M+Na)*, 332.16, 263.14, 245.13, 143.11,
117.11. HRMS Calculated for C22H23NNaOs: 372.1570, found 372.1560. Mp = 154 — 158 °C. [a]p?® = +16 (c
0.5, CHCIs), measured from a 10:1 mixture of 4baa’ and 4baa, obtained from the reaction catalyzed by
(R,S,S)-Au2. Enantioselectivities were determined by chiral HPLC analysis using the Chiralpak IE-3 column
at rt (Hexane:iPrOH = 90:10) as well as the Chiralcel OZ-H column, at rt (Hexane : iPrOH = 80:20,
0.5mL/min).
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Figure S5. HPLC trace report of a racemic sample of 4baa : 4baa’ (1.7:1 ratio) (Hexane:iPrOH = 90:10),
Chiralpak IE-3.
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Figure S6. HPLC report of a sample from the reaction catalyzed by (R)-Au5 (4baa : 4baa’ ratio = 1:0)
(Hexane:iPrOH = 90:10), Table 1 main manuscript, entry 10, 87% ee.
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M~ q’ J / Peak RetTime Type Width Area Height Area

3, | # [min] [min] [MAU*s ] [mAU] %
~ / N Pt [ e [mmmmmmnne |ommmmmneee f=mmmaee i
il 73.751 MF .3798 250.33696 3.02375 2.8419

1 1
== = 2 76.495 FM  1.4041 3134.35352 37.20457 35.5816

T T T T T w T T 3 89.051 MM 1.6682 3410.62939  34.07509 38.7179
80 100 4 97.130 MM 1.7309 2013.59351  19.38833 22.8586

4baa (Peak 1 and 3): 87% ee
4baa’ (Peak 2 and 4): 22% ee

Figure S7. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5 (4baa : 4baa’ ratio = 1 :
1.5) (Hexane : iPrOH = 90:10), Table 1 main manuscript, entry 10.

Width Area Height Area
[min] [mAU*s ] [mAU] 7

|
1.3123 1390.51990 17.65993 9.6009
1.3693 4931.46289 60.02578 34.0494
1
1

.6288 7626.96729 78.04227 52.6605
6768 534.32074 5.31096 3.6892

4baa (Peak 1 and 3): 70% ee
4baa’ (Peak 2 and 4): 81% ee

Figure S8. HPLC trace report of a sample from the reaction catalyzed by (R,S,S)-Au2 (4baa : 4baa’ ratio =
1.8:1) (Hexane : iPrOH = 90:10), Table 1 main manuscript, entry 2.
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40 50 60 4 54.258 MM 1.7946 577.58765 5.36421 3.5291

Figure S9. HPLC trace report of a racemic sample of 4baa : 4baa’ (13 : 1 ratio, obtained after column
chromatography) (Hexane:iPrOH = 80:20), Chiralcel OZ-H.
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N s ESVS 1 37.431 MF 1.1849 1587.00757  22.32209  9.8190
: e T - T 2 39.966 FM 1.3259 1.07433e4  135.04855 66.4697
: ! T ! ! ! ! J J ! ! T 3 46,363 MM 1.5351 3645.93115  39.58395 22,5578
40 50 60 4 54.567 MM 1.7211 186.43848 1.80539  1.1535

4baa (Peak 1 and 2): 74% ee
4baa’ (Peak 3 and 4): 90% ee

Figure $10. HPLC trace report of a sample from the reaction catalyzed by (R,S,S)-Au2 / AgBF4 at -94 °C
(Hexane:iPrOH = 80:20), Table 1 main manuscript, entry 4.

Absolute configuration of samples of 4aaa (obtained from the reaction catalyzed by (R)-
Aub) and 4aaa’ (obtained from the reaction catalyzed by (S,R,R)-Au2).

CCDC 1520019 CCDC 1520020

Figure S11. CCDC 1520019 [left, (6S, 2S)-4aaa, obtained from the reaction catalyzed by (R)-Au5] and CCDC
1520020 [right, (6R, 2S)-4aaa’, obtained from the reaction catalyzed by (S,R,R)-AuZ2]

CCDC 1520019 (Figure S2 left) contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from www.ccdc.cam.ac.uk/data request/cif. Analysis of the absolute structure
using likelihood methods (Hooft, Straver & Spek, 2008) was performed using PLATON (Spek, 2010). The
results indicated that the absolute structure had been correctly assigned. The method calculated that the
probability that the structure is inverted is smaller than 10-35. The absolute structure parameter y (Hooft,
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Straver & Spek, 2008) was calculated using PLATON (Spek, 2010). The resulting value was y=0.00(8), which
together with Flack parameter value, indicate that the absolute structure has probably been determined
correctly.

CCDC 1520020 (Figure S2 right) contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from www.ccdc.cam.ac.uk/data_request/cif. (b) Analysis of the absolute
structure using likelihood methods (Hooft, Straver & Spek, 2008) was performed using PLATON (Spek, 2010).
The results indicated that the absolute structure had been correctly assigned. The method calculated that the
probability that the structure is inverted is smaller than 10-#4. The absolute structure parameter y (Hooft,
Straver & Spek, 2008) was calculated using PLATON (Spek, 2010). The resulting value was y=0.07(6), which
together with Flack parameter value, indicate that the absolute structure has probably been determined
correctly

3-((2)-((2S,6S)-2-Mesityl-6-methyl-6-phenyldihydro-2H-pyran-3(4 H)-ylidene)methyl)oxazolidin-2-one
(4bab) and 3-((2)-((2R,6S)-2-Mesityl-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-
ylidene)methyl)oxazolidin-2-one (4bab’)

P?oecr;edrjrle Catalyst Manuscript result React. time (h) 4bab : 4bab’ ? Yield® ee 4baa ee 4baa’
A (R)-Au5 Table 2, entry 2 23 4:1 93% 91% 13%
B (R,S,S)-Au2  Table 3, entry 2 0.3 1:4 98%  49% 81%¢
C Au18 - 1.5 1:1.7 92% - -

@ Ratios obtained by 'H-NMR of the crude reaction mixtures. ? Overall yield of both isomers. ¢ For this particular case, (R,S,S)-Au2
and (R)-Aub provide the 2,6-frans isomer with opposite absolute configurations (see HPLC traces).

Characterization data of 4bab and 4bab’ (deduced from a

/l(i 1:1.7 mixture of 4bab : 4bab’, obtained in the racemic

(@]
= NJJ\O 2 "N” "0 reaction). '"H NMR (500 MHz, CDClz) & 7.56 (d, J = 7.1 Hz,
Me(jf\ —/ Me(r\ —/ 0.74H), 7.44 (dd, J = 8.3, 1.4 Hz, 1.26H), 7.40 — 7.32 (m, 2H)
Ph* O Mes Ph* O Mes ’ ’ ’ ’ ’ ’ ’
abab 4bab’ 7.28 (t, J =7.3 Hz, 0.63H), 7.24 (t, J = 7.3 Hz, 0.37H), 6.90 (s,
0.74H), 6.87 (s, 1.26H), 5.97 (s, 0.37H), 5.60 (s, 0.63H), 5.57
(s, 0.37H), 5.43 (s, 0.63H), 3.94 — 3.88 (m, 0.37H), 3.83 — 3.77 (m, 0.63H), 3.42 — 3.32 (m, 1H), 3.22 (q, J =
9.2 Hz, 0.37H), 3.06 (q, J = 9.0 Hz, 0.63H), 2.73 — 2.65 (m, 0.63H), 2.64 — 2.59 (m, 0.37H), 2.57 — 2.44 (m,
4.63H), 2.41 (s, 1.11H), 2.39 — 2.27 (m, 6.89H), 2.14 — 2.05 (m, 0.37H), 1.69 (s, 1.11H), 1.48 (s, 1.89H). 13C
NMR (126 MHz, CDCls) 6 173.58 (C), 157.11 (C), 156.54 (C), 148.55 (C), 146.73 (C), 145.24 (C), 144.27 (C),
139.72 (C), 137.83 (C), 137.13 (C), 137.09 (C), 135.83 (C), 134.04 (C), 133.95 (C), 129.75 (CH), 128.69 (CH),
128.49 (CH), 128.03 (CH), 126.95 (CH), 126.43 (CH), 125.54 (CH), 124.99 (CH), 115.85 (CH), 115.00 (CH),
76.68 (C), 76.35 (C), 69.89 (CH), 68.23 (CH), 62.27 (CHz), 62.22 (CH2), 46.18 (CH), 45.66 (CH2), 37.04
(CH2), 33.73 (CH2), 32.53 (CHs), 26.92 (CHs), 26.71 (CH2), 25.65 (CH2), 21.24 (CHs), 20.95 (CHs), 20.83
(CHs), 20.27 (CHs). LRMS (m/z, ESI): 414.2038 (M+Na)*, 305.1900, 185.1306, 159.1171. HRMS Calculated
for CasH20NNaO3z: 414.2040, found 414.2038. Mp = 90 — 115 °C. [a]o?® = +44 (¢ 1, CHCIz), measured from a
1:4 mixture of 4bab : 4bab’, obtained from the reaction catalyzed by (R,S,S)-Au2. Enantioselectivities were
determined by chiral HPLC analysis using a Chiralpak 1A-3 column, at rt (Hexane:iPrOH = 90:10; 0.5 mL/min).
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Figure S12. Significant nOe’s observed for 4bab and 4bab’.
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Figure S$13. HPLC trace report of a racemic sample of 4bab and 4bab’ (1 : 1.7 ratio) (Hexane : iPrOH =
90:10), Chiralpak IA-3.

Peak RetTime Type Width Area Height Area
# [win] [(min] [wAU*s ] [mAaU] %

e == | |- - |mmmmmeee !

15.194 MFP 0.5751 332.03198 9.62249 3.1445

1

2 16.258 FM 0.6192 782.57739 21.06416 7.4114
3 22.207 MM 0.6499 6785.67188 174.01309 64.2640
4 24.304 MM 0.6560 1011.77026 25.70470 9.5820

I
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4bab (Peak 1 and 3): 91% ee
4bab’ (Peak 2 and 4): 13% ee

Figure S14. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5 (4bab : 4bab’ ratio = 4 :
1), (Hexane : iPrOH = 90:10), Table 2 main manuscript, entry 2.
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Figure S15. HPLC trace report of a sample from the reaction catalyzed by (R,S,S)-Au2 (4bab : 4bab’ ratio =
1:4) (Hexane : iPrOH = 90:10), Table 3 main manuscript, entry 2.
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3-((2)-((2R,6S)-2-(Furan-2-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-
one (Z-4bac) and 3-((2)-((2S,6S)-2-(Furan-2-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-
ylidene)methyl)oxazolidin-2-one (Z-4bac’)

P(r;cir:jrjrle Catalyst Manuscript result React. time (h) Z-(4bac : 4bac’)? Yield® ee Z-4bac ee Z-4bac’
A (R)-Au5  Table 2, entry 3 15 4:1 76% 88% 27%
B (R,S,S)-Au2 Table 3, entry 3 0.3 1:3¢ 81%¢° 65% 86%
C Au18 - 3 d 66%° - -

@ Ratios obtained by 'H-NMR of the crude reaction mixtures. ® Overall yield of Z-4bac and Z-4bac’. ° Traces of the E-isomers (E-4bac
and E-4bac’) were detected in the crude mixture. YA 1: 12 : 2 : 10 mixture of Z-4bac, Z-4bac’, E-4bac and E-4bac’ was observed in the
crude mixture. ¢ Overall yield for both Z and E isomers (Z-4bac+Z-4bac’+E-4bac+E-4bac’).

0 Characterization data of Z-4bac (deduced from a 3:1 mixture of Z-4bac : Z-4bac’
_ N/U\o obtained after column chromatography). Colorless oil. '"H NMR (300 MHz, CDCI3) &
Me@ \_/ 7.36-7.24 (m, 3H), 7.21 (t, J = 7.5 Hz, 2H), 7.15 - 7.07 (m, 1H), 6.17 (s, 1H), 6.13
Ph" 0 @ (dd, J = 3.2, 1.9 Hz, 1H), 6.07 (d, J = 3.3 Hz, 1H), 5.79 (s, 1H), 4.25 — 4.14 (m, 2H),
© 3.56 — 3.43 (m, 2H), 2.76 — 2.57 (m, 1H), 2.54 — 2.34 (m, 2H), 2.13 — 2.00 (m, 1H),
Z-4bac 1.58 — 1.51 (s, 3H). '*C NMR (75 MHz, CDCl3) d 156.80 (C), 153.39 (C), 147.19 (C),
142.06 (CH), 127.90 (CH), 127.25 (C), 126.23 (CH), 124.98 (CH), 118.48 (CH), 110.33 (CH), 109.09 (CH),
75.62 (C), 66.73 (CH), 62.20 (CH2), 45.55 (CH2), 35.58 (CH), 31.08 (CHs), 25.84 (CH2). LRMS (m/z, ESI):
362.1363 (M+Na)*, 253.1216, 235.1110, 135.0459. HRMS Calculated for C20H21NNaOa4: 362.1363, found
362.1363. [a]p®® = -7 (¢ 1, CHCI3), measured from a 4:1 mixture of 4bac : 4bac’, obtained from the reaction
catalyzed by (R)-Aub.

2% j\
N
Me H \ /o
PR O "’(%}4%
0/
Z-4bac

Figure S16. Significant nOe’s observed for Z-4bac.

Characterization data of Z-4bac’ (deduced from a 1:16 mixture of Z-4bac : Z-4bac’
obtained after column chromatography). Colorless oil. '"H NMR (500 MHz, CDCIs) &
7.47 (d, J=8.1Hz, 3H), 7.40 (t, J = 7.8 Hz, 2H), 7.31 - 7.27 (m, 1H), 6.42 (dd, J = 3.3,
1.8 Hz, 1H), 6.39 (d, J = 3.1 Hz, 1H), 5.98 (s, 1H), 5.38 (s, 1H), 4.12 — 4.07 (m, 1H),
4.01(q, J = 8.2 Hz, 1H), 3.39 (q, J = 8.4 Hz, 1H), 3.24 (td, J = 8.8, 6.0 Hz, 1H), 2.74 —
2.65 (m, 1H), 2.41 (dt, J = 14.3, 5.8 Hz, 1H), 2.33 — 2.23 (m, 2H), 1.45 (s, 3H). '°C
NMR (75 MHz, CDCIs) & 156.47 (C), 153.32 (C), 146.72 (C), 142.64 (CH), 130.67 (C), 128.70 (CH), 127.02
(CH), 125.54 (CH), 118.08 (CH), 110.73 (CH), 108.79 (CH), 77.35 (C), 67.04 (CH), 62.07 (CH2), 45.51 (CH2),
34.93 (CH2), 32.00 (CHs), 25.97 (CH2). LRMS (m/z, ESI): 362.1362 (M+Na)*, 253.1217, 235.1110, 135.0478.
HRMS Calculated for C20H21NNaO4: 362.1363, found 362.1364. [a]p?® = +21 (¢ 0.5, CHCI3), measured from a
1 : 3 mixture of Z-4bac : Z-4bac’, obtained from the reaction catalyzed by (R,S,S)-Au2. Enantioselectivities
were determined by chiral HPLC analysis using the Chiralpak IB column, at rt (Hexane : iPrOH = 92:8; 0.5
mL/min).
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Figure S18. HPLC trace report of a racemic sample of 4bac : 4bac’ (1 : 12 ratio) (Hexane : iPrOH = 92:8),

Chiralpak IB.

4bac (Peak 1 and 3): 88% ee
4bac’ (Peak 2 and 4): 27% ee

Figure S$19. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH = 92:8),

Peak RetTime Type
# [min]
it Niamosrodt —-—
1 58.593 MM
2 62.478 MF
3 66.571 FM
4 78.480 MM

Table 2 main manuscript, entry 3.

4bac (Peak 1 and 3): 65% ee

Peak RetTime Type
[min]

wWidth Area
[min] [mAU*s]

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
] o] i} e
1 57.781 MM 1.5298 389.45023 4.24294
2 62.145 MF 1.6819 1302.01184 12.90196
3 64.941 FM 1.7339 6096.21631 58.59935
4 78.143 MM 2.1210 753.04816 5.91730

Height
[mAU]

Width Area Height Area
[min] [mAU*s ] [mAU] %
_______ —] ——-

1.5499 390.14609 4.19538 3.0689
1.8666 5763.71240 51.46380 45.3378
1.9446 544.74640 4.66893 4.2850
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Figure S20. HPLC trace report of a sample from the reaction catalyzed by (R,S,S)-Au2 (Hexane : iPrOH =

92:8), Table 3 main manuscript, entry 3.
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3-((E)-((2R*,6 S*)-2-(Furan-2-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-
one (E-4bac) and 3-((E)-((2S*6S*)-2-(Furan-2-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-
ylidene)methyl)oxazolidin-2-one (E-4bac’)

Characterization data for E-4bac and E-4bac (deduced from a 1:4
0—> mixture of E-4bac : E-4bac’ obtained after column chromatography.
%\N These E-isomers could only be detected in significant amounts by 'H-

(0]
oA o
— NMR in the crude mixture from the reaction catalyzed by the achiral
Me(j,) Me. catalyst Au18). Colorless oil. '"H NMR (500 MHz, CDCI3) 8 7.47 (d, J =
Ph" "0 'Q Ph" 1) 8:2Hz 2H), 7.44 - 7.40 (m, 2.4H), 7.36 (t, J = 7.8 Hz, 0.4H), 7.20 (t, J
=7.2 Hz, 1.2H), 6.43 (dd, J = 3.4, 1.9 Hz, 0.2H), 6.42 (dd, J=3.4, 1.9
E-4bac E-4bac’
Hz, 0.8H), 6.30 (d, J = 3.4 Hz, 0.2H), 6.28 (d, J = 3.3 Hz, 0.8H), 6.24
(s, 0.2H), 6.17 (s, 0.2H), 6.12 (s, 0.8H), 5.84 (s, 0.8H), 4.54 — 4.48 (m, 0.8H), 4.48 —4.42 (m, 1.2H), 3.91 (q, J
=9.2 Hz, 0.8H), 3.83 (q, J = 9.1 Hz, 0.2H), 3.73 — 3.65 (m, 1H), 3.16 (dt, J = 16.0, 5.2 Hz, 0.8H), 2.82 (t, J =
5.7 Hz, 0.4H), 2.54 (t, J = 13.5Hz, 0.8H), 2.46 — 2.40 (m, 0.8H), 2.14 — 2.03 (m, 0.4H), 2.02 — 1.95 (m, 0.8H),
1.69 (s, 0.6H), 1.46 (s, 2.4H). '*C NMR (75 MHz, CDCI3) & 158.94 (C), 158.85 (C), 152.14 (C), 147.80 (C),
144.16 (C), 142.18 (CH), 142.02 (CH), 133.07 (CH), 132.96 (CH), 129.04 (CH), 128.35 (CH), 127.28 (CH),
126.96 (CH), 125.62 (CH), 124.70 (CH), 113.22 (CH), 112.71 (CH), 111.52 (CH), 111.42 (CH), 110.47 (CH),
110.32 (CH), 78.74 (CH), 78.46 (CH), 77.36 (C), 76.91 (C), 62.79 (CHz2), 39.96 (CH2), 39.73 (CHz2), 39.72
(CH2), 34.98 (CH2), 33.31 (CH2), 32.96 (CHs), 26.37 (CHs), 23.70 (CH2), 23.48 (CH2). LRMS (m/z, ESI):
362.1371 (M+Na)*, 253.1222, 235.1116. HRMS Calculated for C20H21NNaOa4: 362.1363, found 362.1364.

LD o)
4%

1%
P 07 Py Mex:
0/

E-4bac

Figure S21. Significant nOe’s observed for E-4bac and E-4bac’.

3-((2)-((2R,6S)-6-Methyl-6-phenyl-2-(thiophen-2-yl)dihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-
one (4bad) and 3-((2)-((2S,6S)-6-Methyl-6-phenyl-2-(thiophen-2-yl)dihydro-2H-pyran-3(4 H)-
ylidene)methyl)oxazolidin-2-one (4bad’)

General . React. time . , b ee ee
Procedure Catalyst Manuscript result (h) 4bad : 4bad’ ¢ Yield 4bad  4bad’
A (R)-Au5 Table 2, entry 4 16 4:1 92% 81% 41%
B (RS,S)-Au2  Table 3, entry 4 0.3 1:1 95% 60% 75%

C Au18 - 1 1.7 :1 96% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ® Overall yield of both isomers.

0] Characterization data of 4bad (deduced from a 8:1 mixture of 4bad : 4bad’,

p N/U\o obtained after column chromatography). Orange oil. '"H NMR (300 MHz, CDCl3) & 7.45
Me@ \_/  (d,J=7.1Hz 2H), 7.31 — 7.22 (m, 3H), 7.21 — 7.14 (m, 1H), 7.05 (d, J = 3.5 Hz, 1H),
Ph* "0 @ 6.89 (dd, J = 5.1, 3.5 Hz, 1H), 5.98 (s, 1H), 5.95 (s, 1H), 4.11 (td, J = 8.9, 5.6 Hz, 1H),
3.95(q, J = 8.4 Hz, 1H), 3.51 (q, J = 8.5 Hz, 1H), 3.24 (td, J = 8.8, 5.6 Hz, 1H), 2.66 —

4bad 2.51 (m, 1H), 2.41 — 2.24 (m, 2H), 2.09 — 1.95 (m, 1H), 1.64 (s, 3H). *C NMR (75
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MHz, CDCIs) & 156.05 (C), 148.47 (C), 144.58 (C), 133.90 (C), 127.93 (CH), 126.35 (CH), 126.13 (CH),
125.88 (CH), 125.53 (CH), 124.77 (CH), 117.85 (CH), 75.92 (C), 68.50 (CH), 62.11 (CHz2), 45.45 (CH), 37.07
(CH2), 28.44 (CHs), 25.63 (CH2). LRMS (m/z, ESI): 378.1133 (M+Na)*, 269.0991, 151.0221, 123.0275. HRMS
Calculated for C20H21NNaOsS: 378.1134, found 378.1133. Enantioselectivities were determined by chiral
HPLC analysis using the Chiralpak IF3 column, at rt (Hexane : iPrOH = 90:10; 0.5 mL/min).
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Figure S22. Significant nOe’s observed for 4bad.
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Figure S24. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5 (4bad : 4bad’ ratio = 4:1)
(Hexane:iPrOH = 90:10), Table 2 main manuscript, entry 4, 81% ee (the minor peaks of the HPLC trace
corresponds to the 4bad’ isomer, obtained with 41% ee, which was further confirmed when a pure sample of
4bad’ was analyzed (see below).
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Figure S25. HPLC trace report of a sample of 4bad from the reaction catalyzed by (R,S,S)-Au2 (Hexane :
iPrOH = 90:10), Table 3 main manuscript, entry 4, 60% ee.
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Orange oil. 'H NMR (300 MHz, CDCl3) & 7.44 (d, J = 8.3 Hz, 2H), 7.36 (t, J = 7.5 Hz,
2H), 7.31 (dd, J = 5.1, 1.2 Hz, 1H), 7.29 — 7.22 (m, 1H), 7.07 (d, J = 3.5 Hz, 1H), 6.96
(dd, J = 5.1, 3.5 Hz, 1H), 5.98 (s, 1H), 5.55 (s, 1H), 4.00 (td, J = 8.4, 7 Hz, 1H), 3.86
(td, J = 8.8, 7.2 Hz, 1H), 3.38 (id, J = 8.4, 7.5 Hz, 1H), 3.12 (td, J = 8.4, 7 Hz, 1H),
2.76 — 2.62 (m, 1H), 2.41 — 2.17 (m, 3H), 1.44 (s, 3H). '*C NMR (75 MHz, CDCI3) &
156.21 (C), 146.85 (C), 144.55 (C), 132.21 (C), 128.53 (CH), 126.89 (CH), 126.53
(CH), 125.95 (CH), 125.83 (CH), 125.39 (CH), 118.19 (CH), 76.94 (C), 69.12 (CH),
62.12 (CH2), 45.32 (CH2), 34.94 (CHz), 32.56 (CHs), 25.95 (CH2). LRMS (m/z, ESI): 378.1134 (M+Na)*,
269.0994, 151.0227, 123.0277. HRMS Calculated for C20H21NNaOsS: 378.1134, found 378.1134.
Enantioselectivity was determined by chiral HPLC analysis using the Chiralpak IA-3 column, at rt (Hexane :
iPrOH =90:10; 0.5 mL/min).
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Figure S26. Significant nOe’s observed for 4bad’.

& g
o e
@
o ¥
| |‘ | I|
|
| ﬂ J I Peak RetTime Type Width Area Height Area
| f K # [min] [min] [mAU*s ] [mAU]) %
L\ - e et T, Wl Besaivcfif Woorer SO0 SO |
T T T T T T T T T T 1 29.054 MM 0.7855 5236.24854 111.09913 50.2116
30 40 2 37.734 MM 0.8852 5192.11719 97.76010 49.7884

Q(l‘
i i
R i
. [+0] @
| o < LN
& .o
s &
@ &
|\ o
[ f
‘ R jR Peak RetTime Type Width Area Height Area
MIJ I\J J \, # [min] [min] [mAU*s] [mAU] %
—_ i T Y P DI R S Wi, \
T ! T T k T T L T T 1 30.658 MM 0.7357 3973.02148 90.00208 70.6632
30 40 2 38.998 MM 0.8592 1649.45459  31.99488 29.3368

Figure S28. HPLC trace report of a sample of 4bad’ from the reaction catalyzed by (R)-Au5 (Hexane:iPrOH =
90:10), Table 2 main manuscript, entry 4, 41% ee.
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Figure S29. HPLC trace report of a sample of 4bad’ from the reaction catalyzed by (R,S,S)-Au2 (Hexane :
iPrOH = 90:10), Table 3 main manuscript, entry 4, 75% ee.

3-((2)-((2S,6S)-2-Butyl-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one
(4bae) and 3-((Z2)-((2R,6S)-2-Butyl-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-

2-one (4bae’)

General Manuscript React. time . ee ee
Catalyst 4bae : 4bae’?  Yield?
Procedure result (h) 4bae 4bae’
Ac (S)-Aub Table 2, entry 5 7 5:1 51% 66% 54%
B (SSRR)-Au2  Table 3, entry 5 17 2:1 42% 33% 56%
(o Au18 - 2 3:1 97% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ? Overall yield of both isomers. ¢ Carried out from -70 to -50 °C. In addition to
4bae and 4bae’, an acyclic hydrofunctionalization product was also detected in the crude reaction mixture by 'H-NMR (5% yield based on

internal standard).'®

O

X

~ "N 0O
Me,,, \ /
Ph (@) "Bu
4bae

H NMR (500 MHz, CDCls) 8 7.48 (d, J = 7.7 Hz, 2H), 7.32 (t, J = 7.7 Hz, 2H), 7.21 (,
J=7.3Hz, 1H), 6.01 (s, 1H), 4.72 (d, J = 7.6 Hz, 1H), 4.39 (t, J = 8.0 Hz, 2H), 3.87 (q,
J = 8.2 Hz, 1H), 3.70 (q, J = 8.3 Hz, 1H), 2.47 (td, J = 12.7, 5.9 Hz, 1H), 2.40 — 2.32
(m, 1H), 2.14 (dt, J = 13.4, 4.3 Hz, 1H), 1.90 (td, J = 12.5, 5.4 Hz, 1H), 1.70 — 1.58 (m,
1H), 1.52 (s, 3H), 1.57 — 1.46 (m, 2H), 1.47 — 1.36 (m, 1H), 1.38 — 1.18 (m, 2H), 0.88
(t, J = 7.3 Hz, 3H). *C NMR (75 MHz, CDCls) & 156.8 (C), 149.6 (C), 133.7 (C), 128.0

(CH), 126.3 (CH), 124.7 (CH), 115.8 (CH), 74.3 (C), 70.7 (CH), 62.1 (CH2), 45.9 (CH.), 37.9 (CH2), 34.3
(CHz2), 30.2 (CHs), 28.0 (CH2), 25.9 (CH2), 22.6 (CH2), 14.0 (CHs). LRMS (m/z, ESI): 352.19 (M+Na)*, 312.20,
243.17, 225.16, 194.11, 169.10, 155.09, 123.12. HRMS Calculated for C20H27NNaOs: 352.1883, found
352.1891. Mp = 112 — 115 °C. [a]p®® = +59 (¢ 0.5, CHCI3) measured from a pure sample of 4bae, obtained
from the reaction catalyzed by (S)-Au5. Enantioselectivities were determined by chiral HPLC analysis using
the Chiralpak IF-3 column, at rt (Hexane : iPrOH = 95:5; 0.5 mL/min).
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Figure S30. HPLC trace report of a racemic sample of 4bae (Hexane : iPrOH = 95 : 5), Chiralpak IF-3.
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Figure S31. HPLC trace report of a sample of 4bae from the reaction catalyzed by (S)-Au5 (Hexane : iPrOH
= 95:5), Table 2 main manuscript, entry 5, 66% ee.
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Figure S32. HPLC trace report of a sample of 4bae from the reaction catalyzed by (S,R,R)-Au2 (Hexane :
iPrOH = 95:5), Table 3 main manuscript, entry 5, 33% ee.

o Colorless oil. 'H NMR (500 MHz, CDClz) 8 7.39 — 7.35 (m, 2H), 7.33 — 7.29 (m, 2H),

_ N)J\O 7.23-7.18 (m, 1H), 5.89 (t, J = 1.7 Hz, 1H), 4.26 — 4.17 (m, 3H), 3.50 — 3.41 (m, 1H),

Meﬂ \__/ 3.05-296 (m, 1H), 2.59 — 2.48 (m, 1H), 2.28 — 2.21 (m, 2H), 2.19 — 2.11 (m, 1H),

P 0" gy 1.75-1.66 (m, 1H), 1.67 — 1.51 (m, 2H), 1.43 (s, 3H), 1.44 —1.22 (m, 3H), 0.93 (t, J =

4bae’ 7.2 Hz, 3H). '*C NMR (75 MHz, CDClIs) & 157.1 (C), 147.1 (C), 133.6 (C), 128.1 (CH),

126.5 (CH), 125.7 (CH), 116.3 (CH), 75.4 (C), 70.8 (CH), 62.1 (CH2), 45.3 (CHz2), 35.1 (CH2), 34.0 (CH2), 33.8

(CHs), 27.6 (CH2), 25.6 (CH2), 22.8 (CH2), 14.1 (CHs). LRMS (m/z, ESI): 352.19 (M+Na)*, 298.05, 243.17,

225.16. HRMS Calculated for C20H27NNaOs: 352.1883, found 352.1892. [a]p?® = -26 (¢ 0.5, CHCI3), measured

from a pure sample of 4bae’, obtained from the reaction catalyzed by (S)-Au5. Enantioselectivities were
determined by chiral HPLC analysis using the Chiralpak IB column, at rt (Hexane:iPrOH = 95:5; 0.5 mL/min).
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Figure S33. HPLC trace report of a racemic sample of 4bae’ (Hexane : iPrOH = 95 : 5), Chiralpak IB.
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Figure S34. HPLC trace report of a sample of 4bae’ from the reaction catalyzed by (S)-Au5 (Hexane : iPrOH
= 95:5), Table 2 main manuscript, entry 5, 54% ee.

©
A» S

M~ qgjb‘ } _’\‘b

LS [ 1 &

9 o | bigz

— & |

ok fl {

‘ m

\Il" | \ Peak RetTime Type Width Area Height Area

|I J \ # [min] [min] [mAU*s] [mAU] %

j ,A-JH--- ‘ T Pt Wit [N, By fezemmmeest i (e |

T T T T[T T T T [ T T T T [ T T T 1 31.387 MM 0.9846 4554.73633 77.10294 21.8292
30 40 50 60 2 51.956 MM 1.3653 1.63106ed 199.11090 78.1708

Figure S35. HPLC trace report of a sample of 4bae’ from the reaction catalyzed by (S,R,R)-Au2 (Hexane :
iPrOH = 95:5), Table 3 main manuscript, entry 5, 56% ee.

3-((2)-((2S,6S)-2-((E)-But-2-en-2-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazo
lidin-2-one (4baf) and 3-((2)-((2R,6S)-2-((E)-But-2-en-2-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4H)-
ylidene)methyl)oxazolidin-2-one (4baf’)

P?Oigzrfie Catalyst Manuscript result Reac(:;.)time 4baf : 4baf’ @  Yield® ee 4baf ee 4baf
A (R)-Au5 Table 2, entry 6 24 5:1 85% 83% 43%
B (R,S,S)-Au2  Table 3, entry 6 0.3 2:1 91% 72% 77%
C" Au18 - 1 3:1 94% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ? Overall yield of both isomers.

O  'H NMR (500 MHz, CDCls) & 7.52 — 7.47 (m, 2H), 7.36 — 7.31 (m, 2H), 7.25 — 7.20 (m,
1H), 5.95 (t, J = 1.6 Hz, 1H), 5.67 — 5.61 (m, 1H), 5.02 (s, 1H), 4.34 — 4.24 (m, 2H),

=~ "N" O
Me\(j/\ \__/ 3.76(id, J = 8.8, 7.2 Hz, 1H), 3.56 (td, J = 8.8, 6.7 Hz, 1H), 2.47 — 2.34 (m, 1H), 2.27 —

PR ™0 ( 2.19 (m, 2H), 1.96 — 1.87 (m, 1H), 1.76 (t, J = 1.1 Hz, 3H), 1.64 (dd, J = 6.8, 1.2 Hz,
3H), 1.61 (s, 3H). 3C NMR (75 MHz, CDCls) & 156.16 (C), 149.31 (C), 134.88 (C),
4bat 134.23 (C), 127.91 (CH), 126.29 (CH), 124.64 (CH), 123.45 (CH), 116.60 (CH), 76.10

(CH), 74.90 (C), 62.03 (CH2), 45.81 (CH2), 37.55 (CH2), 27.90 (CHs), 26.21 (CHz), 13.42 (CHs), 12.75 (CHa).
LRMS (m/z, ESI). 350.1729 (M+Na)*, 223.1472, 162.0913, 131.0862, 105.0691. HRMS Calculated for
C20H2sNNaO3 350.1727, found 350.1729). Mp = 105 — 108 °C. [a]o?® = -48 (¢ 0.5, CHCI3), measured from a
pure sample of 4baf, obtained from the reaction catalyzed by (R,S,S)-Au2. Enantioselectivities were
determined by chiral HPLC analysis using a Chiralpak 1A-3 column, at rt (Hexane:iPrOH = 90:10; 0.5 mL/min).
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Figure S37. HPLC trace report of a sample of 4baf, from the reaction catalyzed by (R)-Au5 (Hexane
=90:10), Table 2 main manuscript, entry 6, 83% ee.
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Figure S38. HPLC trace report of a sample of 4baf, from the reaction catalyzed by (R,S,S)-Au2 (Hexane :

iPrOH = 90:10), Table 3 main manuscript, entry 6, 72% ee.

H NMR (500 MHz, CDCls) & 7.43 — 7.39 (m, 2H), 7.36 (dd, J = 8.6, 6.9 Hz, 2H), 7.27

JI - —7:23(m, 1H), 6.00 (t, J = 1.9 Hz, 1H), 5.63 (qt, J = 6.7, 1.2 Hz, 1H), 4.60 (s, 1H)

4.25 - 4.13 (m, 2H), 3.61 (td, J = 8.6, 6.5 Hz, 1H), 3.30 (td, J = 8.7, 7.6 Hz, 1H), 2.58 —
2.48 (m, 1H), 2.31 — 2.20 (m, 2H), 2.19 — 2.09 (m, 1H), 1.76 (t, J = 1.2 Hz, 3H), 1.70
(d, J = 6.8 Hz, 3H), 1.47 (s, 3H). ®C NMR (126 MHz, CDCl3) & 156.69 (C), 147.25 (C),
dbaf 134.68 (C), 132.66 (C), 128.29 (CH), 126.56 (CH), 125.34 (CH), 123.24 (CH),

117.08

(CH), 76.74 (CH), 75.90 (C), 62.11 (CH2), 45.73 (CHz), 35.17 (CH2), 32.57 (CHs), 26.30 (CH2), 13.57 (CHa),

12.69 (CHs). LRMS (m/z, ESI). 350.1735 (M+Na)*, 282.0801, 223.1478, 193.1015, 131.0841.

HRMS

Calculated for C20H2sNNaOs 350.1727, found 350.1735. Mp = 105 — 108 °C. [a]p®® = +19 (c 0.5, CHCI3),
measured from a 1 : 14 mixture of 4baf : 4baf’, obtained after column chromatography from the reaction
catalyzed by (R, S,S)-Au2. Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak IA-

3 column, at rt (Hexane : iPrOH = 90:10; 0.5 mL/min).
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Peak RetTime Type Width Area Height Area

| | in] [min]  [WAU*s] [WAU] 1
8 T = e RN e e e |prassssr=s Jmaten= |
T T T T T T T T 1 20.089 BB 0.5872 2967.22949 79.17326 49.5861
20 30 2 .23.332 BB 0.6139 2937.81494 74.85155 49.0946
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AT AW e P |- - - | -
T T T T T T T 1 20,237 MM 0.6183 3353.10352 90.39112 71.2563
20 30 2 23,556 MM 0.6592 1352.59058 34.19812 28.7437

Figure S40. HPLC trace report of a sample of 4baf’ from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH
= 90:10), Table 2 main manuscript, entry 6, 43% ee.
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I T T T y I L 1 21.457 MM 0.6839 1.24401ed 303.14728 88.3241
20 30 2 25.258 MM 0.6986 1644.50793 39.23587 11.6759

Figure S41. HPLC trace report of a sample of 4baf’ from the reaction catalyzed by (R,S,S)-Au2 (Hexane :
iPrOH = 90:10), Table 3 main manuscript, entry 6, 77% ee.

3-((2)-((2S,6 S)-6-Methyl-6-phenyl-2-(prop-1-en-2-yl)dihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-
2-one (4bag) and 3-((2)-((2R,6S)-6-Methyl-6-phenyl-2-(prop-1-en-2-yl)dihydro-2H-pyran-3(4 H)-
ylidene)methyl)oxazolidin-2-one (4bag’)

General ] i _ S o )
Procedure Catalyst Manuscript result  React. time (h) 4bag : 4bag’ ? Yield® ee 4bag ee 4bag
A (R)-Aub Table 2, entry 7 17 5:1 60% 74% 27%
Cc Au18 - 2 2:1 76% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ® Overall yield of both isomers.

Characterization data of 4bag (deduced from a 16 : 1 mixture of 4bag : 4bag’,
/U\ obtained after column chromatography). '"H NMR (500 MHz, CDCI3) 8 7.49 (d, J = 7.1

Me\(j/\Nuo Hz, 2H), 7.33 (t, J = 7.8 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 6.05 (s, 1H), 5.12 (s, 1H),

P N0 ]/ 5.08 (s, 1H), 4.97 (s, 1H), 4.32 (t, J = 8.0 Hz, 2H), 3.80 (g, J = 8.2 Hz, 1H), 3.63 (q, J =
8.0 Hz, 1H), 2.48 — 2.39 (m, 1H), 2.30 — 2.20 (m, 2H), 1.98 — 1.90 (m, 1H), 1.89 (s,
4bag 3H), 1.61 (s, 3H). 13C NMR (126 MHz, CDCl3) 5 156.42 (C), 149.60 (C), 143.85 (C),

132.93 (C), 128.07 (CH), 126.46 (CH), 124.69 (CH), 117.22 (CH), 114.15 (CH2), 75.16 (C), 74.41 (CH), 62.16
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(CH2), 45.73 (CH2), 37.81 (CH2), 28.42 (CHas), 26.21 (CH2), 18.99 (CHs). LRMS (m/z, ESI): 336.1570
(M+Na)*, 209.1331, 179.0872, 105.0720. HRMS Calculated for C19H23NNaOs: 336.1570, found 336.1570. Mp
=124 — 128 °C. [a]o*® = -52 (¢ 0.5, CHCIz), measured from a pure sample of 4bag obtained from the reaction
catalyzed by (R)-Au5. Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak IA-3
column, at rt (Hexane :iPrOH =90:10; 0.5 mL/min).

3%

1%
4bag

Figure S42. Significant nOe’s observed for 4bag.

||
| | ‘ | Peak RetTime Type Width Area Height Area
| 5 [l # | [min] | | [min] I [mAU*s ] | [mAU] | & |

T T T T T T T T 1 21.874 MM 0.6723 9999.47070 247.90593 49.8076
20 30 2 24.792 MM 0.6750 1.00767e4  248.82431 50.1924

Figure S43. HPLC trace report of a racemic sample of 4bag (Hexane : iPrOH = 90:10), Chiralpak IA-3.
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/\\I \ # [min] [min] [mAU*s] [mAU] $
TN

[ ¥ & 7 T __T 1 20.350 MM 0.6716 1511.47241  37.51031 13.0263
20 30 2 22.300 MM 0.6458 1.00917ed4  260.43591 86.9737

Figure S44. HPLC trace report of a sample of 4bag from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH
= 90:10), Table 2 main manuscript, entry 7, 74% ee.

Characterization data of 4bag’ (deduced from a 1:4 mixture of 4bag : 4bag’
obtained after column chromatography). "H NMR (400 MHz, CDCls) 8 7.41 (d, J = 8.0
Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.28 — 7.22 (m, 1H), 6.07 (s, 1H), 5.09 (s, 1H), 5.02
(s, 1H), 4.70 (s, 1H), 4.21 (t, J = 7.8 Hz, 2H), 3.63 (q, J = 8.2, 7.8 Hz, 1H), 3.29 (q, J =
8.6 Hz, 1H), 2.60 — 2.50 (m, 1H), 2.30 — 2.16 (m, 3H), 1.89 (s, 3H), 1.48 (s, 3H). *C
NMR (101 MHz, CDCls) & 156.92 (C), 147.33 (C), 144.33 (C), 130.35 (C), 128.40
(CH), 126.75 (CH), 125.46 (CH), 117.89 (CH), 113.91 (CH2), 76.21 (C), 75.00 (CH), 62.16 (CH2), 45.57 (CHz2),
35.36 (CH2), 32.45 (CHs), 26.04 (CHz), 19.05 (CHs). LRMS (m/z, ESI/): 336.1569 (M+Na)*, 209.1333,
179.0874, 105.0714. HRMS Calculated for C19H23NNaOs: 336.1570, found 336.1569. Mp = 124 — 128 °C.
[a]p?® = +21 (¢ 0.5, CHCIs) measured from a pure sample of 4bag’ obtained from the reaction catalyzed by
(R)-Aub. Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak IB column, at rt
(Hexane :iPrOH = 90:10; 0.5 mL/min).

4bag’
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Figure S45. Significant nOe’s observed for 4bag’.

\
| l\ Il Peak RetTime Type Width Area Height Area
Jl \ I}\ # [min] | [min] [mAU*s] [mAU] % ‘
: —‘ S - S S, I
I ! J k ' I ¥ 1 29.159 MM 0.9750 6013.80859 102.79675 50.9626
30 40 2 36.616 MM 1.1009 5786.62402 87.60410 49.0374

Figure S46. HPLC trace report of a racemic sample of 4bag’ (Hexane : iPrOH = 90:10), Chiralpak IB.
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Figure S7. HPLC trace report of a sample of 4bag’ from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH =
90:10), Table 2 main manuscript, entry 7, 27% ee.

3-((2)-((2S,6S)-6-Methyl-6-phenyl-2-vinyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one
(4bah) and 3-((2)-((2R,6S)-6-Methyl-6-phenyl-2-vinyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-
2-one (4bah’)

General Manuscript
Catalyst P React. time (h) 4bah : 4bah’ 2 Yield® ee 4bah ee 4bah’
Procedure result
A (R)-Aub Table 2, entry 8 15 6:1 85% 83% 48%
C Au18 - 3 2:1 95% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ® Overall yield of both isomers.

Characterization data of 4bah : 4bah’ (deduced from the 2:1
mixture of 4bah : 4bah’ obtained in the racemic reaction).
Colorless oil. "H NMR (500 MHz, CDClI3) & 7.48 (d, J = 7.3 Hz,
1.34H), 7.42 (d, J = 7.3 Hz, 0.66H), 7.38 — 7.30 (m, 2H), 7.27 —
7.21 (m, 1H), 6.19 (s, 0.67H), 6.11 — 6.04 (m, 0.33H), 5.96 (s,
0.33H), 5.83 (m, 0.67H), 5.38 (d, J = 17.3 Hz, 0.33H), 5.26 (d, J
=10.3 Hz, 0.33H), 5.23 (d, J = 5.5 Hz, 0.67H), 5.17 (d, J = 17.2 Hz, 0.67H), 5.01 (d, J = 10.3 Hz, 0.67H), 4.78
(d, J =6.0 Hz, 0.33H), 4.39 — 4.30 (m, 1.34H), 4.25 (t, J = 8.0 Hz, 0.66H), 3.82 — 3.72 (m, 1.34H), 3.59 (q, J =
8.3 Hz, 0.33H), 3.37 (q, J = 8.5 Hz, 0.33H), 2.54 — 2.45 (m, 1H), 2.40 — 2.22 (m, 2H), 2.20 — 2.15 (m, 0.33H),

4bah 4bah’
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2.03 - 1.94 (m, 0.67H), 1.53 (s, 2.01H), 1.49 (s, 0.99H). '*C NMR (75 MHz, CDCl3) 5 157.16 (C), 157.04 (C),
148.62 (C), 146.71 (C), 137.50 (CH), 137.14 (CH), 131.78 (C), 128.52 (CH), 128.45 (C), 128.09 (CH), 126.87
(CH), 126.72 (CH), 125.56 (CH), 125.43 (CH), 117.94 (CH), 117.89 (CH), 116.72 (CH2), 116.12 (CH2), 76.40
(C), 75.09 (C), 72.54 (CH), 72.38 (CH), 62.17 (CH2), 62.02 (CH2), 45.96 (CHz), 45.69 (CH2), 36.13 (CH2),
34.96 (CH2), 32.55 (CHs3), 30.77 (CHs), 25.51 (CH2), 25.42 (CHz). LRMS (m/z, ESI): 322.14 (M+Na)*, 282.08,
195.12, 167.08. HRMS Calculated for C1sH21NNaOs: 322.1414, found 322.1413. [a]o®® = -25 (¢ 0.5, CHCIs),
measured from a 6 : 1 mixture of 4bah : 4bah’, obtained from the reaction catalyzed by (R)-Aub.
Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak IF-3 column, at rt (Hexane :
iPrOH = 79:21; 0.5 mL/min).

2% each

o) o)
1% 2% H
@ NJLO H N/U\o
Me H \_ / \ 7/
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| Me”BhO F ]
4bah 4bah’

Figure S48. Significant nOe’s observed for 4bah and 4bah’.

4bah’ 4bah
——

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
e L | ==em | =mmmne | |- E |
25.890 MM 0.6888 2667.43872 64.54742 15.2415
28.061 MF 0.5223 1874.29980 59.80369 10.7096
28.792 FM 0.8062 6913.96533 142.93965 39.5057
31.151 MM 0.7548 6045.45850 133.49290 34.5432

Figure S49. HPLC trace report of a racemic sample of 4bah : 4bah’ (2:1 ratio) (Hexane : iPrOH = 79 : 21),
Chiralpak IF-3.
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A } \ 1 24.390 MM 0.6607 1763.06738  44.47628  9.2533
NN 2 26.591 MF 0.4828 574.62988  19.83627  3.0159
T L L 3 26.972 FM 0.7171 1455.15051  33.81920 7.6372
20 30 40 4 28.993 MM 0.7248 1.52605e4  350.93591 80.0935

4bah (Peak 3 and 4): 83% ee; 4bah’ (Peak 1 and 2): 51% ee.
Figure S$50. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5 (4bah : 4bah’ ratio = 6 :
1), (Hexane : iPrOH = 79:21), Table 2 main manuscript, entry 8.

3-((2)-((2S,6S)-6-Methyl-6-phenyl-2-((E)-1-phenylprop-1-en-2-yl)dihydro-2H-pyran-3(4H)-ylidene)methyl)
oxazolidin-2-one (4bai) and 3-((Z)-((2R,6S)-6-Methyl-6-phenyl-2-((E)-1-phenylprop-1-en-2-yl)dihydro-2H-
pyran-3(4H)-ylidene)methyl)oxazolidin-2-one (4bai’)

ooneral - Catalyst Manuscript Rea‘(’;‘)“me dbai: dbai’ @ Yield® eedbai ee dbai’
A (R)-Aub Table 2, entry 9 20 4:1 80% 78% 39%
B (S,R,R)-Au2 Table 3, entry 7 1 1:1 98% 65% 77%
C Au18 - 1 2:1 80% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ? Overall yield of both isomers.
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0 Characterization data of 4bai (deduced from a 6 :1 mixture of 4bai : 4bai’ obtained

y NJJ\O after column chromatography). '"H NMR (500 MHz, CDCIs) & 7.54 (d, J = 8 Hz, 2H),
Me(j/\ 7.37 - 7.32 (m, 4H), 7.28 (d, J = 8.2 Hz, 2H), 7.26 — 7.22 (m, 2H), 6.63 (s, 1H), 5.96

PR "0 ( (s, 1H), 5.20 (s, 1H), 4.20 (td, J = 8.9, 6.2 Hz, 1H), 4.10 (td, J = 8.9, 7.3 Hz, 1H), 3.73
Ph (td, J = 8.8, 7.4 Hz, 1H), 3.51 (td, J = 8.8, 6.2 Hz, 1H), 2.51 — 2.43 (m, 1H), 2.34 — 2.25
4bai (m, 2H), 2.02 (d, J = 1.3 Hz, 3H), 2.01 — 1.94 (m, 1H), 1.66 (s, 3H). '3C NMR (126

MHz, CDCls) 6 156.23 (C), 149.26 (C), 137.38 (C), 136.27 (C), 135.81 (C), 129.07 (CH), 128.48 (CH), 128.26
(CH), 128.11 (CH), 126.76 (CH), 126.52 (CH), 124.83 (CH), 117.05 (CH), 76.96 (CH), 75.28 (C), 62.12 (CH2),
46.07 (CHz), 37.38 (CH2), 27.98 (CHs), 26.21 (CH2), 14.95 (CHs). LRMS (m/z, ESI): 412.1886 (M+Na)*,
372.1958, 285.1645, 254.1180. HRMS Calculated for C2sH27NNaOs: 412.1883, found 412.1886. Mp = 135 —
150 °C. [a]p?® = +65 (¢ 0.5, CHCIz), measured from a pure sample of 4bai obtained from the reaction
catalyzed by (S,R,R)-Au2. Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak IA-
3 column, at rt (Hexane : iPrOH = 90:10; 0.5 mL/min).
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Figure S51. Significant nOe’s observed for 4bai.
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L= & A oot ! 1 23.631 MM 0.6945 2613.36060 62.71592 49.8600
20 30 40 2 29.700 MM 0.7648 2628.03662 57.27340 50.1400

Figure S52. HPLC trace report of a racemic sample of 4bai (Hexane : iPrOH = 90:10), Chiralpak 1A-3 (the
minor peaks observed in the HPLC trace correspond to the 2,6-trans isomers 4bai’).
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Figure S53. HPLC trace report of a sample of 4bai from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH =
90:10), Table 2 main manuscript, entry 9, 78% ee.
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Figure S54. HPLC trace report of a sample of 4bai from the reaction catalyzed by (S,R,R)-Au2 (Hexane :
iPrOH = 90:10), Table 3 main manuscript, entry 7, 65% ee.

o Characterization data of 4bai’ (deduced from a > 1 : 20 mixture of 4bai : 4bai’,
JL obtained after column chromatography). 'H NMR (500 MHz, CDClI3) & 7.45 (d, J = 8.1
N" "0 Hz, 2H), 7.40 — 7.32 (m, 6H), 7.29 — 7.24 (m, 2H), 6.60 (s, 1H), 6.00 (s, 1H), 4.76 (s,
o 1H), 4.07 (dt, J = 8.8, 6.7 Hz, 2H), 3.63 (id, J = 8.6, 6.5 Hz, 1H), 3.33 (td, J=8.7, 7.4
Hz, 1H), 2.63 — 2.54 (m, 1H), 2.36 — 2.25 (m, 2H), 2.23 — 2.16 (m, 1H), 2.02 (d, J= 1.3
Abai’ Hz, 3H), 1.50 (s, 3H). 3C NMR (126 MHz, CDCI3) & 156.69 (C), 147.18 (C), 137.32
(C), 136.70 (C), 134.02 (C), 128.98 (CH), 128.38 (CH), 128.22 (CH), 127.89 (CH),
126.71 (CH), 126.66 (CH), 125.29 (CH), 117.43 (CH), 77.47 (CH), 76.17 (C), 62.09 (CHz2), 46.05 (CH2), 34.95
(CH2), 32.37 (CHs), 26.19 (CH2), 14.73 (CHs). LRMS (m/z, ESI): 412.1881 (M+Na)*, 372.1954, 285.1634,
254.1174. HRMS Calculated for C2sH27NNaOs: 412.1883, found 412.1881. Mp = 135 — 150 °C. [a]p?® = -1 (c
0.5, CHCI3), measured in a pure sample of 4bai’ obtained from the reaction catalyzed by (S,R,R)-Au2.
Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak IA-3 column, at rt (Hexane :
iPrOH =90 : 10; 0.5 mL/min).
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T I k T J J T i T ! T T T 1 25.205 MM 0.7329 4336.50439 98.61423 50.3684
20 30 40 2 33.596 MM 0.8321 4273.06299  85.58444 49.6316

Figure S56. HPLC trace report of a racemic sample of 4bai’ (Hexane : iPrOH = 90:10), Chiralpak 1A-3 (the
minor peaks observed in the HPLC trace correspond to the 2,6-cis enantiomers 4bai (4bai : 4bai’ = 1:14).
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Figure S57. HPLC trace report of a sample of 4bai’ from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH
=90:10), Table 2 main manuscript, entry 9, 39% ee.
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Figure S58. HPLC trace report of a sample of 4bai’ from the reaction catalyzed by (S,R,R)-Au2 (Hexane :
iPrOH = 90:10), Table 3 main manuscript, entry 7, 77% ee.

3-((2)-((2S,6S)-2-(Cyclohex-1-en-1-yl)-6-methyl-6-phenyldihydro-2H-pyran-3(4 H)-ylidene)methyl)
oxazolidin-2-one (4baj) and 3-((2)-((2R,6S)-2-(Cyclohex-1-en-1-yl)-6-methyl-6-phenyldihydro-2H-pyran-
3(4H)-ylidene)methyl)oxazolidin-2-one (4baj’)

P?Oir;rj'e Catalyst ~ Manuscript result React. time (h) 4baj : 4baj’ @ Yield® ee 4baj ee 4baj’
A (R)-Aub Table 2, entry 10 16 7:1 7%  81% 25%
B (R,S,S)-Au2  Table 3, entry 8 0.3 2:1 80% 62%  75%
c Au18 - 1 2:1 7% - -

a Ratios obtained by "H-NMR of the crude reaction mixtures. ? Overall yield of both isomers.

o 'HNMR (300 MHz, CDCls)  7.47 (d, J = 8.2 Hz, 2H), 7.31 (t, J = 7.2 Hz, 2H), 7.24 —
U 7.15(m, 1H),5.97 (s, 1H), 5.76 (s, 1H), 4.99 (s, 1H), 4.30 (t, J = 8.0 Hz, 2H), 3.76 (q, J
Me(j/\Nuo = 8.2 Hz, 1H), 3.59 (q, J = 8.1 Hz, 1H), 2.46 — 2.32 (m, 1H), 2.30 — 1.82 (m, 7H), 1.75

PR N0 @ — 1.44 (m, 4H), 1.58 (s, 3H). *C NMR (75 MHz, CDCls) & 156.53 (C), 149.61 (C),
136.63 (C), 134.12 (C), 128.17 (CH), 126.54 (CH), 126.15 (CH), 124.92 (CH), 116.75
4baj (CH), 75.27 (C), 74.97 (CH), 62.19 (CHz), 45.85 (CH>), 37.43 (CH2), 28.37 (CHs),

26.30 (CH2), 25.41 (CH2), 24.84 (CH2), 22.77 (CHz), 22.40 (CH2). LRMS (m/z, ESI): 376.1883 (M+Na)*,
336.1959, 267.1739, 249.1632. HRMS Calculated for C22H27NNaOs: 376.1883, found 376.1883.
Enantioselectivities was determined by chiral HPLC analysis using a Chiralpak IA-3 column, at rt (Hexane :

iPrOH = 90:10; 0.5 mL/min).
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Figure S59. Significant nOe’s observed for 4baj.
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Figure S61. HPLC trace report of a sample of 4baj from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH =
90:10), Table 2 main manuscript, entry 10, 81% ee.
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Figure S62. HPLC trace report of a sample of 4baj from the reaction catalyzed by (R,S,S)-Au2 (Hexane :
iPrOH = 90:10), Table 3 main manuscript, entry 8, 62% ee.

O  'H NMR (300 MHz, CDCls) & 7.43 — 7.29 (m, 4H), 7.27 — 7.19 (m, 1H), 6.01 (s, 1H),
5.78 (s, 1H), 4.57 (s, 1H), 4.29 — 4.10 (m, 2H), 3.60 (td, J = 8.5, 6.5 Hz, 1H), 3.27 (q, J
= 8.5 Hz, 1H), 2.59 — 2.44 (m, 1H), 2.29 — 1.97 (m, 7H), 1.73 — 1.53 (m, 4H), 1.45 (s,
3H). 3C NMR (126 MHz, CDCls) 5 156.88 (C), 147.56 (C), 136.80 (C), 131.59 (C),
128.36 (CH), 126.65 (CH), 125.50 (CH), 117.25 (CH), 75.95 (C), 75.67 (CH), 62.27
(CH2), 45.69 (CH2), 35.39 (CHz), 32.56 (CHa), 26.30 (CHz), 25.55 (CHz), 24.93 (CHa),
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22.89 (CH2), 22.51 (CH2). LRMS (m/z, ESI): 376.1883 (M+Na)*, 336.1964, 267.1742, 249.1633. HRMS
Calculated for C22H27NNaOs: 376.1883, found 376.1883. Enantioselectivities were determined by chiral HPLC
analysis on a Chiralpak IA-3, at rt (Hexane : iPrOH = 90:10; 0.5 mL/min).

4% and 2%

4baj’

Figure S63. Significant nOe’s observed for 4baj’.
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Figure S64. HPLC trace report of a racemic sample of 4baj’ (Hexane : iPrOH = 90:10), Chiralpak 1A-3.
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20 30 2 24.846 MM 0.6782 2002.66882 49.21571 37.6214

Figure S$65. HPLC trace report of a sample of 4baj’ from the reaction catalyzed by (R)-Au5 (Hexane : iPrOH
=90:10), Table 2 main manuscript, entry 10, 25% ee.
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Figure S66. Sample of 4baj’ from the reaction catalyzed by 4baj’ with (R,S,S)-Au2 (Hexane : iPrOH = 90:10),
Table 3 main manuscript, entry 8, 75% ee.
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3-((2)-((2S,6S)-6-Ethyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one (4bba) and
3-((2)-((2R,6S)-6-Ethyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one (4bba’)

General
Catalyst Manuscript result React. time (h) 4bba: 4bba’2 Yield® ee 4bba ee 4bba’
Procedure
A (R)-Aub5 Table 2, entry 10 21 3:1 76% 88% 5%
C Au18¢ - 1.5 1:1 85% - -

@ Ratios obtained by 'H-NMR of the crude reaction mixtures. ® Overall yield of both isomers. ¢ A small fraction (=10%) of the [2+2]
cycloadduct was also obtained.

0 Characterization data of 4bba : 4bba’ (deduced from the 1:1
JJ\ mixture of 4bba : 4bba’ obtained in the racemic reaction). H
W\NLJO @NLJO NMR (300 MHz, CDCls) 5 7.52 — 7.22 (m, 9.5H), 7.22 — 7.14 (m,
Ph" ~0O7 “Ph Ph 07 YPh 0.5H), 5.79 — 5.74 (m, 1H), 5.49 (s, 0.5H), 5.13 (s, 0.5H), 4.00 —
3.90 (m, 0.5H), 3.82 — 3.72 (m, 0.5H), 3.61 (q, J = 8.3 Hz, 0.5H),
3.51(q, J = 8.3 Hz, 0.5H), 3.31 (q, J = 8.2 Hz, 0.5H), 3.17 (q, J =
8.3 Hz, 0.5H), 2.84 — 2.69 (m, 1H), 2.68 — 2.19 (m, 4H), 2.07 — 1.94 (m, 0.5H), 1.93 — 1.63 (m, 1.5H), 0.70 (t, J
= 7.4 Hz, 1.5H), 0.62 (t, J = 7.3 Hz, 1.5H). '*C NMR (75 MHz, CDCI3) & 156.05 (C), 155.82 (C), 146.74 (C),
144.73 (C), 141.40 (C), 141.02 (C), 139.24 (C), 137.61 (C), 128.31 (CH), 128.24 (CH), 128.12 (CH), 127.99
(CH), 127.85 (CH), 126.76 (CH), 126.43 (CH), 126.18 (CH), 125.59 (CH), 116.84 (CH), 116.55 (CH), 79.25
(C), 78.43 (C), 73.79 (CH), 72.66 (CH), 61.85 (CHz), 61.81 (CH2), 45.47 (CH2), 45.42 (CH), 37.88 (CHz),
37.56 (CH2), 32.69 (CH2), 31.81 (CH2), 26.68 (CH), 25.80 (CH2), 8.19 (CHs), 8.18 (CHs). LRMS (m/z, ESI):
386.1727 (M+Na)*, 277.159, 259.1479, 117.0714. HRMS Calculated for C23H2sNNaOs: 386.1727, found
386.1727. Mp = 125 — 148 °C. [a]p?® = -62 (¢ 0.5, CHCI3), measured from a mixture 3 : 1 of 4bba : 4bba’,
obtained from the reaction catalyzed by (R)-Au5. Enantioselectivities was determined by chiral HPLC analysis
using a Chiralpak 1A-3, at rt (Hexane : iPrOH = 90:10; 0.5 mL/min).

4bba 4bba’
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Figure S67. Significant nOe’s observed for 4bba and 4bba’.
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Figure S68. HPLC trace report of a racemic sample of 4bba : 4bba’ (1.1:1 ratio) (Hexane : iPrOH = 90:10),
Chiralpak 1A-3.
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Figure S69. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5, (4bba : 4bba’ ratio = 3 :
1) (Hexane : iPrOH = 90:10), Table 2 main manuscript, entry 11.

3-((2)-((2S,6R)-6-Isopropyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one (4bca)
and  3-((2)~((2R,6R)-6-Isopropyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one
(4bca’)

pooneral - Catalyst Manuscript result  React. time (h) 4bca : 4bca’ @ Yield® ee 4bca ee 4bca’
Ac (R)-Au5 Table 2, entry 12 27 1:2 52%  76% 10%
B (R,S,S)-Au2  Table 3, entry 9 0.3 1:1.1 9%6% 61%  45%
C Au18 15 1:2 08% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. ” Overall yield of both isomers. ¢ Carried out from -70 to -50 °C.

Characterization data of 4bca : 4bca’ (deduced from a 1.1:1
2SN Yo 2SN N0 mixture of 4bca : 4bca’ obtained in the reaction with Au2 after
m \/ /k(\/(\ \__/  column chromatography). '"H NMR (500 MHz, CDClz) & 7.46 —
PR "0” "Ph Pt 0" "Ph 7.22 (m, 19.48H), 7.22 — 7.17 (m, 0.52H), 5.77 (s, 0.48H), 5.74
4bca 4bca’ (s, 0.52H), 5.57 (s, 0.52H), 5.09 (s, 0.48H), 3.95 (td, J = 8.8,
5.3 Hz, 0.52H), 3.79 (td, J = 8.7, 6.0 Hz, 0.48H), 3.58 (q, J = 8.3 Hz, 0.52H), 3.55 — 3.51 (q, J = 8.3 Hz,
0.48H), 3.29 (q, J = 8.7 Hz, 0.52H), 3.17 (q, J = 8.4 Hz, 0.48H), 2.78 — 2.68 (m, 1H), 2.60 — 2.53 (m, 0.48H),
2.49 (dt, J = 13.3, 4.3 Hz, 0.52H), 2.45 — 2.24 (m, 3H), 2.21 — 2.13 (m, 0.52H), 1.95 (hept, J = 6.9 Hz, 0.48H),
0.92 (d, J = 6.8 Hz, 1.44H), 0.87 (d, J = 6.9 Hz, 1.56H), 0.72 (d, J = 6.8 Hz, 3H). '*C NMR (126 MHz, CDClI3) &
156.24 (C), 155.84 (C), 143.20 (C), 142.98 (C), 141.67 (C), 141.21 (C), 139.73 (C), 137.29 (C), 128.26 (CH),
128.22 (CH), 127.94 (CH), 127.87 (CH), 127.81 (CH), 127.59 (CH), 127.28 (CH), 127.05 (CH), 126.83 (CH),
126.34 (CH), 116.81 (CH), 116.29 (CH), 81.28 (C), 80.82 (C), 73.58 (CH), 73.14 (CH), 61.86 (CHz), 61.85
(CHz), 45.58 (CH2), 45.47 (CH2), 40.20 (CH), 35.49 (CH), 33.19 (CHz2), 29.59 (CH), 27.37 (CHz2), 26.13 (CH2),
17.75 (CHs), 17.54 (CHs), 17.19 (CHs), 17.09 (CHs). LRMS (m/z, ESI): 400.1882 (M+Na)*, 291.1746,
273.1637, 105.0688. HRMS Calculated for C24H27NNaOs: 400.1883, found 400.1882. [a]o?® = -9 (¢ 0.5,
CHCI3), measured from a sample consisting on a 1 : 4 mixture of 4bca : 4bca’, obtained from the reaction
catalyzed by (R)-Au5 after column chromatography. Enantioselectivities were determined by chiral HPLC
analysis using a Chiralpak 1A-3 column, at rt (Hexane : iPrOH = 90:10; 0.5 mL/min).
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Figure S70. Significant nOe’s observed for 4bca and 4bca’.
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Figure S71. HPLC trace report of a racemic sample of 4bca : 4bca’ (1 : 1.8 ratio) (Hexane : iPrOH = 90:10),
Chiralpak IA-3.
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Figure S72. HPLC trace report of a sample from the reaction catalyzed by (R)-Au5 (sample from column
chromatography, 4bca : 4bca’ ratio = 1 : 4). (Hexane : iPrOH = 90:10), Table 2 main manuscript, entry 12.
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Figure S73. HPLC trace report of a sample from the reaction catalyzed by (R,S,S)-Au2 (sample from column
chromatography, 4bca : 4bca’ ratio = 1 : 15). (Hexane : iPrOH = 90:10), Table 3 main manuscript, entry 8.

3-((2)-((2S,6S)-6-(4-methoxyphenyl)-2-phenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one

General
Catalyst Manuscript results React. time (h) 4bda : 4bda’ Yield ee4bda
Procedure
Az (R)-Au5 Table 2, entry 13 17 1:0 57% 60%
C Au18 - 0.5 1:0 65% -

2Small amounts of the [2+2] and [2C+2C+2C] cycloadducts were also isolated.

O  'H NMR (500 MHz, CDCls) 5 7.51 — 7.44 (m, 2H), 7.36 — 7.27 (m, 5H), 6.88 —
(YNJL 6.80 (m, 2H), 5.96 (d, J = 1.3 Hz, 1H), 5.48 (s, 1H), 4.64 (dd, J = 10.3, 4.5 Hz,

@)
L/ 1H),3.98 -3.91 (m, 1H), 3.77 (s, 3H), 3.70 (q, J = 8.5 Hz, 1H), 3.35 (q, J =
o" "Ph 8.6 Hz, 1H), 3.09 (td, J = 8.8, 5.5 Hz, 1H), 2.72 — 2.64 (m, 1H), 2.58 — 2.50
MeO 4bda (m, 1H), 2.15 — 2.06 (m, 1H), 2.02 — 1.94 (m, 1H). 13*C NMR (75 MHz, CDCls)

5 158.8 (C), 156.2 (C), 140.5 (C), 135.1 (C), 133.8 (C), 128.1 (CH), 127.8
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(CH), 127.4 (CH), 127.0 (CH), 118.5 (CH), 113.6 (CH), 78.9 (CH), 76.6 (CH), 61.8 (CH2), 55.2 (CHa), 45.7
(CH2), 33.2 (CH2), 28.5 (CH2). LRMS (m/z, ESI): 388.15 (M+Na)+, 348.16, 278.14, 261.13, 214.09, 145.07,
117.07. HRMS Calculated for C22H23NNaO4: 388.1519, found 388.1521. Mp = 157 - 162 °C.
Enantioselectivities were determined by chiral HPLC analysis on Chiralpak IA at rt, (Hexane : iPrOH = 90:10,
0.5 mL/min). [a]o?® = -1 (¢ 0.5, CHCIs), measured from a pure sample of 4bad obtained from the reaction

catalyzed by (R)-Aub.
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Figure S74. HPLC trace report of a racemic sample of 4bda (Hexane : iPrOH = 90:10), Chiralpak IA.
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Figure S75. HPLC trace report of a sample of 4bda obtained from the reaction catalyzed by (R)-Au5 (Hexane
: iPrOH = 90:10), Table 2 main manuscript, entry 13, 60% ee.

(S,Z2)-3-((2,6,6-triphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)oxazolidin-2-one (4bda)

O 'H NMR (300 MHz, CDCl3) 5 7.61 — 7.45 (m, 4H), 7.47 — 7.29 (m, 7H), 7.33 - 7.16

_ NJ( (m, 3H), 7.20 — 7.07 (m, 1H), 5.78 (d, J = 1.5 Hz, 1H), 5.24 (s, 1H), 3.88 — 3.69 (m,

Ph@i\ \\/O 1H), 3.48 (q, J = 8.2 Hz, 1H), 3.19 (q, J = 8.0 Hz, 1H), 2.88 — 2.65 (m, 2H), 2.69 —

Ph™ "O” “Ph 2.42 (m, 3H). 3C NMR (75 MHz, CDCl3) & 156.0 (C), 148.1 (C), 144.1 (C), 140.6

4bda (C), 136.9 (C), 128.4 (CH), 128.1 (CH), 127.9 (CH), 127.8 (CH), 127.8 (CH), 127.1

(CH), 127.0 (CH), 126.3 (CH), 125.2 (CH), 117.2 (CH), 80.0 (C), 73.8 (CH), 61.7 (CH2), 45.4 (CH2), 35.5

(CH2), 26.5 (CH2). LRMS (m/z, ESI): 434.17 (M+Na)*, 394.18, 325.26, 241.09, 193.10, 145.07, 117.07. HRMS

Calculated for C27H2sNNaOs: 434.1727, found 434.1721. Enantioselectivities were determined by chiral HPLC
analysis on Chiralpak IA-3 at rt, (Hexane : iPrOH = 90:10, 0.5 mL/min).
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Figure S76. HPLC trace report of a racemic sample of 4bda (Chiralpak IA-3, (Hexane : iPrOH = 90:10, 0.5

mL/min)
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Figure S77. HPLC trace report of a sample of 4bda obtained from the reaction catalyzed by (R, S, S)-Au2

3-((2)-((2S,4aR,9b S)-9b-methyl-2-phenyl-4,4a,5,9b-tetrahydroindeno[1,2-b]pyran-3(2H)-ylidene)methyl)
oxazolidin-2-one (4bfa)

General . . .
Catalyst Manuscript result React. time (h) Yield ee 4bfa
Procedure
B? (R,S,S)-Au2 Table 3, entry 11 2 50% 82%
C Au18 - 5 69% -

@Carried out from -78 to -50 °C. Conversion was not complete (80%).

O "H NMR (500 MHz, CDCl3) 8 7.43 — 7.19 (m, 9H), 5.96 (t, J = 1.9 Hz, 1H), 5.69

", SN0 (s, 1H), 4.08 — 4.00 (m, 1H), 3.85 (q, J = 9.2, 8.4 Hz, 1H), 3.41 — 3.31 (m, 2H),

\_/ 292-285(m, 1H), 2.79 (dd, J = 17.2, 2.1 Hz, 1H), 2.59 — 2.44 (m, 3H), 1.70 (s,

é\l‘\;l‘e 04b;;Ph 3H). 3C NMR (75 MHz, CDCls) & 155.85 (C), 146.75 (C), 140.86 (C), 140.56 (C),

136.69 (C), 128.34 (CH), 128.33 (CH), 128.02 (CH), 127.96 (CH), 126.96 (CH),

124.75 (CH), 124.38 (CH), 117.01 (CH), 85.04 (C), 73.21 (CH), 61.87 (CH2), 45.23 (CH2), 45.11 (CH), 37.92

(CH2), 34.29 (CH), 25.24 (CH3). LRMS (m/z, ESI): 384.16 (M+Na)+, 294.08, 257.13, 143.09, 129.07. HRMS

Calculated for C23H23NNaOs: 384.1570, found 384.1568. Mp = 171-175 °C. [a]p®® = +66 (¢ 0.5, CHCI3),

measured from a pure sample of 4bfa, obtained from the reaction catalyzed by (R,S,S)-Au2.

Enantioselectivities were determined by chiral HPLC analysis using a Chiralpak 1A-3 column, at rt (Hexane :
iPrOH = 90:10; 0.5 mL/min).
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Figure S78. HPLC trace report of a racemic sample of 4bfa (Hexane : iPrOH = 90:10), Chiralpak IA-3.
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Figure S79. HPLC trace report of a sample of 4bfa obtained with (R,S,S)-Au2 (Hex. : iPrOH = 90:10), Table 3
main manuscript, entry 11, 82% ee
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4-Methyl-N-((2)-((2S,6S)-6-methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)-N-phenyl
benzenesulfonamide (Z-4aaa), 4-Methyl-N-((E)-((2S,6S)-6-methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-
ylidene)methyl)-N-phenylbenzenesulfonamide  (E-4aaa), 4-Methyl-N-((Z)-((2R,6S)-6-methyl-2,6-
diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)-N-phenylbenzenesulfonamide (Z-4aaa’) and 4-Methyl-
N-((E)-((2R,6S)-6-methyl-2,6-diphenyldihydro-2H-pyran-3(4H)-ylidene)methyl)-N-
phenylbenzenesulfonamide (E-4aaa’)

General Catalyst Manuscript React. Z-4aaa’ : E-4aaa ’:a Yield® ee ’ ee ’
procedure result time (h) Z-4aaa’: E-4aaa Z-4aaa Z-4aaa’ E-4aaa E-4aaa
A (R)-Au5 reference 21 23 14:1:3:0 15% 81% 30%
B (S,R,R)-Au2 Table 3, entry 12 1 5:5:1:1 92% 89% 74% 94% 25%
Ce Au18 - 0.5 4:5:1:1 85% - -

@ Ratios obtained by "H-NMR of the crude reaction mixtures. » Combined yield of isomers. ¢ The reaction was carried out at -70 °C.

Characterization data of Z-4aaa : Z-4aaa (deduced from a Z-

= N/TS M (Y\N/TS 4aaa : Z-4aaa’ mixture obtained in the reaction catalyzed by
|
I\SE“' o "’PhFl)h P;\- o PhPh Au5). 'TH NMR (500 MHz, CDCl3) & 7.44 — 7.03 (m, 16.42H), 6.97
(t, J = 7.7 Hz, 0.58H), 6.64 (d, J = 6.6 Hz, 1.42H), 6.45 (d, J =
Z-4aaa Z-4aaa’

8.0 Hz, 0.58H), 6.14 — 6.11 (m, 1H), 5.54 (s, 0.71H), 4.98 (s,
0.29H), 2.72 — 2.65 (m, 0.29H), 2.64 — 2.56 (m, 0.71H), 2.42 (s, 2.13H), 2.38 (s, 0.87H), 2.38 — 2.26 (m, 2H),
2.14 — 2.07 (m, 0.29H), 2.02 — 1.94 (m, 0.71H), 1.52 (s, 2.13H), 1.38 (s, 0.87H). *C NMR (126 MHz, CDCI3)
5 149.30 (C), 147.37 (C), 143.85 (C), 143.72 (C), 142.37 (C), 140.33 (C), 140.09 (C), 140.03 (C), 139.76 (C),
139.71 (C), 134.48 (C), 134.36 (C), 129.48 (CH), 129.37 (CH), 128.56 (CH), 128.53 (CH), 128.46 (CH),
128.39 (CH), 128.38 (CH), 128.33 (CH), 128.21 (CH), 128.01 (CH), 127.98 (CH), 127.88 (CH), 127.72 (CH),
127.63 (CH), 127.04 (CH), 127.03 (CH), 126.96 (CH), 126.80 (CH), 126.58 (CH), 126.32 (CH), 125.21 (CH),
124.80 (CH), 120.81 (CH), 120.50 (CH), 76.45 (C), 75.36 (C), 73.74 (CH), 73.05 (CH), 37.96 (CHz), 35.17
(CHz), 32.88 (CHa), 28.37 (CHz), 26.24 (CHz), 26.23 (CH2), 21.71 (CHa), 21.67 (CHa).

nOe

Ph* O
nOe
Z-4aaa Z-4aaa’

Figure S80. Significant nOe’s observed for Z-4aaa and Z-4aaa’.

_~ N/TS y N/Ts Characterization data of Z-4aaa : E-4aaa : Z-4aaa’ : E-4aaa’
Me\(j/\ : Me\(\/f\ Ph (deduced from a 6:5:1:1 mixture of Z-4aaa : E-4aaa : Z-4aaa’ : E-

R -, . Ph R
Ph' ~0” “Ph Ph* 0" "Ph 4aaa’ obtained in the reaction with (R,S,S)-Au1 (Scheme 2 main

Z-4aaa Z-4aaa’ manuscript) after column chromatography) '"H NMR (500 MHz,

Ts. _Ph Ts. _ph  CDCl) & 7.51 —6.92 (m, 17.86H), 6.64 (d, J = 6.8 Hz, 1H), 6.45

N N (d, J = 8.7 Hz, 0.14H), 6.13 (s, 0.57H), 5.54 (s, 0.5H), 5.41 (s,
Me\]\/j/ Me(f 0.36H), 5.40 (s, 0.36H), 5.28 (s, 0.07H), 4.98 (s, 0.07H), 4.92 (s,
P N0~ “Ph P N0~ ph 0.07H), 2.74 — 2.65 (m, 0.14H), 2.65 — 2.51 (m, 0.86H), 2.42 (s,
E.4aaa J— 1.5H), 2.37 (s, 1.08H), 2.36 — 2.21 (m, 1.92H), 2.12 (s, 0.07H),

2.03 — 1.92 (m, 0.93H), 1.84 (td, J = 13.2, 4.0 Hz, 0.07H), 1.75 —
1.67 (m, 0.43H), 1.64 (s, 1.08H), 1.52 (s, 1.5H), 1.42 (s, 0.21H), 1.38 (s, 0.21H). 3C NMR (75 MHz, CDCl3) &
149.44 (C), 148.84 (C), 144.48 (C), 143.98 (C), 143.90 (C), 143.84 (C), 142.48 (C), 141.62 (C), 141.40 (C),
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140.50 (C), 140.45 (C), 140.21 (C), 140.15 (C), 139.88 (C), 139.83 (C), 139.35 (C), 139.33 (C), 134.59 (C
134.47 (C), 134.16 (C), 134.11 (C), 129.57 (CH), 129.46 (CH), 129.44 (CH), 129.42 (CH), 129.08 (CH
128.91 (CH), 128.65 (CH), 128.62 (CH), 128.55 (CH), 128.48 (CH), 128.45 (CH), 128.42 (CH), 128.30 (CH
128.22 (CH), 128.18 (CH), 128.10 (CH), 128.07 (CH), 127.97 (CH), 127.93 (CH), 127.81 (CH), 127.72 (CH
127.18 (CH), 127.12 (CH), 127.05 (CH), 127.00 (CH), 126.96 (CH), 126.89 (CH), 126.67 (CH), 126.65 (CH
126.41 (CH), 126.10 (CH), 125.30 (CH), 124.88 (CH), 124.61 (CH), 124.53 (CH), 123.89 (CH), 120.89 (CH
120.58 (CH), 77.36 (CH), 76.44 (C), 75.94 (C), 75.57 (CH), 75.35 (C), 74.62 (CH), 73.73 (CH), 73.04 (CH),
53.52 (CHz), 37.88 (CH2), 36.26 (CH2), 35.09 (CHz), 33.80 (CH2), 33.71 (CHs), 32.79 (CHs), 28.28 (CHs),
26.12 (CH2), 23.70 (CH3), 23.30 (CHz2), 22.75 (CH2), 21.59 (CHs), 21.54 (CHs). LRMS (m/z, ESI): 532.1921
(M+Na)*, 374.1225, 263.1419, 218.0968. HRMS Calculated for C32H32NO3S: 510.2097, found 510.2095. Mp =
90 — 125 °C. [a]p® = +51 (¢ 0.5, CHCIz), measured in a sample consisting of a 7 : 5 : 1 : 1 mixture of Z-4aaa,
E-4aaa, Z-4aaa’ and E-4aaa’ , obtained from the reaction catalyzed by (R, S, S)-Au1. Enantioselectivities were
determined by chiral HPLC analysis using Chiralpak IE-3 (for Z-4aaa, E-4aaa and E-4aaa’) and IA-3 (for Z-
4aaa’) columns, at rt (Hexane : iPrOH = 97:3; 0.5 mL/min).

nOe Ts\N,Ph

M@
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E-4aaa

’

’

vvvvvv

’

Figure S81. Significant nOe’s observed for E-4aaa.
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Figure S82. HPLC trace report of a racemic sample of Z-4aaa : E-4aaa : Z-4aaa’ : E-4aaa’ (9:15: 2 : 1 ratio,
obtained from the column chromatography of the reaction catalyzed by Au18), (Hexane : iPrOH = 97:3),
Chiralpak IE-3.

e fp > Nl

S o | 142 be peak RetTime Type Width Area Height Area

g &h\ \b\r} & ]vi\e" F‘ S q(q:\(b q\b‘ #  [min] e [min]  [mAU*s] [n\Ag] 3
e 4 ] e Oy oy P
sg?séas' QE'Q) stq: ‘ | l g §‘ q’%h 1‘ 59.062|MM | 1.1973‘1411.94229‘ 19.65306 5.4372|
% . fa ‘ \ [ "?ﬁl\- "b 2 66.607 MM 1.3259 851.24188 10.69986 3.2783
| &%@ IJ | 9-?&2' 3 72.472 MM 1.4678 295.65781 3.35705 1.1386
] L /N 4 88.093 MM 1.7529 1.07762e4 102.46114 41.5005
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T T T T T [ T T T T | T T T T T T 6 102,392 MM 2.2436 2213.48413 16.44268 8.5244
50 75 100 125 7 107.856 MM 2.3244 264.91376 1.89949  1.0202

Z-4aaa (Peak 4 and 6): 89% ee (calculated using the ee of (Z)-4aaa’ obtained in Chiralpak 1A-3, see below)

E-4aaa (Peak 3 and 5): 94% ee
E-4aaa’ (Peak 1 and 2): 25% ee

Figure S83. HPLC trace report of a sample obtained from the reaction catalyzed by (S,R,R)-Au2 (Z-4aaa : E-
4aaa : Z-4aaa’ : E-4aaa’ratio=5:5:1:1), (Hexane : iPrOH = 97:3), Table 3 main manuscript, entry 12.

S47



o | 16 &

(o) =] %’ '& .Q@ Peak RetTime Type Width Area Height Area

m’ %% p] g@’b‘. =] @fbl # [min] [min] [mAU*s ] [mAU] %
AR S B e e o B P | mmmmmmmmn e !
W 5 /L 1 24.619 MF 0.6592 292.40219 7.39307 11.5951
i e T 2 25.640 FM 0.6995 309.13483 7.36520 12.2586
T [t —m——T o g T 3 30.192 MM 0.7598 969.69489 21.27077 38.4529
30 40 50 60 4 38.027 MM 0.8633 950.54156 18.35089 37.6934

Figure S84. HPLC trace report of a racemic sample of Z-4aaa : E-4aaa : Z-4aaa’ : E-4aaa’ (9:15:2: 1;
Hexane : iPrOH = 97:3), Chiralpak IA-3.

,@‘,% l oS
CD e'b Peak RetTime Type Width Area Height Area
< ‘- 'b‘ # [min] [min] [mAU*s ) [mAU] %
& —--l- |- -I- - e |
gvs 1 24.608 MP 0.6587 805.72717 20.38813 18.9613

2 '25.620 FM 0.7137 1454.39209 33.96206 34.2265
T I LI T T 3 30.190 MM 0.7738 1733.64050 37.33979 40.7981
4 38.047 MM 0.8713 255.56165 4.88847 6.0142

Z-4aaa’ (Peak 3 and 5): 74% ee

Figure S$85. HPLC trace report of a Z-4aaa : E-4aaa : Z-4aaa’ : E-4aaa’ (9 : 1 5:2:1) with (S,R,R)-Au2
(Hexane : iPrOH = 97:3), Table 3 main manuscript, entry 12.
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Analysis of the diastereomeric excess of the putative formal intermediate of type lli
(exemplified for the model reaction of 1b, 2a and 3a)

==\ 0
N-\// o
{06 _ NJ(O

4 NA
R

[Au] / AgX (x mol% 7,
. [Aul/AgX (xmol%) - e e : + Me -y
J X P o
M Ph H Ph
© (6S,2S)-4baa (6S, 2R)-4baa’ (6R,2R)-4baa (6R,2S)-4baa’
2a 3a major enantiomers minor enantiomers

[Au]  (6S,2S)-4baa : (6S,2R)-4baa’ [Au]  (6R2R)-4baa : (6R,2S)-4baa’

(R)-Au5 13.8:1 (R)-Au5 15:1

(R.S,S)-Au2 19:1 (R.S,S)-Au2 32:1

A
<X
Ph

o
= NJ(O u
— — Au
Me - AU K/ Me w L*
oh L* Ph\bs O Ph76r°O
I 6R-lI
[Au] 6S-l : 6R-lll ratio

(R)-Au5 90.3:9.7 (81% de)
(RS,S)-Au2 86.9:13.1 (74% de)

Case 1: Table 1 main manuscript, entry 10, reaction carried out by (R)-Au5/AgNTf2 at —70 °C

90 (2,6-cis) —[ 84.2 (65,2S) & 5.8 (6R,2R) ] N ><J Meﬂ(})@i
87% ee h‘ 2“Ph  Ph” e 072 Ph
(R)-Au5 / AgNTf2
Experimental results (er=93.5:6.5)
(table 1, entry 10, -702C):|_]
Global dr = 9:1 6.1 (6R,25) & 3.9 (65,2R) Option 1 |
2,6-cis: 87% ee or
’ 10 (2,6- Me, /h
2,6-trans: 22% ee ( 22% ee . Ph y d “Ph Ph\\ )@:Ph
L (er=61:39) [6.1 (6S,2R) & 3.9 (6R,2S) Option 2
i -\I
84.2 (6S,2S _ . Major enantiomers of 84.2 (6S,2S _ . Major enantiomers
3.9 (éS ZR))}dr_ 22:1 both 2,6-cis and 2,6- 6.1 (éS ZR)) dr=13.8:1 of both isomers (i.e :
| . . : ’ trans isomers are of . . ’ 6R,2R and 6R,2S) :
| Option 1: opposite configuration Option 2 with  the same :
‘ 5.8 (6R,2R) dr=1:1 @ C6=>XDoesNOT fit 5.8 (6R,2R) dre=15.1 Configuration at C6 I
6.1 (6R,2S) T with X-Ray data 3.9 (6R,2S) T => Fits with X-Ray :
| data. 1
| deint. Il =88.1 (6S) - 11.9 (6R) = 76.2% de tdeint. Il =90.3 (6S) - 9.7 (6R) = 80.6% de de ]

Case 2: Table 1 main manuscript, entry 2, reaction carried out by (R,S,S)-Au2/AgNTf2 at —78 °C

67 (2,6-cis) [ 57.0 (6S,2S) & 10.0 (6R,2R) ] 99 Me%) (ﬂ:
(R,S,S)-Au2 / AgNTf, 70% ee Ph‘ 2"ph 072 Ph
Experimental results (er =85:15)
(table 1, entry 2, -782C): |_|
Global dr = 2:1 29.9 (6R,25) & 3.1 (65,2R) Option 1|
2,6-cis: 70% ee 33(2,6- or Me (S)( Meﬁ) P
2,6-trans: 81% ee o PR 6072 Ph Ph
81% ee N,
L (er = 90.5: 9_5)[29.9 (65,2R) & 3.1 (6R,2S) Option z]

[
57.0 (6S,2S _ ) Major enantiomers of 1| _ . Major enantiomers !
3.1 ((65 2R)1dr— 18:1 poth 2,6-cis and 2,6- : 57:0(65,25) }dr— 191 of poth isomers (i.e :
. . : ’ trans isomers are of | . 29.9 (6S,2R) 6R,2R and 65,2R) :
Option 1: opposite configuration 1 Option 2 with  the same |
10.0 (6R,2R) —1. at C6 => X Does NOT fit : 10.0 (6R,2R) , _ . configuration at C6 I
dr=1:3 i dr=3.2:1 I
29.9 (6R,25) with X-Ray data ! 3.1 (6R,25) => Fits with X-Ray |
! data. !
1 .
de int. 1l = 60.1 (6S) / 39.9 (6R) = 20.2% de 1deint. Il =86.9 (6S) / 13.1 (6R) =73.8% J



Effect of the number of equivalents of aldehyde on the selectivity of the process

. o (SRR)-Au2/ AGNTF, _ //( _ //(
—\N\(o . J\ L (5 mol%) _ vy o N\\/o . Moy ) N\\/o
QO Me~ “"Ph H”™ "Ph CH,Cly, 4A MS, -78 °C PR YNO7 R Ph™ SO0 YR
1b 2a 3a 4baa (2,6-cis) 4baa’ (2,6-trans)
equiv. equiv. ) ee, ee
Catalyst (X mol%) Conv. yield 4baa : 4baa’
2a 3a 4baa 4baa’
2 10 (S,R,R)-Au2 (5) 100% 97% 2:1 70% 81%
2 5 (S,R,R)-Au2 (5) 100% 90% 1.7 :1 66% 79%
1.2 2 (S,R,R)-Au2 (5) 100% 87% 1.5:1 59% 75%
2 10 (S)-Aub (10) 100% 80% 9:1 87% 22%
2 5 (S)-Aub (10) 100% 79% 7:1 83% 21%
1.2 2 (S)-Aub (10) 100% 78% 7:1 82% 11%
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NMR Spectra
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9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.
1 (ppm)

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
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)
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Q //// J/

sy

1.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)
T A L l [ M
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
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

e



0}
A

(o]

M

0 Z>N" o
— “ﬁﬁ"/@?“f/// f I /

/1]
Ph” O /] / /]
4bag 4bag’
16 : 1 mixture of 4bag : 4bag’
Y | I Lo .
T T T T T T T T T T T T T T T T T T T T T 1
1.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.
1 (ppm)

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
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1

1 (ppm)
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o) o)
" Z N\i]\/o M/(j/\NJ\7
el,. e/,‘
Ph” >0 Ph” >0 '”r/\—7/ / /

4bag

4bag’

1 : 4 mixture of 4bag : 4bag’

1.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0
1 (ppm)
V y v | y ‘
| o l N l L 1 IL h A | “ lA A
[ 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
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1

1 (ppm)
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4bah’

2 : 1 mixture of 4bah : 4bah’

i

/..

I/// ///// / j/

S,

Ll M o e

T
6.0 55 5.0 4.5 4.0 3.5

1.0 9.5 9.0 8.5 8.0 7.5 3.0 25 2.0 1.5 1.0 0.
f1 (ppm)
. . . —— TR W .J M . . A . 1 A]hl ”'w
[ 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
10 200 190 180 170 160 150 120 110 100 90 80 70 60 50 40 30 20 10 -1

1 (ppm)
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Me@_/\ NL/O

P TO7
I

IV A // /I/ ///// j[

4bah 4bah’
4:1 mixture of 4bah:4bah’

i | VP

M M‘. MM M MM A

1.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55

T T T T T T T T T T T T
5.0 45 4.0 35 3.0 25 2.0 1.5
1 (ppm)

f T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)
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/NJOLO
“;;:'Iof(%// o

h

4bai 4bai’

6 : 1 mixture of 4bai : 4bai’

| 1

J/

s/

TN

1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 25 2.0 1.5 1.0 0.
f1 (ppm)
)\ J Lll \ 1 l [ A A
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 ]
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -1

1 (ppm)
S61



Me,,

Ph” >0 (

/s

1l

+

r

T T T
10 200 190

T T
140 130

T T T T T

80 70 60




Me,. —/ S S

4baj

M e b aw

v

1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

. 25 2.0 1.5 1.0 0.5 0.
1 (ppm)
| | e - | T Lol
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1

1 (ppm)
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we,[_ TP / /[
e/

; oy, u / VA v _/ S e

Ph” >0 @

4baj’
e o LA e MO
I T T T T T T T T T T T T T T T T T T T T T T T 1
0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 35 3.0 25 2.0 15 1.0 05 0.
1 (ppm)

e l A

f T T T T T T

T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80

1 (ppm)
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60 50 40 30 20 10 0 -1



’

Ph

o)

N

2\
‘e, —/
O~ "Ph

4bba

1 : 1 mixture of 4bba : 4bba’

O

(0]

=~ "N" "0
L0y
Ph” ~0” “Ph -

4bba’

—_— — —— — —

1.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5
1 (ppm)
| : [T
i ﬂ
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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o) 0
LOCG LoD
Ph” 0" Ph Ph” 0" “Ph /,

4bca 4bca’

"o / oo S s ////// /]]

1.1 : 1 mixture of 4bca : 4bca’

CH:Cl,*

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 T T T T T T T T T T T
.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0
f1 (ppm)

| | g

el Jl i e

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 “ 200 ) 90 80 70 60 50 40 30 20 10
ppm
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= N/TS = N/TS
Me,, IIDh Me,, 15h
Ph” ~O” “Ph Ph” SO~ “Ph Vv
- Va -~ s

s - — / —_— [ s
Z-4aaa Z-4aaa’
2.5 : 1 mixture of Z-4aaa : Z-4aaa’
(+ small portion of E-4aaa)

I T T T T T T T T T T T T T T T T T T T T 1
).0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
1 (ppm)

L o]
f , ¥ }
L ] h 1 l ) l
I 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
10 200 190 180 170 160 150 140 130 120 110 “ 200 ) 90 80 70 60 50 40 30 20 10 0 -1
ppm
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h

- .Ph Tso. .

Ts N S N P
= N/Ts Z N/Ts Pz =

Me.,,. IIDh Me,, IIDh )/Ie,,, Me,,

Ph” ~O” “Ph Ph” 0O~ “Ph P Q” YPh . Ph”, 0" “Ph.

Z-4aaa Z-4aaa’ E-4aaa E-4aaa’

s |- - _,/f//__/__///,,

6 :1:5:1 mixture of Z-4aaa : Z-4aaa’ : E-4aaa : E-4aaa’

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.

ml

| )

L L I N Lo LI

I 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
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)
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Ph o~y /(
O . T1-Napht
“1-Napht

(RS,S)-L3

S SS S _— /

L UMJMM A n J

.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0

1.0 9.5 9.0 8.5 8
1 (ppm)
o
e}
O
3
r-r—r—7'7 " 17 "~"T"7" 7T —7T—7 7 7" —71 " 11" ~71T 1 71T 71T "“~“1T " “~“7* "1 " “"17T " “~“"7T "“~“"7 /" “"“"717T " “~“"71T " "“"“"717 "7 "7 "7 ™7 "™ 17T ™7 ™7 ™ T ™71 ™7
200 180 160 140 120 100 80 60 40 o 2)0 0 -20 -40 -60 -80 -100 -120 -140 A
ppm
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Sy
Sep

Ph o]
=P

Ph O/ \N /L
O ) teNapht
O “1-Napht

(R.S,S)-Au3
i / (1 s

i) ) J 1 I 1

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 -0
1 (ppm)
(o]
N~
N~
q
r—r——r 7T 7 —rrTr7TrTr——rT7r——Tr—TrTr——r——7rrTr——TrTrrr~—Trr—rr—Tr—rTrrrrrrrrrrTrrrrrrr T TT1T T 1T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -1
1 (ppm)
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_PR =
P“O;ID o ool S s Vs Vs

A AN

1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25

2.0 15 1.0 0.5 0.0
1 (ppm)
()]
ed
©
v y fumvivsta A ! IOV TV D Vs wl
r-rm—rm——nrr—r T —r—Trr—rr—r——r—Trr—rT T Trr—TrTr—T"r—Trrr—rr—TrrrrrrrrrrTrrTTr T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 1
1 (ppm)
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>pf
PhoD ,/,//////// /1
Ph

(R,S,S)-Aud

I

1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

T T T
5.0 4.5

5.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 -0
1 (ppm)
N
™
2
r——r———r 171717 TTr—TrrT—T1rrT—T17T T 1T 1 T T1r T T T T T1T T T T T T T 7T T LN DL LA LA DL L L L I I L AL R LA L |
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 T
1 (ppm)
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Ph

Ph

o/

FI
Au

07

{

ol

/

///II

/I

/]

(R)-Au8
T T T T T T T T T T T T T T T T T T T T 1
1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0
1 (ppm)
2
3
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 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
200 180 160 140 120 100 80 60 40 o 2)0 0 -20 -40 -60 -80 -100 -120 -140 -1
ppm
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H NMR (300 MHz, CDCl3) of 8b:

Cl

Ph
Ph

T T T T T T T T
76 75 74 73 7271 70 69

LA

0 B:S 8:0 7:5 7:0 6:5 6:0 5:5 5:0 4:5 4:0 3:5 3.‘0 Z:S 2:0

13C NMR (125 MHz, CDCls) of 8b:

L e

1“14 1“%3 1“%2 1“11 1“10 159 158 157 156 155 154 lé3 152 lél 150 159 158 li7 156 155 li4 li3
ppm
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H NMR (500 MHz, CDCl3) of 9b:

|

T T T T T T T T T T T T T
8.5 8.0 75 70 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25

13C NMR (125 MHz, CDCl3) of 9b:
o. O
B
o
Ph
H‘ ‘ \ ]uL L N

1%0 1“%5 1“10 1?‘15 1&0 155 150 liS 110 I(I]S 160 9‘5 9‘0 8‘5 8‘0 7‘5 7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0 Z|5 ZIO 1‘5 1‘0
ppm
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H NMR (500 MHz, CDCl3) of 10b:

13C NMR (125 MHz, CDCls) of 10b:

i | L

éO 155 150 1%5 léD 1&5 léﬂ 1“15 1“10 13‘5 13‘0 12‘5 150 1i5 li[] 1(|)5 1(|)0 9‘5 9‘0 8‘5 8‘0 7‘5 7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0
ppm
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H NMR (500 MHz, CDCl3) of 11a:

cl:oofBu

t
| N N\N/COO Bu
N H

T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0

T
2.5

T
2.0

ppm-
13C NMR (125 MHz, CDCls) of 11a:
(l:OOtBu
t
| XN N. N/COO Bu
_N H
o
I70 165 léﬂ 1%5 15'0 1"‘5 1"‘0 1:'55 léﬂ 155 1%0 1{5 1{0 165 1(')0 9'5 9'0 BI5 8'0 7'5 7'0 6'5 6'0 5'5 5'0 4'5 4'0 3'5 3'0

ppm
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H NMR (500 MHz, CDCl3) of 11b:

o

C|IOOtBu

t
~ N.,,-CO0Bu
_n M

od
Ph

9:5 9:0 815 8:0 755 7:0 6:5 6!0 5:5
ppm

13C NMR (125 MHz, CDCls) of 11b:

. Il J lduh«} N

T
5.0

T
45

l

/

-

T
4.0

QOOtBu

t
| N N\N/COOBU
_n M
®od
Ph

L | 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 T T T T T 1
175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 9% 90 8 8O 75 70 65 60 55 50 45 40 35 30 2
ppm
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H NMR (500 MHz, CDCl3) of 12a:

T T T T T T T T T T T T T T T T T
1.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15 1.0

13C NMR (125 MHz, CDCls) of 12a:

il | L |

r 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
50 155 150 145 140 135 130 125 120 115 110 105 100 %5 90 85 80 75 70 65 60 55 50 45 40 35 30
ppm

S79



H NMR (500 MHz, CDCl3) of 12b:

=N
N
N7

o

Ph
9.‘0 8:5 8:0 7:5 7:0 6:5 6:0 5:5 5:0 4:5 4:0 3.‘5 3:0 Z:S
ppm
13C NMR (125 MHz, CDCl3) of 12b:

N =N,

N

N7

o® ’

Ph

L AL “l l

1(‘50 1§5 1&0 1“‘5 1“‘0 13‘5 L';O 155 liO 115 liO 165 1(‘]0 9‘5 9|0 pp?;? 8‘0 7‘5 7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0 Z|5 ZIO 1‘5 lll
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H NMR (500 MHz, CDCl3) of (R)-13a:

JLJ BN

T T T T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15 1.0

13C NMR (125 MHz, CDCls) of (R)-13a:

L] J‘L“M‘l ‘ A l |

160 1%5 15‘50 1“15 1“10 1?‘:5 13‘0 155 150 liS liﬂ 1(|)5 160 9‘5 9‘0 8‘5 8‘0 7‘5 7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0 2‘5
ppm
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H NMR (500 MHz, CDCl3) of (+)-13b:

12‘.0 11‘.5 11‘.0 10‘.5 10‘.0 9:5 9:0 8:5 8:0 7!5 7:0 6:5 6:0 5:5 5:0 4:5 4:0 3:5 3:0 2:5 2:0
ppm

13C NMR (125 MHz, CDCl3) of (+)-13b:

conddi | 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 T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 9% 90 85 80 75 70 65 60 55 50 45 40 35 30 25
m
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H NMR (500 MHz, CDCl3) of (R)-Aus:

N =N,
O N-Ad
~ N
'Bu Au
oo
Cl
) M i
8:5 810 7:5 710 6:5 610 515 510 415 4:[] 315 3:0 215 2:0 115 1:0
ppm
13C NMR (125 MHz, CDCls) of (R)-Au6:
coonlll L
1}0 léO lé[) 1“10 1:‘50 150 1{0 l(g?]m 9‘0 8‘0 7‘0 6‘0 5‘0 4‘0 3‘0 2‘0
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H NMR (500 MHz, CDCls) of (+)-AuT:

Ph Au
\
Cl

T T T T T T T T T T T T T T
8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 40 35 30 25 20

13C NMR (125 MHz, CDCl3) of (+)-AuT:

Ph Au
\
Cl

o nhhh.l | | 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 T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
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