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Materials and Methods

Unless otherwise stated, reactions were performed in flame-dried glassware under an argon
or nitrogen atmosphere using dry, deoxygenated solvents. Solvents were dried by passage
through an activated alumina column under argon. Chemicals were purchased from Sigma
Aldrich/Strem/Alfa  Aesar/Oakwood Chemicals and used as received. Reaction
temperatures were controlled by an IKAmag temperature modulator. Glove box
manipulations were performed under a nitrogen atmosphere. Thin-layer chromatography
(TLC) and preparatory TLC was performed using E. Merck silica gel 60 F254 precoated
plates (0.25 mm) and visualized by UV fluorescence quenching, KMnO., or p-
anisaldehyde staining. SiliaF/ash P60 Academic Silica gel (particle size 0.040—0.063 mm)
was used for flash chromatography. Analytical chiral HPLC was performed with an Agilent
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1100 Series HPLC utilizing a Chiralpak OJ column (4.6 mm x 25 cm) or a Chiralpak AD-
H column (4.6 mm x 25 c¢m), both obtained from Daicel Chemical Industries, Ltd. with
visualization at 210 nm. Analytical SFC was performed with a Mettler SFC supercritical
CO; analytical chromatography system utilizing a Chiralpak OJ-H column (4.6 mm x 25
cm) obtained from Daicel Chemical Industries, Ltd. with visualization at 210 nm. 'H NMR
spectra were recorded on a Bruker Avance HD 400 MHz spectrometer and are reported
relative to residual CHCl; (8 7.26 ppm). °C NMR spectra were recorded on a Bruker
Avance HD 400 MHz spectrometer and are reported relative to residual CDCl; (8 77.16
ppm). Data for "H NMR are reported as follows: s = singlet, d = doublet, t = triplet, q =
quartet, p = pentet, sept = septuplet, m = multiplet, br s = broad singlet. Data for °C NMR
are reported in terms of chemical shifts (6 ppm). Some reported spectra include minor
solvent impurities of water (6 1.56 ppm), ethyl acetate (5 4.12, 2.05, 1.26 ppm), methylene
chloride (& 5.30 ppm), acetone (& 2.17 ppm), grease (6 1.26, 0.86 ppm), and/or silicon
grease (6 0.07 ppm), which do not impact product assignments. IR spectra were obtained
using a Perkin Elmer Paragon 1000 spectrometer using thin films deposited on NaCl plates
and reported in frequency of absorption (cm™). High resolution mass spectra (HRMS) were
obtained from the Caltech Mass Spectral Facility using a JEOL JMS-600H High
Resolution Mass Spectrometer in fast atom bombardment (FAB+) or electron ionization
(EI+) mode, or an Agilent 6200 Series TOF with an Agilent G1978 A Multimode source in
electrospray ionization (ESI+), atmospheric pressure chemical ionization (APCI+), or
mixed ionization mode (MM: ESI-APCI+). Optical rotations were measured with a Jasco
P-2000 polarimeter operating on the sodium D-line (589 nm), using a 100 mm pathlength
cell and are reported as: [o]p" (concentration in g/100 mL, solvent).

Key Considerations: All synthesized reagents (i.e., (S,)-L, 1, 2, 4, and 6) were dried over
P,0s and drierite in a vacuum desiccator under vacuum overnight before use in the iridium-
catalyzed allylic alkylation reaction. THF was taken directly from an activated alumina
column under argon and used immediately to eliminate the possibility of peroxides.
Mesitylene or 1,2,4,5-tetrachloro-3-nitrobenzene were used as the internal standard for
determining '"H NMR vyields. Prolonged storage of electrophiles 2 and 6 at room
temperature under an air atmosphere results in the formation of an unidentified impurity;
storage in a —30 °C freezer allows for prolonged storage.

List of Abbreviations: ee — enantiomeric excess, HPLC — high-performance liquid
chromatography, SFC — super critical fluid chromatography, TLC - thin-layer
chromatography, EtOAc — ethyl acetate, Et,O — diethyl ether, THF — tetrahydrofuran,
MeOH - methanol, TBD - 1,5,7-triazabicyclo[4.4.0]dec-5-ene, cod — cis,cis-1,5-
cyclooctadiene, DIBAL —  diisobutylaluminium  hydride, dppp - 1,3-
bis(diphenylphosphino)propane, DABCO — 1,4-diazabicyclo[2.2.2]octane

Preparation of Known Compounds: Previously reported methods were used to prepare

ligand (S.)-L' as well as starting materials 1%,2°, 4a*, 4b?, 4¢°, 4d°, 4e’, 4f, 4g8, 4h°, 6a',
6d'', 6e', 6g'', 6h'", 6i'°, 6j'°, 6k'*, and 61'"°.
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Representative Procedure for the Synthesis of Electrophiles:

O)\/\ OCO;Me
MeO

(E)-3-(4-Methoxyphenyl)but-2-en-1-yl methyl carbonate (6b). To a solution of methyl
(E)-3-(4-methoxyphenyl)but-2-enoate'” (0.21 g, 1.0 mmol, 1 equiv) in THF (6.0 mL) at —
78 °C was added DIBAL (0.62 mL, 3.0 mmol, 3.5 equiv) dropwise. The resulting reaction
mixture was stirred at —78 °C for 2.5 h, whereupon the reaction was quenched with a
saturated aqueous Rochelle’s salt solution (10 mL). The cooling bath was then removed
and the reaction was stirred for 18 h at ambient temperature. The aqueous layer was
extracted with CH,Cl, (3 x 20 mL) and the combined organic layers were washed with
brine (20 mL), dried over Na,SOj, and concentrated under reduced pressure.

The crude material was dissolved in CH,Cl, (4.0 mL) and cooled to 0 °C. Pyridine (0.64
mL, 8.3 mmol, 8.3 equiv) was added followed by methyl chloroformate (0.20 mL, 2.3
mmol, 2.3 equiv) dropwise. The resulting solution was allowed to warm to ambient
temperature and was stirred for 18 h. The reaction was quenched with the addition of 1 M
HCI (5 mL) and the aqueous layer was extracted with CH,Cl, (3 x 20 mL). The combined
organic layers were washed with brine (20 mL), dried over Na,SO4, and concentrated under
reduced pressure. The crude product was purified by silica gel flash column
chromatography (5% EtOAc/hexanes) to give carbonate 6b as a colorless solid (0.13 g,
53% yield): '"H NMR (400 MHz, CDCl3) § 7.35 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz,
2H), 5.92 — 5.82 (m, 1H), 4.84 (dd, J = 7.2, 0.8 Hz, 2H), 3.81 (s, 3H), 3.80 (s, 3H), 2.16 —
2.05 (m, 3H); >C NMR (101 MHz, CDCl;) & 159.4, 156.0, 140.7, 134.9, 127.1, 119.1,
113.8, 65.2, 55.4, 54.9, 16.4; IR (Neat Film, NaCl) 2958, 2832, 1753, 1740, 1440, 1381,
1336, 1249, 1028, 942, 819, 798 cm™; HRMS (FAB+) m/z calc’d for C;3H;403 [M]™:
236.1049, found 236.1053.

Spectroscopic Data for the Synthesis of Electrophiles

/©)\/\ OCO;Me
Ph

(E)-3-([1,1'-Biphenyl]-4-yl)but-2-en-1-yl methyl carbonate (6¢). Carbonate 6¢ was
prepared from methyl (E)-3-([1,1'-biphenyl]-4-yl)but-2-enoate'* according to the
representative procedure and isolated by silica gel flash column chromatography (5%
EtOAc/hexanes) as a colorless oil (0.17 g, 52% yield): '"H NMR (400 MHz, CDCl;) & 7.58
(d, J=19.6 Hz, 4H), 7.51 — 7.41 (m, 4H), 7.35 (t, J = 7.3 Hz, 1H), 6.00 (td, /= 7.0, 1.4
Hz, 1H), 4.88 (dq, J = 7.0, 0.8 Hz, 2H), 3.81 (s, 3H), 2.17 (dt, J = 1.3, 0.7 Hz, 3H); °C
NMR (101 MHz, CDCl;) 6 156.0, 141.4, 140.7, 140.7, 140.6, 128.9, 127.5, 127.1, 126 .4,
120.8, 65.1, 55.0, 16.4; IR (Neat Film, NaCl) 3032, 2968, 1750, 1740, 1441, 1408, 1340,
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1245, 992, 943, 827, 794, 759, 689 cm™; HRMS (FAB+) m/z calc’d for CigH 303 [M]™:
282.1256, found 282.1253.

0CO,Me

Cl

(E)-3-(3-Chlorophenyl)but-2-en-1-yl methyl carbonate (6f). Carbonate 6f was prepared
from methyl (E)-3-(3-chlorophenyl)but-2-enoate'” according to the representative
procedure and isolated by silica gel flash column chromatography (10% EtOAc/hexanes)
as a colorless oil (0.43 g, 88% yield): '"H NMR (400 MHz, CDCls) & 7.38 (q, J = 1.5 Hz,
1H), 7.30 — 7.22 (m, 3H), 5.92 (ddt, J = 6.9, 5.6, 1.4 Hz, 1H), 4.84 (dq, J = 7.0, 0.8 Hz,
2H), 3.81 (s, 3H), 2.10 (dt, J = 1.4, 0.7 Hz, 3H); °C NMR (101 MHz, CDCl;) & 155.9,
144.4, 139.8, 134.4, 129.7, 127.8, 126.3, 124.2, 122.0, 64.9, 55.0, 16.4; IR (Neat Film,
NaCl) 2957, 1748, 1594, 1564, 1443, 1377, 1333, 1268, 1172, 1102, 997, 948, 906, 884,
782, 691 cm™; HRMS (FAB+) m/z calc’d for C;,H3ClO; [M]™: 240.0553, found
240.0564.

General Procedure for Optimization of the Ir-Catalyzed Allylic Alkylation (Table 1)

NC
NC 1 X

Ph

(5)-2-Methyl-2-(2-phenylbut-3-en-2-yl)malononitrile (3). In a nitrogen-filled glove box,
to a 1 dram vial (vial A) equipped with a stir bar was added [Ir(cod)Cl], (1.3 mg, 0.0020
mmol, 2 mol %), ligand (S,)-L (2.0 mg, 0.004 mmol, 4 mol %), TBD (1.4 mg, 0.010 mmol,
10 mol %), and THF (0.5 mL). Vial A was stirred at 25 °C (ca. 10 min) while another 1
dram vial (vial B) was charged with nucleophile 1 (0.10 mmol or 0.20 mmol, as specified),
THF (0.5 mL), and the base additive (0 or 200 mol %). The pre-formed catalyst solution
(vial A) was then transferred to vial B followed immediately by carbonate 2 (0.20 mmol,
0.10 mmol, or 0.20 mmol, as specified). The vial was sealed and stirred at 60 °C. After 18
h, the vial was removed from the glove box concentrated under reduced pressure. To the
crude reaction mixture was added 1,2,4,5-tetrachloro-3-nitrobenzene (0.10 mmol in 0.5 mL
CDCIl3). The NMR yield (measured in reference to 1,2,4,5-tetrachloro-3-nitrobenzene o
7.74 ppm (s, 1H)) was determined by '"H NMR analysis of the crude mixture. The residue
was purified by preparatory TLC (15% Et,O/hexanes, eluted twice) to afford allylic
alkylation product 3 as a pale yellow oil.

General Procedure for the Ir-Catalyzed Allylic Alkylation

Please note that the absolute configuration was determined only for compound 7¢ via X-
ray crystallographic analysis. The absolute configuration for all other products has been
inferred by analogy. For respective HPLC and SFC conditions, please refer to Table S1.
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NC
NC o X

Ph

(5)-2-Methyl-2-(2-phenylbut-3-en-2-yl)malononitrile (3). In a nitrogen-filled glove box,
to a 1 dram vial (vial A) equipped with a stir bar was added [Ir(cod)Cl], (2.7 mg, 0.0040
mmol, 2 mol %), ligand (S,)-L (4.0 mg, 0.008 mmol, 4 mol %), TBD (2.8 mg, 0.020 mmol,
10 mol %), and THF (1 mL). Vial A was stirred at 25 °C (ca. 10 min) while another 1 dram
vial (vial B) was charged with nucleophile 1 (18 mg, 0.20 mmol, 100 mol %), THF (1 mL),
DABCO (45 mg, 0.40 mmol, 200 mol %), and BEt; (400 uL, IM in hexanes). The pre-
formed catalyst solution (vial A) was then transferred to vial B followed immediately by
carbonate 2 (83 mg, 0.40 mmol, 200 mol %). The vial was sealed and stirred at 60 °C. After
18 h, the vial was removed from the glove box, transferred to a 20 mL vial with CH,Cl,,
and concentrated under reduced pressure. The crude residue was purified by preparatory
TLC (15% Et;O/hexanes, eluted twice) to afford allylic alkylation product 3 as a pale
yellow oil (37 mg, 89% yield): 95% ee; [a]p™ +32.9 (¢ 1.9, CHCl3); 'H NMR (400 MHz,
CDCl3) 6 7.61 — 7.52 (m, 2H), 7.44 — 7.33 (m, 3H), 6.49 (dd, /= 17.3, 11.0 Hz, 1H), 5.63
—5.31 (m, 2H), 1.80 (s, 3H), 1.66 (s, 3H); °C NMR (101 MHz, CDCl3) & 139.2, 138.3,
128.7,128.6,128.1,119.0, 116.1, 116.0, 49.4, 41.9, 21.8, 21.5; IR (Neat Film, NaCl) 3095,
3062, 2992, 2951, 2247, 1749, 1639, 1600, 1496, 1447, 1417, 1386, 1270, 1217, 1165,
1102, 1074, 1031, 1003, 937, 802, 751, cm™'; HRMS (ESI+) m/z calc’d for C14H 4N, [M] ™
210.1157, found 210.1156; SFC conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H
column, A =210 nm, tg (min): major = 3.832, minor = 4.594.

Spectroscopic Data for the Ir-Catalyzed Allylic Alkylation Products

Et

NC
chY\

PH' *

(5)-2-Ethyl-2-(2-phenylbut-3-en-2-yl)malononitrile (5a). Allylic alkylation product Sa
was prepared according to the general procedure and isolated by preparatory TLC (100%
toluene, eluted twice) to give a pale yellow oil (34 mg, 76% yield): 95% ee; [a]p> +19.0
(c 0.87, CHCl3); 'H NMR (400 MHz, CDCl3) & 7.63 — 7.51 (m, 2H), 7.45 —7.31 (m, 3H),
6.51(dd, J=17.3,11.0 Hz, 1H), 5.52 (d, J=11.0 Hz, 1H), 5.40 (d, /= 17.3 Hz, 1H), 1.90
— 1.72 (m, 5H), 1.27 (t, J = 7.3 Hz, 3H); °C NMR (101 MHz, CDCl;) & 139.6, 138.7,
128.6, 128.5,128.2,118.7,115.2, 115.1,49.9,49.7,27.7,22.0, 10.7; IR (Neat Film, NaCl)
3094, 3061, 2959, 2931, 2874, 2244, 1730, 1640, 1600, 1496, 1461, 1446, 1416, 1382,
1271, 1175, 1074, 1031, 1002, 937, 793, 750, 701 cm™'; HRMS (ESI+) m/z calc’d for
CisH7N, [M+H]": 225.1392, found 225.1395; SFC conditions: 3% IPA, 2.5 mL/min,
Chiralpak OJ-H column, A = 210 nm, tg (min): major = 3.378, minor = 4.088.
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Bn

NC
NC%A

PH *

(5)-2-Benzyl-2-(2-phenylbut-3-en-2-yl)malononitrile (5b). Allylic alkylation product 5b
was prepared according to the general procedure and isolated by preparatory TLC (15%
Et,0/hexanes, eluted twice) to give a pale yellow oil (39 mg, 69% yield): 93% ee; [o]p™>
+11.0 (¢ 1.0, CHCIL;); '"H NMR (400 MHz, CDCl;) & 7.68 — 7.62 (m, 2H), 7.51 — 7.29 (m,
8H), 6.64 (dd, J=17.3, 11.0 Hz, 1H), 5.60 (d, /= 11.0 Hz, 1H), 5.47 (d, /= 17.2 Hz, 1H),
3.07 — 2.90 (m, 2H), 1.93 (s, 3H); °C NMR (101 MHz, CDCl;) & 139.4, 138.5, 132.6,
130.5, 128.9, 128.7, 128.7, 128.6, 128.3, 119.1, 114.9, 114.7, 50.6, 50.3, 39.6, 22.1; IR
(Neat Film, NaCl) 3092, 3063, 3034, 2990, 2927, 2245, 1957, 1884, 1810, 1748, 1602,
1498, 1456, 1446, 1416, 1383, 1270, 1212, 1159, 1110, 1080, 1032, 1004, 938, 766, 749
cm’'; HRMS (FAB+) m/z calc’d for CooHoN, [M+H]™: 287.1548, found 287.1553; SFC
conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H column, A = 210 nm, tg (min): major =
10.960, minor = 11.727.

Ph

Nc>k/ﬁ/ Ph

(E)-2-Phenyl-2-(3-phenylbut-2-en-1-yl)malononitrile (SI-1). Linear allylic alkylation
product SI-1 was prepared according to the general procedure in 99% conversion by 'H
NMR yield but was inseparable from unreacted electrophile 2. SI-1 was prepared via an
alternate route for verification and characterization. In a nitrogen-filled glove box, to a 1
dram vial equipped with a stir bar was added Pd(PPhs)s (11 mg, 0.01 mmol, 0.1 mol %),
nucleophile 4¢ (21 mg, 0.15 mmol, 1.5 equiv), electrophile 2 (21 mg, 0.10 mmol, 1.0
equiv), and THF (1 mL). The reaction was stirred for 18 h whereupon the vial was removed
from the glove box, transferred to a 20 mL vial with CH,Cl,, and concentrated under
reduced pressure. The crude residue was purified by preparatory TLC (20% Et,O/hexanes,
eluted twice) to afford SI-1 as a colorless crystalline solid (23 mg, 43% yield): '"H NMR
(400 MHz, CDCls) 6 7.67 — 7.28 (m, 10H), 5.75 (td, J= 7.8, 1.5 Hz, 1H), 3.23 — 3.01 (m,
2H), 1.95 (d, J= 1.4 Hz, 3H); °C NMR (101 MHz, CDCls)  143.8, 142.6, 131.7, 130.1,
129.8, 128.5, 128.0, 126.1, 126.1, 117.2, 115.0, 42.5, 42.0, 16.6; IR (Neat Film, NaCl)
3062, 3032, 2983, 2930, 2246, 1599, 1494, 1451, 1383, 1277, 1027, 861, 756, 692 cm’';
HRMS (FAB+) m/z calc’d for CjoH 7N, [M+H]": 273.1292, found 273.1387.

(5)-2-(2-methylallyl)-2-(2-phenylbut-3-en-2-yl)malononitrile (5d). Allylic alkylation
product 5d was prepared according to the general procedure and isolated by preparatory
TLC (100% toluene, eluted twice) to give a pale yellow oil (17 mg, 33% yield): 92% ee;
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[a]p> +26.0 (¢ 0.94, CHCls); '"H NMR (400 MHz, CDCL;) & 7.61 — 7.56 (m, 2H), 7.45 —
7.32 (m, 3H), 6.54 (dd, /=17.3, 11.0 Hz, 1H), 5.55 (d,J=11.0 Hz, 1H), 5.41 (d,J=17.3
Hz, 1H), 5.11 (t,J = 1.4 Hz, 1H), 5.01 (p, /= 1.0 Hz, 1H), 2.50 — 2.35 (m, 2H), 1.91 (dd,
J= 1.6, 0.8 Hz, 3H), 1.84 (s, 3H); °C NMR (101 MHz, CDCl3) § 139.4, 138.5, 137.9,
128.7,128.6,128.3,119.1, 118.7, 115.4, 115.2, 50.4, 47.6, 41.5, 23.2, 22.0; IR (Neat Film,
NaCl) 3085, 2988, 2242, 1747, 1650, 1496, 1445, 1416, 1381, 1264, 1072, 1004, 910, 792,
750, 698 cm’; HRMS (FAB+) m/z calc’d for C7HoN, [M+H]": 251.1548, found
251.1539; SFC conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H column, A =210 nm, tg
(min): major = 3.138, minor = 3.923.

(5)-2-(3-Methylbut-2-en-1-yl)-2-(2-phenylbut-3-en-2-yl)malononitrile (5e). Allylic
alkylation product Se was prepared according to the general procedure and isolated by
preparatory TLC (5% Et,O/hexanes, eluted twice) to give a colorless oil (49 mg, 92%
yield): 96% ee; [a]p> +7.87 (¢ 6.3, CHCls); 'H NMR (400 MHz, CDCl3) § 7.61 — 7.56 (m,
2H), 7.47 —7.31 (m, 3H), 6.54 (dd, J=17.3, 11.0 Hz, 1H), 5.54 (d,J=11.0 Hz, 1H), 5.41
(d, J=17.3 Hz, 1H), 5.34 — 5.24 (m, 1H), 2.46 (qd, J = 14.1, 7.6 Hz, 2H), 1.84 (s, 3H),
1.78 (d, J = 1.4 Hz, 3H), 1.60 (d, J = 1.4 Hz, 3H); °C NMR (101 MHz, CDCl;) § 140.4,
139.6, 138.7, 128.6, 128.5, 128.1, 118.7, 115.3, 115.3, 115.2, 49.6, 48.9, 32.7, 26.1, 21.9,
18.4; IR (Neat Film, NaCl) 3089, 2987, 2926, 2242, 1497, 1446, 1416, 1383, 1004, 935,
838, 750, 700 cm™; HRMS (FAB+) m/z calc’d for CgHa N, [M+H]": 265.1705, found
265.1709; SFC conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H column, A =210 nm, tg
(min): major = 3.095, minor = 4.061.

(5)-2-(3-oxobutyl)-2-(2-phenylbut-3-en-2-yl)malononitrile (5f). Allylic alkylation
product 5f was prepared according to the general procedure and isolated by preparatory
TLC (20% Et,O/hexanes, eluted twice) to give a colorless oil (28 mg, 52% yield): 96% ee;
[a]p> +16.8 (¢ 1.6, CHCL;); '"H NMR (400 MHz, CDCls) & 7.62 — 7.53 (m, 2H), 7.46 —
7.30 (m, 3H), 6.50 (dd, J=17.2, 10.9 Hz, 1H), 5.54 (d,J=11.0 Hz, 1H), 5.41 (d, J=17.2
Hz, 1H), 2.86 — 2.75 (m, 2H), 2.19 (s, 3H), 2.17 — 1.97 (m, 2H), 1.82 (s, 3H); °C NMR
(101 MHz, CDCl3) 6 205.1, 139.2, 138.2, 128.7, 128.6, 128.1, 119.1, 115.0, 114.9, 49.8,
47.7, 40.0, 30.2, 27.8, 21.8; IR (Neat Film, NaCl) 3094, 3061, 2991, 2957, 2246, 1721,
1640, 1601, 1582, 1496, 1446, 1418, 1370, 1288, 1215, 1170, 1118, 1080, 1032, 1002,
938, 754, 702 cm™'; HRMS (FAB+) m/z calc’d for C17HoN,O [M+H]": 267.1497, found
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267.1499; SFC conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H column, A =210 nm, tg
(min): major = 5.022, minor = 7.267.

CF3

NC
NC A AN

ph’ %

(5)-2-(2-Phenylbut-3-en-2-yl)-2-(3,3,3-trifluoropropyl)malononitrile  (5g). Allylic
alkylation product 5g was prepared according to the general procedure and isolated by
preparatory TLC (100% toluene, eluted twice) to give a colorless oil (29 mg, 50% yield):
91% ee; [a]p> +16.6 (¢ 1.8, CHCLs); '"H NMR (400 MHz, CDCl3) § 7.61 — 7.32 (m, 5H),
6.50 (dd, J=17.2,10.9 Hz, 1H), 5.59 (d, /= 11.0 Hz, 1H), 5.44 (d, /= 17.2 Hz, 1H), 2.57
—2.39 (m, 2H), 2.12 — 1.93 (m, 2H), 1.84 (s, 3H); °C NMR (101 MHz, CDCl;) & 138.8,
137.7,128.87,128.86, 127.9, 125.7 (q,J=276.4 Hz), 119.5, 114.3, 114.1,49.9,47.5, 31.7,
31.3(q,J=30.3 Hz), 27.1 (q, J = 3.4 Hz); IR (Neat Film, NaCl) 3096, 3063, 2992, 2928,
2242, 1496, 1447, 1400, 1318, 1257, 1157, 1089, 1046, 940, 845, 752, 701, 624 cm’';
HRMS (ESI+) m/z calc’d for CigHisFaN, [M]™: 292.1187, found 292.1173; SFC
conditions: 1% IPA, 3.0 mL/min, Chiralpak OJ-H column, A = 210 nm, tg (min): major =
1.651, minor = 1.868.

(5)-2-Methyl-2-(2-(p-tolyl)but-3-en-2-yl)malononitrile (7a). Allylic alkylation product
7a was prepared according to the general procedure and isolated by preparatory TLC (15%
Et,0/hexanes, eluted twice) to give a pale yellow oil (36 mg, 80% yield): 96% ee; [o]p™>
+48.7 (¢ 1.1, CHCL;); '"H NMR (400 MHz, CDCls) & 7.47 — 7.39 (m, 2H), 7.23 — 7.16 (m,
2H), 6.48 (dd, J=17.3, 11.0 Hz, 1H), 5.52 (d, J=11.0 Hz, 1H), 5.40 (d, /= 17.3 Hz, 1H),
2.35 (s, 3H), 1.77 (s, 3H), 1.66 (s, 3H); °C NMR (101 MHz, CDCls) & 138.44, 138.42,
136.2,129.3,128.0, 118.8, 116.2, 116.1,49.2,42.0,21.8, 21.5, 21.1; IR (Neat Film, NaCl)
3094, 2992, 2953, 2925, 2247, 1748, 1682, 1639, 1614, 1515, 1454, 1416, 1383, 1268,
1198, 1102, 1074, 1019, 937, 825, 804, 774 cm™'; HRMS (ESI+) m/z calc’d for C;sH; N,
[M]"": 224.1314, found 224.1306; SFC conditions: 1% IPA, 3.0 mL/min, Chiralpak OJ-H
column, A =210 nm, tg (min): major = 3.658, minor = 4.375.
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MeO

(8)-2-(2-(4-Methoxyphenyl)but-3-en-2-yl)-2-methylmalononitrile (7b). Allylic
alkylation product 7b was prepared according to the general procedure and isolated by
preparatory TLC (20% Et,O/hexanes, eluted twice) to give a pale yellow oil (34 mg, 70%
yield): 96% ee; [a]p> +25.4 (¢ 2.1, CHCls); "H NMR (400 MHz, CDCl3) § 7.54 — 7.42 (m,
2H), 6.95 — 6.88 (m, 2H), 6.47 (dd, J=17.3, 11.0 Hz, 1H), 5.52 (d, /= 11.0 Hz, 1H), 5.39
(d, J=17.3 Hz, 1H), 3.82 (s, 3H), 1.77 (s, 3H), 1.65 (s, 3H); °C NMR (101 MHz, CDCl;)
5 159.5, 138.5, 131.0, 129.4, 118.7, 116.2, 116.1, 113.9, 55.4, 49.0, 42.1, 21.7, 21.6; IR
(Neat Film, NaCl) 2998, 2934, 2832, 2242, 1609, 1514, 1458, 1298, 1257, 1188, 1029,
932, 832, 808, 774 cm’; HRMS (FAB+) m/z calc’d for C;sH;sON, [(M+H)-H,]":
239.1184, found 239.1198; SFC conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H
column, A =210 nm, tg (min): major = 5.019, minor = 5.890.

(5)-2-(2-([1,1'-Biphenyl]-4-yl)but-3-en-2-yl)-2-methylmalononitrile ~ (7c).  Allylic
alkylation product 7¢ was prepared according to the general procedure and isolated by
preparatory TLC (20% Et,O/hexanes, eluted twice) to give a colorless crystalline solid (58
mg, 99% yield): 95% ee; [a]p™> +42.3 (¢ 1.9, CHCI3); "H NMR (400 MHz, CDCl3) & 7.67
—7.32 (m, 9H), 6.53 (dd, J = 17.3, 10.9 Hz, 1H), 5.58 (d, /= 10.9 Hz, 1H), 5.46 (d, J =
17.3 Hz, 1H), 1.84 (s, 3H), 1.71 (s, 3H); °C NMR (101 MHz, CDCl3) § 141.3, 140.1,
138.2, 138.1, 129.0, 128.5, 127.8, 127.24, 127.21, 119.1, 116.1, 116.0, 49.3, 41.9, 21.8,
21.5; IR (Neat Film, NaCl) 3059, 3032, 2992, 2952, 2247, 1749, 1488, 1450, 1416, 1386,
1267, 1214, 1168, 1102, 1076, 1007, 937, 842, 766, 749, 698 cm™'; HRMS (FAB+) m/z
calc’d for CyoH;gN, [M]™: 286.1470, found 286,1466; SFC conditions: 1% IPA, 2.5
mL/min, Chiralpak OJ-H column, A =210 nm, tg (min): major = 43.531, minor = 40.798.

(5)-2-(2-(4-fluorophenyl)but-3-en-2-yl)-2-methylmalononitrile (7d). Allylic alkylation
product 7d was prepared according to the general procedure and isolated by preparatory
TLC (15% Et,O/hexanes, eluted twice) to give a colorless oil (45 mg, 99% yield): 94% ee;
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[a]p> +23.5 (¢ 3.4, CHCL); 'H NMR (400 MHz, CDCl;) & 7.54 (dd, J = 9.0, 5.1 Hz, 2H),
7.09 (dd, J=9.1, 8.3 Hz, 2H), 6.46 (dd, J=17.3, 11.0 Hz, 1H), 5.55 (d, /= 11.0 Hz, 1H),
5.41(d, J=17.3 Hz, 1H), 1.78 (s, 3H), 1.67 (s, 3H); °C NMR (101 MHz, CDCl5) § 162.6
(d, J=249.0 Hz), 138.1, 135.1 (d, /= 3.3 Hz), 130.1, 130.0, 119.3, 115.9 (d, J = 10.2 Hz),
115.6 (d, J = 21.4 Hz), 49.1, 42.0, 21.7, 21.7; IR (Neat Film, NaCl) 3074, 2993, 2247,
1752, 16001, 1509, 1453, 1416, 1386, 1239, 1170, 1097, 1014, 936, 838, 820, 782, 643
cm™; HRMS (ESI+) m/z cale’d for C4H3EN, [M]™: 228.1063, found 228.1036; HPLC
conditions: 3% IPA, 1 mL/min, Chiralpak OJ column, A = 210 nm, tg (min): major =
22.493, minor = 29.003.

(85)-2-Methyl-2-(2-(m-tolyl)but-3-en-2-yl)malononitrile (7e). Allylic alkylation product
7e was prepared according to the general procedure and isolated by preparatory TLC (15%
Et,0/hexanes, eluted twice) to give a colorless oil (30 mg, 67% yield): 95% ee; [o]p> +29.8
(c 1.8, CHCl3); 'H NMR (400 MHz, CDCl3) & 7.39 — 7.33 (m, 2H), 7.32 — 7.22 (m, 1H),
7.17 (ddt, J=17.4,1.4,0.7 Hz, 1H), 6.48 (dd, J=17.3, 11.0 Hz, 1H), 5.53 (d, J=11.0 Hz,
1H), 5.42 (d, J = 17.3 Hz, 1H), 2.38 (d, J = 0.8 Hz, 3H), 1.78 (s, 3H), 1.66 (s, 3H); °C
NMR (101 MHz, CDCl3) 6 139.1, 138.4, 138.3, 129.2, 128.7, 128.5, 125.1, 118.8, 116.1,
116.0, 49.2, 41.8, 21.8, 21.8, 21.4; IR (Neat Film, NaCl) 3092, 2992, 2951, 2924, 2246,
1638, 1606, 1588, 1492, 1454, 1417, 1384, 1250, 1162, 1106, 1042, 1002, 937, 794, 766,
705 cm™'; HRMS (ESI+) m/z cale’d for CisH,7N, [M+H]: 225.1392, found 225.1387; SEC
conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H column, A = 210 nm, tg (min): major =
2.897, minor = 3.290.

(5)-2-(2-(3-Chlorophenyl)but-3-en-2-yl)-2-methylmalononitrile (7f). Allylic alkylation
product 7f was prepared according to the general procedure and isolated by preparatory
TLC (15% Et;O/hexanes, eluted twice) to give a pale yellow oil (48 mg, 99% yield): 99%
ee; [a]p> +3.2 (¢ 3.2, CHCL3); 'H NMR (400 MHz, CDCL3) & 7.55 — 7.43 (m, 2H), 7.40 —
7.30 (m, 2H), 6.43 (dd, /= 17.3, 10.9 Hz, 1H), 5.58 (d,/J=11.0 Hz, 1H), 5.43 (d,J=17.3
Hz, 1H), 1.78 (s, 3H), 1.68 (s, 3H); °C NMR (101 MHz, CDCls) § 141.4, 137.6, 134.7,
129.9,128.8,128.5,126.2,119.6,115.8,115.7,49.3,41.7,21.7, 21.4; IR (Neat Film, NaCl)
3071, 2992, 2957, 2247, 1880, 1752, 1637, 1594, 1571, 1478, 1458, 1414, 1261, 1217,
1168, 1094, 999, 938, 885, 811, 739, 695 cm™; HRMS (ESI+) m/z calc’d for C14H;3CIN,
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[M]"": 244.0767, found 244.0773; SFC conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H
column, A =210 nm, tg (min): major = 3.255, minor = 4.955.

NO,

(5)-2-Methyl-2-(2-(3-nitrophenyl)but-3-en-2-yl)malononitrile (7g). Allylic alkylation
product 7g was prepared according to the general procedure and isolated by preparatory
TLC (25% Et,0O/hexanes) to give a pale yellow solid (43 mg, 84% yield): 93% ee; [a]p™
+38.6 (¢ 2.2, CHCls); '"H NMR (400 MHz, CDCl3) § 8.41 (t, J= 2.1 Hz, 1H), 8.25 (ddd, J
=8.3,2.2,1.0 Hz, 1H), 7.98 (ddd, J = 8.0, 2.1, 1.0 Hz, 1H), 7.63 (t, J = 8.1 Hz, 1H), 6.50
(dd, /=17.2, 10.9 Hz, 1H), 5.66 (d, /= 11.0 Hz, 1H), 5.46 (d, /= 17.2 Hz, 1H), 1.85 (s,
3H), 1.73 (s, 3H); >C NMR (101 MHz, CDCl;) 5 148.3, 141.8, 136.9, 134.1, 129.8, 123.7,
123.3,120.5,115.4, 115.3,49.4,41.7,21.7, 21.3; IR (Neat Film, NaCl) 3093, 2994, 2957,
2927, 2248, 1749, 1534, 1455, 1418, 1379, 1351, 1266, 1218, 1107, 1002, 942, 906, 854,
812, 795, 739, 721, 688 cm™'; HRMS (ESI+) m/z calc’d for C14H3N,0, [M]™: 255.1008,
found 255.0983; HPLC conditions: 6% IPA, 1 mL/min, Chiralpak AD-H column, A =210
nm, tg (min): major = 12.542, minor = 11.851.

(8)-2-Methyl-2-(2-(naphthalen-2-yl)but-3-en-2-yl)malononitrile (7h). Allylic
alkylation product 7h was prepared according to the general procedure and isolated by
preparatory TLC (15% Et,O/hexanes, eluted twice) to give a colorless oil (48 mg, 93%
yield): 95% ee; [a]p> +57.9 (¢ 3.6, CHCl;); "H NMR (400 MHz, CDCl3) § 8.01 (d, J=2.2
Hz, 1H), 7.93 — 7.80 (m, 3H), 7.70 (dd, J= 8.8, 2.1 Hz, 1H), 7.57 — 7.49 (m, 2H), 6.60 (dd,
J=17.3,10.9 Hz, 1H), 5.60 (d, /= 11.0 Hz, 1H), 5.46 (d, J = 17.3 Hz, 1H), 1.91 (s, 3H),
1.70 (s, 3H); °C NMR (101 MHz, CDCl;) & 138.4, 136.5, 132.9, 132.8, 128.6, 128.3,
127.8,127.5,127.0,126.7,125.4,119.2,116.1, 116.0, 49.6, 41.8, 21.8 (2C); IR (Neat Film,
NaCl) 3060, 2992, 2950, 2246, 1748, 1637, 1598, 1507, 1453, 1416, 1386, 1277, 1194,
1164, 1130, 1103, 999, 937, 902, 859, 819, 779, 747, 666 cm™'; HRMS (ESI+) m/z calc’d
for C1gH;7N, [M+H]": 261.1392, found 261.1378; SFC conditions: 4% IPA, 2.5 mL/min,
Chiralpak OJ-H column, A = 210 nm, tg (min): major = 11.637, minor = 13.691.
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(R)-2-Methyl-2-(3-methyl-5-phenylpent-1-en-3-yl)malononitrile (7)) Allylic
alkylation product 7j was prepared according to the general procedure and isolated by
preparatory TLC (20% Et,O/hexanes, eluted twice) to give a pale yellow oil (31 mg, 65%
yield as a 1:1.5 mixture of linear to branched products): 84% ee; [a]p> +17.0 (¢ 1.9,
CHCls); '"H NMR (400 MHz, CDCl;) § 7.28 — 7.06 (m, 13.5H), 5.80 (dd, J = 17.3, 10.8
Hz, 1.5H), 5.48 (dd, /= 10.8, 0.5 Hz, 1.5H), 5.30 (dd, /= 17.4, 0.6 Hz, 1.5H), 5.19 - 5.11
(m, 1H), 2.70 (dd, J = 8.9, 6.7 Hz, 2.5H), 2.57 (dq, J = 7.7, 0.7 Hz, 2H), 2.54 — 2.40 (m,
3H), 2.34 (ddd, /= 8.6, 6.4, 1.1 Hz, 2H), 1.94 (ddd, /= 10.3, 6.8, 5.6 Hz, 3H), 1.71 — 1.67
(m, 3H), 1.64 (s, 4.5H), 1.55 (s, 3H), 1.30 (s, 4.5H); °C NMR (101 MHz, CDCls) & 143.7,
141.4, 141.1, 137.0, 128.7, 128.5, 128.4, 126.4, 126.1, 120.5, 116.3, 115.8, 115.7, 115.3,
46.2,41.8,41.5,38.7,37.4,34.2, 31.8, 30.9, 23.8, 20.5, 17.1, 16.9; IR (Neat Film, NaCl)
3087, 3064, 3028, 2989, 2930, 2864, 2247, 1949, 1871, 1812, 1638, 1604, 1497, 1453,
1418, 1385, 1277, 1179, 1104, 1074, 1030, 1002, 936, 751, 714, 699, 624 cm™; HRMS
(ESI+) m/z calc’d for Ci6H 9N, [M+H]": 239.1548, found 239.1530; SFC conditions: 0.1%
IPA, 2.5 mL/min, Chiralpak OJ-H column, A = 210 nm, tg (min): major = 7.621, minor =

7.163.
NC
NC 7 X

2-Methyl-2-(2-methylbut-3-en-2-yl)malononitrile (7k). Allylic alkylation product 7k
was prepared according to the general procedure and isolated by preparatory TLC (20%
Et,0/hexanes, eluted twice) to give a colorless oil (18 mg, 61% yield): 'H NMR (400 MHz,
CDCl3) 6 5.92 (dd, J=17.2, 10.8 Hz, 1H), 5.45 — 5.04 (m, 2H), 1.68 (s, 3H), 1.35 (s, 6H);
C NMR (101 MHz, CDCl;) & 138.8, 118.2, 115.8, 42.9, 41.2, 22.9, 20.6; IR (Neat Film,
NaCl) 3095, 2981, 2941, 2885, 2248, 1643, 1459, 1419, 1383, 1176, 1155, 1112, 998, 934,
735, 688 cm; HRMS (ESI+) m/z cale’d for CoH N, [(M+H)-H,]": 147.0922, found

147.0945.
NC
NC AN

Ph’ Et

(5)-2-Methyl-2-(3-phenylpent-1-en-3-yl)malononitrile (71). Allylic alkylation product
71 was prepared according to the general procedure and isolated by preparatory TLC (15%
Et,0/hexanes, eluted twice) to give a colorless oil (23 mg, 50% yield): 96% ee; [o]p> +30.4
(¢ 1.6, CHCl3); 'H NMR (400 MHz, CDCl3) & 7.55 — 7.46 (m, 2H), 7.46 — 7.29 (m, 3H),
6.19 (ddd, J=17.6,11.3, 0.7 Hz, 1H), 5.69 (d, /= 11.3 Hz, 1H), 5.42 (d,J=17.6 Hz, 1H),
2.50 (dqd, J=14.3, 7.2, 0.7 Hz, 1H), 2.15 (dq, J = 14.4, 7.2 Hz, 1H), 1.60 (s, 3H), 0.87 (t,
J=7.2Hz, 3H); "C NMR (101 MHz, CDCL;) § 134.8, 134.7, 129.8, 128.58, 128.57, 121.2,
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116.3, 116.1, 54.4, 42.6, 26.4, 21.9, 9.1; IR (Neat Film, NaCl) 3094, 3061, 2981, 2944,
2884, 2246, 1638, 1601, 1496, 1448, 1414, 1382, 1180, 1161, 1083, 1002, 940, 751, 704
cm’'; HRMS (FAB+) m/z calc’d for CsHsN, [M+H]™: 225.1392, found 225.1377; SEC
conditions: 3% IPA, 2.5 mL/min, Chiralpak OJ-H column, A = 210 nm, tg (min): major =
3.270, minor = 4.727.
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Determination of Enantiomeric Excess

Please note racemic products were synthesized using racemic L.

Table S1: Determination of Enantiomeric Excess

Entry

Product

Assay
Conditions

Retention time
of major
isomer (min)

Retention time
of minor
isomer (min)

%ee

NC
NC N

0
=,
W

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

3.832

4.594

95%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

3.378

4.088

95%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

10.960

11.727

93%

NC
NCT YT

h
=,
w

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

3.138

3.923

92%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

3.095

4.061

96%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

5.022

7.267

96%
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Retention time Retention time
of major of minor %ee
isomer (min) isomer (min)

Assay

Entry Product Conditions

SFC
Chiralpak OJ-H
1% IPA
isocratic, 3.0 mL/min

1.651 1.868 91%

SFC
Chiralpak OJ-H
1% IPA
isocratic, 3.0 mL/min

3.658 4.375 96%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

5.019 5.890 96%

MeO

SFC
Chiralpak OJ-H
1% IPA
isocratic, 2.5 mL/min

10 43.531 40.798 95%

HPLC
Chiralpak OJ
3% IPA
isocratic, 1 mL/min

1 22.493 29.003 94%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

12 2.897 3.290 95%

SFC
Chiralpak OJ-H
3% IPA
isocratic, 2.5 mL/min

13 3.255 4.955 99%
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Assa Retention time Retention time
Entry Product Conditizns of major of minor %ee
isomer (min) isomer (min)
_ HPLC
14 Chlrzlor/:alll(a:D—H 12.542 11.851 93%
isocratic, 1 mL/min
NO,
_ SFC
15 Chlr:!,zeulll(’ EJ—H 11.637 13.691 95%
isocratic, 2.5 mL/min
_ SFC
16 ChIBa:gzlfp?AJ—H 7.621 7.163 84%
isocratic, 2.5 mL/min
. SFC
17 ChlrngellléfJ'H 3.270 4.727 96%

isocratic, 2.5 mL/min

Experimental Procedures and Spectroscopic Data for the Product Transformations

NC
NC 4

PH %

(5)-2-Methyl-2-(2-phenylbutan-2-yl)malononitrile (8). In a nitrogen-filled glove box, to
a 1 dram vial equipped with a stir bar was added olefin 3 (25 mg, 0.12 mmol, 1 equiv),
RhCI(PPh3); (11 mg, 0.012 mmol, 10 mol %) and benzene (1.2 mL). The reaction mixture
was removed from the glove box, sparged with hydrogen (balloon) for 5 minutes, and
stirred under a hydrogen atmosphere for 18 h, whereupon the reaction was concentrated
under reduced pressure. The crude residue was purified by preparatory TLC (20%
EtOAc/hexanes) to give alkyl 8 as a colorless oil (23 mg, 92% yield): [o]p> +16.6 (¢ 1.2,
CHCl;); '"H NMR (400 MHz, CDCl3) § 7.49 — 7.31 (m, 5H), 2.58 —2.46 (m, 1H), 1.94 (dq,
J=13.6,7.2 Hz, 1H), 1.65 (d, J = 0.9 Hz, 3H), 1.56 (s, 3H), 0.83 (t, J= 7.3 Hz, 3H); °C
NMR (101 MHz, CDCls3) & 136.9, 128.7, 128.3 (2C), 116.3, 116.3, 47.3, 43.3, 29.5, 21.2,
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20.5, 8.8; IR (Neat Film, NaCl) 3059, 2979, 2943, 2885, 2245, 1602, 15001, 1451, 1391,
1192, 1164, 1098, 1030, 806, 774, 741, 702, 662 cm'; HRMS (ESI+) m/z calc’d for
C14H N, [M]™: 212.1314, found 212.1291.

NC
NC < o

PH *

(S)-2-Methyl-2-(1-0x0-2-phenylpropan-2-yl)malononitrile (9). A solution of olefin 3
(40.0 mg, 0.19 mmol, 1 equiv) and pyridine (0.038 mL, 0.48 mmol, 2.5 equiv) in CH,Cl,
(2.0 mL) was cooled to —78 °C. Ozone was bubbled through the resulting solution for 4
min, whereupon the reaction mixture was sparged with O,, warmed to ambient
temperature, and diluted with CH,Cl, (5.0 mL). The reaction mixture was washed with
saturated aqueous NaHCOs (5 mL) and the aqueous layer was further extracted with
CH,ClI; (2 x 5 mL). The combined organic layers were washed with 1 M HCI (5 mL), brine
(5 mL), dried over Na,SOs, and concentrated under reduced pressure to give aldehyde 9 as
a colorless solid (37 mg, 93% yield): [a]p> —46.9 (c 2.1, CHCL); '"H NMR (400 MHz,
CDCls) 6 9.45 (s, 1H), 7.55 —7.45 (m, 3H), 7.41 —7.30 (m, 2H), 1.88 (s, 3H), 1.70 (s, 3H);
BC NMR (101 MHz, CDCl3) § 194.9, 131.1, 130.2, 129.6, 128.9, 115.3, 115.2, 58.3, 37.4,
21.4, 16.3; IR (Neat Film, NaCl) 3033, 3063, 2985, 2954, 2832, 2720, 2249, 1726, 1498,
1448, 1395, 1376, 1262, 1190, 1172, 1080, 923, 869, 764, 703 cm™'; HRMS (ESI+) m/z
calc’d for C13H1oN,0 [M]™: 212.0950, found 212.0948.

o
NC
NC
Ph*:

(8)-4-Acetyl-2-methyl-2-phenylcyclopent-3-ene-1,1-dicarbonitrile (SI-2). A solution of
olefin 5f (42 mg, 0.16 mmol, 1 equiv) and pyridine (0.031 mL, 0.39 mmol, 2.5 equiv) in
CH,Cl, (2.0 mL) was cooled to —78 °C. Ozone was bubbled through the resulting solution
for 4 min, whereupon the reaction mixture was sparged with O,, warmed to ambient
temperature, and diluted with CH,Cl, (5.0 mL). The reaction mixture was washed with
saturated aqueous NaHCOs (5 mL) and the aqueous layer was further extracted with
CH,ClI; (2 x 5 mL). The combined organic layers were washed with 1 M HCI (5 mL), brine
(5 mL), dried over Na,SQOy4, and concentrated under reduced pressure.

The crude material was dissolved in benzene (10 mL) and p-toluenesulfonic acid (30.0 mg,
0.16 mmol, 1 equiv) was added. The resulting solution was stirred at ambient temperature
for 0.5 h and then heated under reflux for 18 h, whereupon the reaction mixture was cooled
to ambient temperature and diluted with Et,O (10 mL). Saturated aqueous NaHCO; (10
mL) was added to the resulting solution and allowed to stir for 5 min. The organic layer
was then separated and washed further with saturated aqueous NaHCOs3 (10 mL), brine (10
mL), dried over Na,SO,, and concentrated under reduced pressure. The crude residue was
purified by preparatory TLC (33% acetone/hexanes) to give enone SI-2 as a colorless oil
(19 mg, 47% vyield over two steps): [o]p> —27.3 (¢ 1.2, CHCl;); '"H NMR (400 MHz,
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CDCl3) § 7.52 — 7.36 (m, 5H), 6.91 (dd, J = 2.2, 1.2 Hz, 1H), 3.56 (dd, J = 16.7, 1.2 Hz,
1H), 3.39 (dd, J = 16.7, 2.1 Hz, 1H), 2.48 (s, 3H), 1.82 (s, 3H); °C NMR (101 MHz,
CDCl3) & 194.6, 145.4, 140.5, 138.8, 129.5 (d, J=2.6 Hz), 126.3, 114.7, 114.4, 61.4, 45.7,
42.2,26.8,23.6; IR (Neat Film, NaCl) 3063, 2978, 2934, 2249, 1676, 1629, 1499, 1446,
1371, 1335, 1267, 1098, 1026, 953, 896, 764, 699 cm™'; HRMS (FAB+) m/z calc’d for
C16HisON, [M+H]™: 251.1184, found 251.1197.

(o}

o
H,N
NC™
Ph*”:

(1S5,28)-4-acetyl-1-cyano-2-methyl-2-phenylcyclopent-3-ene-1-carboxamide (10). A
solution of bis-nitrile SI-2 (19 mg, 0.074 mmol, 1 equiv), NaOH (10 mg, 0.25 mmol, 3.4
equiv) in EtOH/H,0O (1:1, 1.0 mL) was heated to 60 °C for 18 h, whereupon the resulting
mixture was cooled to ambient temperature and diluted with EtOAc (5 mL). The solution
was washed with brine (5 mL), dried over Na,SO4, and concentrated under reduced
pressure. The crude product was purified by preparatory TLC (50% acetone/hexanes) to
give amide 10 as a colorless oil (7.5 mg, 38% vyield, 1:11 dr): [a]p” +4.4 (¢ 1.2, CHCL);
"H NMR (400 MHz, CDCls) § 7.47 — 7.38 (m, 5H), 6.65 (dd, J=2.3, 1.1 Hz, 1H), 5.76 (s,
2H), 3.71 (dd, J=17.0, 2.3 Hz, 1H), 3.22 (dd, J=17.0, 1.1 Hz, 1H), 2.44 (s, 3H), 1.58 (s,
3H); ?CNMR (101 MHz, CDCl3) & 195.4, 165.9, 146.5, 141.9, 129.8, 129.0, 127.4, 124.9,
120.6, 60.5, 59.0, 39.2, 26.9, 21.4; IR (Neat Film, NaCl) 3338, 3201, 3062, 2980, 2929,
2854,2242, 1732, 1694, 1673, 1604, 1498, 1446, 1371, 1338, 1259, 1102, 1046, 913, 767.
734, 702 cm’'; HRMS (FAB+) m/z calc’d for Ci¢Hi70,N, [M+H]™: 269.1290, found
269.1282. Please note that the NMR data listed is for the major diastereomer, though both
diastereomers can be seen in the NMR spectra in a 1:11 ratio.

Stereochemical Assignment:

There is an NOE between the bottom allylic
5 proton (blue) and the methyl group, but not the
$ H phenyl group and the top allylic proton (red)
’ : leading us to believe that it exists in the
,~ NOE conformer below

great angle for coupling as opposed to if the amide were in the

o NH, There is a HMBC between the bottom proton (blue) and the amide,
Ph thus we believe that the amide is on the top face which provides a
CN
equatorial position which would be approaching 90 °
|
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(o]

NC,
.. o
Ph*

(3R,45)-3,4-dimethyl-2-0x0-4-phenyltetrahydrofuran-3-carbonitrile (11). A solution
of olefin 3 (100.0 mg, 0.48 mmol, 1 equiv) in MeOH (5.0 mL) was cooled to —78 °C. Ozone
was bubbled through the reaction mixture for 0.5 h, whereupon the resulting solution was
sparged with O, and NaBH4 (0.80 mg, 2.1 mmol, 4.4 equiv) was added. The reaction was
then warmed to 0 °C and stirred for 3 h. The reaction mixture was quenched with the
addition of 1 M HCI (5 mL) and the aqueous layer was extracted with EtOAc (3 x 20 mL).
The combined organic layers were washed with brine (20 mL), dried over Na,SO4, and
concentrated under reduced pressure. The crude product was purified by silica gel flash
column chromatography (20% acetone/hexanes) to give lactone 11 as a colorless solid (66
mg, 65% yield, 1:2.5 dr): [a]p> +21.3 (¢ 3.0, CHCls); 'H NMR (400 MHz, CDCls) § 7.47
—7.33 (m, 3H), 7.26 — 7.23 (m, 2H), 4.78 (dt, J = 9.1, 0.8 Hz, 1H), 4.50 (d, J = 9.1 Hz,
1H), 1.74 (d, J = 0.8 Hz, 3H), 1.33 (s, 3H); °C NMR (101 MHz, CDCl;) & 171.7, 138.7,
129.6, 128.5, 125.6, 117.7, 74.6, 49.6, 49.0, 27.1, 18.9; IR (Neat Film, NaCl) 2979, 2930,
2355,2242, 1783, 1498, 1445, 1381, 1279, 1172, 1092, 1012, 764, 699 cm™'; HRMS (ESI+)
m/z cale’d for C13H3NO, [M]"": 215.0946, found 215.0966. Please note that the NMR data
listed is for the major diastereomer.

Stereochemical Assignment:
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Crystal Structure Data for Allylic Alkylation Product 7¢

Allylic alkylation product 7¢ was recrystallized from boiling hexanes to provide crystals
suitable for X-ray analysis.

Low-temperature diffraction data (¢-and w-scans) were collected on a Bruker AXS D8
VENTURE KAPPA diffractometer coupled to a PHOTON II CPAD detector with Cu K,
radiation (A= 1.54178 A) from an IS micro-source for the structure of compound 7¢. The
structure was solved by direct methods using SHELXS'® and refined against £~ on all data
by full-matrix least squares with SHELXL-2016'" using established refinement
techniques.'® All non-hydrogen atoms were refined anisotropically. All hydrogen atoms
were included into the model at geometrically calculated positions and refined using a
riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to
1.2 times the U value of the atoms they are linked to (1.5 times for methyl groups). All
disordered atoms were refined with the help of similarity restraints on the 1,2- and 1,3-
distances and displacement parameters as well as enhanced rigid bond restraints for
anisotropic displacement parameters.

Compound 7¢ crystallizes in the tetragonal space group 14, with half a molecule in the
asymmetric unit. The molecule is located near a crystallographic 2-fold rotation axis and
is disordered by the rotation. The phenyl moiety was disordered over four positions, two
of which are pairwise related to the other two by the 2-fold rotation. This requires a number
of SADI restraints during refinement. We note that a Bayesian analysis of the Friedel pairs
(performed using the "Bijvoet-Pair Analysis" routine of PLATON) confirms the absolute
stereochemical assignment based on the Flack x. The output of this analysis gives:

Bayesian Statistics
Student T Nu 99
Select Pairs 752
Theta Min .. 5.23
Theta Max ..74.45
P2(true).... 1.000
P3(true).... 0.999
P3(rac-twin) 0.8E-03
P3(false) ..0.8E-08
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G (su) ..... 0.4726
Hoofty .... -0.5(2)

Supporting Information

Table S2. Crystal data and structure refinement for 7c.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

C20 H18 N2
286.36

100(2) K

1.54178 A

Tetragonal

14,

a=10.0971(4) A a=90°.
b=10.0971(4) A b= 90°.
c=15.5215(7) A g=90°.
1582.44(14) A3

4
1.202 Mg/m3

0.545 mm-!

608

0.600 x 0.150 x 0.150 mm3

5.226 to 74.482°.

-12<=h<=12, -12<=k<=12, -17<=I<=19

10160

1590 [R(int) = 0.0381]
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Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

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

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

Supporting Information

99.6 %
Semi-empirical from equivalents

0.7538 and 0.5549

Full-matrix least-squares on F2

1590/ 823 /256

1.044

R1=0.0422, wR2 =0.1227
R1=0.0433, wR2 =0.1248
-0.6(3)

n/a

0.211 and -0.114 e.A-3
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Table S3. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters
(A2x 103) for 7c. Uleq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
C(1 4978(4) 4611(3) 4288(2) 41(1)
C(12) 3831(6) 4487(6) 4770(4) 50(1)
C(13) 3815(16) 4637(13) 5665(6) 44(2)
C(14) 4960(20) 4930(50) 6109(3) 47(3)
C(15) 6113(19) 5045(15) 5612(9) 58(3)
C(16) 6135(6) 4925(6) 4736(4) 50(1)
C21) 5150(20) 4990(50) 7046(10) 44(3)
C(22) 4028(19) 5180(30) 7561(12) 58(4)
C(23) 4064(18) 5150(30) 8460(12) 68(4)
C(24) 5262(18) 4980(40) 8853(12) 63(5)
C(25) 6388(16) 4750(30) 8376(10) 69(4)
C(26) 6337(17) 4800(30) 7479(10) 54(3)
C(21A) 4840(30) 4910(40) 7104(13) 43(5)
C(22A) 3718(19) 4470(30) 7512(12) 47(4)
C(23A) 3681(18) 4450(20) 8410(11) 57(4)
C(24A) 4750(30) 4830(40) 8896(17) 56(6)
C(25A) 5830(20) 5330(30) 8484(15) 57(4)
C(26A) 5890(20) 5390(30) 7587(15) 52(4)
C(1) 5012(4) 4373(4) 3312(3) 45(1)
CQ2) 6410(11) 3889(10) 3042(7) 52(2)
C(3) 6731(6) 2674(6) 2858(5) 78(2)
C#4) 3908(17) 3438(17) 3046(13) 70(5)
C(5) 4782(5) 5744(4) 2825(3) 51(1)
C(6) 3509(14) 6450(11) 3020(8) 65(3)
C(7) 5866(16) 6713(17) 3030(10) 50(2)
N(1) 6596(5) 7446(5) 3232(4) 78(1)
C(8) 4876(5) 5491(6) 1886(3) 64(1)
N(2) 5010(30) 5250(20) 1173(3) 100(6)
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Table S4. Bond lengths [A] and angles [°] for 7c.

C(11)-C(12) 1.385(7)
C(11)-C(16) 1.396(7)
C(11)-C(1) 1.534(6)
C(12)-C(13) 1.398(11)
C(12)-H(12) 0.9500
C(13)-C(14) 1.380(16)
C(13)-H(13) 0.9500
C(14)-C(15) 1.400(16)
C(14)-C(21) 1.467(18)
C(15)-C(16) 1.366(14)
C(15)-H(15) 0.9500
C(16)-H(16) 0.9500
C(21)-C(26) 1.390(17)
C(21)-C(22) 1.397(17)
C(22)-C(23) 1.396(17)
C(22)-H(22) 0.9500
C(23)-C(24) 1.366(18)
C(23)-H(23) 0.9500
C(24)-C(25) 1.376(16)
C(24)-H(24) 0.9500
C(25)-C(26) 1.394(15)
C(25)-H(25) 0.9500
C(26)-H(26) 0.9500
C(21A)-C(22A) 1.374(19)
C(21A)-C(26A) 1.384(19)
C(22A)-C(23A) 1.395(17)
C(22A)-H(22A) 0.9500
C(23A)-C(24A) 1.37(2)
C(23A)-H(23A) 0.9500
C(24A)-C(25A) 1.36(2)
C(24A)-H(24A) 0.9500
C(25A)-C(26A) 1.395(18)
C(25A)-H(25A) 0.9500
C(26A)-H(26A) 0.9500
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C(1)-C(4) 1.518(16)
C(1)-C(2) 1.551(11)
C(1)-C(5) 1.594(6)
C(2)-C(3) 1.301(10)
C(2)-H(2) 0.9500
C(3)-H(3A) 0.9500
C(3)-H(3B) 0.9500
C(4)-H(4A) 0.9800
C(4)-H(4B) 0.9800
C(4)-H(4C) 0.9800
C(5)-C(8) 1.482(7)
C(5)-C(6) 1.501(13)
C(5)-C(7) 1.503(15)
C(6)-H(6A) 0.9800
C(6)-H(6B) 0.9800
C(6)-H(6C) 0.9800
C(7)-N(1) 1.091(15)
C(8)-N(2) 1.141(9)
C(12)-C(11)-C(16) 116.9(3)
C(12)-C(11)-C(1) 122.6(4)
C(16)-C(11)-C(1) 120.5(4)
C(11)-C(12)-C(13) 122.5(8)
C(11)-C(12)-H(12) 118.8
C(13)-C(12)-H(12) 118.8
C(14)-C(13)-C(12) 120.7(9)
C(14)-C(13)-H(13) 119.7
C(12)-C(13)-H(13) 119.7
C(13)-C(14)-C(15) 116.0(5)
C(13)-C(14)-C(21) 127.6(17)
C(15)-C(14)-C(21) 115.9(18)
C(16)-C(15)-C(14) 123.8(11)
C(16)-C(15)-H(15) 118.1
C(14)-C(15)-H(15) 118.1
C(15)-C(16)-C(11) 120.1(9)
C(15)-C(16)-H(16) 119.9
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C(11)-C(16)-H(16)
C(26)-C(21)-C(22)
C(26)-C(21)-C(14)
C(22)-C(21)-C(14)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
C(24)-C(25)-C(26)
C(24)-C(25)-H(25)
C(26)-C(25)-H(25)
C(21)-C(26)-C(25)
C(21)-C(26)-H(26)
C(25)-C(26)-H(26)
C(22A)-C(21A)-C(26A)
C(21A)-C(22A)-C(23A)
C(21A)-C(22A)-H(22A)
C(23A)-C(22A)-H(22A)
C(24A)-C(23A)-C(22A)
C(24A)-C(23A)-H(23A)
C(22A)-C(23A)-H(23A)
C(25A)-C(24A)-C(23A)
C(25A)-C(24A)-H(24A)
C(23A)-C(24A)-H(24A)
C(24A)-C(25A)-C(26A)
C(24A)-C(25A)-H(25A)
C(26A)-C(25A)-H(25A)
C(21A)-C(26A)-C(25A)
C(21A)-C(26A)-H(26A)
C(25A)-C(26A)-H(26A)
C(4)-C(1)-C(11)

119.9
116.1(14)
126(2)
118(2)
123.3(16)
118.3
118.3
118.1(16)
121.0
121.0
120.9(15)
119.5
119.5
120.0(15)
120.0
120.0
121.3(13)
119.3
119.3
119.6(19)
119.1(16)
120.5
120.5
121.7(17)
119.1
119.1
118(2)
120.8
120.8
121(2)
119.5
119.5
119.8(18)
120.1
120.1
110.4(8)
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C(4)-C(1)-C(2) 113.5(9)
C(11)-C(1)-C(2) 109.7(6)
C(4)-C(1)-C(5) 107.7(7)
C(11)-C(1)-C(5) 109.2(3)
C(2)-C(1)-C(5) 106.2(5)
C(3)-C(2)-C(1) 125.7(8)
C(3)-C(2)-H(2) 117.1
C(1)-C(2)-H(2) 117.1
C(2)-C(3)-H(3A) 120.0
C(2)-C(3)-H(3B) 120.0
H(3A)-C(3)-H(3B) 120.0
C(1)-C(4)-H(4A) 109.5
C(1)-C(4)-H(4B) 109.5
H(4A)-C(4)-H(4B) 109.5
C(1)-C(4)-H(4C) 109.5
H(4A)-C(4)-H(4C) 109.5
H(4B)-C(4)-H(4C) 109.5
C(8)-C(5)-C(6) 109.6(7)
C(8)-C(5)-C(7) 105.9(7)
C(6)-C(5)-C(7) 105.8(8)
C(8)-C(5)-C(1) 107.9(4)
C(6)-C(5)-C(1) 116.2(5)
C(7)-C(5)-C(1) 111.0(8)
C(5)-C(6)-H(6A) 109.5
C(5)-C(6)-H(6B) 109.5
H(6A)-C(6)-H(6B) 109.5
C(5)-C(6)-H(6C) 109.5
H(6A)-C(6)-H(6C) 109.5
H(6B)-C(6)-H(6C) 109.5
N(1)-C(7)-C(5) 174.5(14)
N(2)-C(8)-C(5) 176(2)

S27



Hethcox,* Shockley,r and Stoltz*

Supporting Information

Table S5. Anisotropic displacement parameters (A2x 103) for 7c. The anisotropic

displacement factor exponent takes the form: -2p2 [h2 a*2Ull + . +2hka*b*Ul2]
ull U22 U33 U23 ul3 ul2
C(11) 47(2) 43(2) 34(2) 1(1) 1(1) 4(2)
C(12) 42(2) 67(3) 43(2) 2(3) 5(2) 2(3)
C(13)  53(3) 48(5) 32(3) 2(3) 8(2) 3(3)
C(14)  65(3) 39(7) 37(2) 1(4) 6(5) 7(3)
C(15)  55(3) 62(8) 58(4) -15(4) -8(3) -3(4)
C(16)  49(2) 56(3) 46(3) -3(3) 4(2) -5(3)
C(21)  56(8) 31(5) 44(5) -5(6) 10(5) 1(8)
C(22) 6309 67(8) 45(6) 1(6) 4(5) -1(8)
C(23) 80(9) 83(9) 40(6) -1(6) 9(6) -2(10)
C(24) 85(10) 69(10) 36(6) -5(6) 11(6) -3(10)
C(25) 8209 89(9) 36(5) -11(4) 5(5) -14(8)
C(26) 64(8) 72(8) 26(4) -3(4) 3(4) -1(7)
C(21A) 64(10) 47(10) 18(6) -10(7) 4(7) 2(9)
C(22A) 51(8) 55(9) 36(6) 0(5) 5(5) 7(7)
C(23A) 64(9) 69(10) 37(6) -11(6) 5(6) 5(7)
C(24A) 75(11) 58(11) 35(8) -3(6) 2(7) -2(8)
C(25A) 71(10) 63(10) 38(7) 1(7) -4(7) -4(9)
C(26A) 64(10) 46(8) 46(7) 1(7) 4(6) -3(9)
C(1) 48(2) 47(2) 39(2) -5(2) 4(2) -2(1)
C(2) 66(3) 41(4) 49(3) -11(3) 19(2) -3(3)
C(3) 82(3) 66(3) 86(4) -8(3) 32(3) 0(3)
C4) 79(7) 73(8) 57(6) -24(5) 15(5) -25(6)
C(5) 57(2) 59(2) 37(3) 2(2) -3(2) -2(2)
C(6) 91(5) 51(6) 53(3) 21(3) 18(3) 17(3)
C(7) 67(4) 48(3) 36(4) -1(3) -2(3) 2(3)
N(1) 86(3) 62(2) 84(3) -4(2) 7(2) -12(2)
C(8) 64(3) 84(3) 45(3) 4(2) 0(2) -21(3)
N(2) 100(3) 164(18) 35(2) -7(4) 8(4) -60(11)
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Table S6. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 103)

for 7c.
X y z U(eq)

H(12) 3024 4292 4482 61
H(13) 3007 4534 5971 53
H(15) 6925 5212 5901 70
H(16) 6940 5055 4430 60
H(22) 3202 5331 7286 70
H(23) 3277 5256 8789 81
H(24) 5318 5012 9463 76
H(25) 7201 4562 8658 83
H(26) 7131 4701 7157 65
H(22A) 2977 4171 7187 57
H(23A) 2893 4179 8693 68
H(24A) 4744 4738 9506 67
H(25A) 6561 5645 8813 69
H(26A) 6643 5751 7309 62
H(2) 7091 4536 3009 62
H(3A) 6082 1995 2883 93
H(3B) 7615 2467 2698 93
H(4A) 3973 3256 2428 104
H(4B) 3049 3848 3172 104
H®4C) 3988 2607 3368 104
H(6A) 3559 7361 2805 98
H(6B) 3364 6462 3644 98
H(6C) 2773 5988 2738 98
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Table S7. Torsion angles [°] for 7c.

Supporting Information

C(16)-C(11)-C(12)-C(13)
C(1)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(12)-C(13)-C(14)-C(21)
C(13)-C(14)-C(15)-C(16)
C(21)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(11)
C(12)-C(11)-C(16)-C(15)
C(1)-C(11)-C(16)-C(15)
C(13)-C(14)-C(21)-C(26)
C(15)-C(14)-C(21)-C(26)
C(13)-C(14)-C(21)-C(22)
C(15)-C(14)-C(21)-C(22)
C(26)-C(21)-C(22)-C(23)
C(14)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(22)-C(21)-C(26)-C(25)
C(14)-C(21)-C(26)-C(25)
C(24)-C(25)-C(26)-C(21)
C(26A)-C(21A)-C(22A)-C(23A)
C(21A)-C(22A)-C(23A)-C(24A)
C(22A)-C(23A)-C(24A)-C(25A)
C(23A)-C(24A)-C(25A)-C(26A)
C(22A)-C(21A)-C(26A)-C(25A)
C(24A)-C(25A)-C(26A)-C(21A)
C(12)-C(11)-C(1)-C(4)
C(16)-C(11)-C(1)-C(4)
C(12)-C(11)-C(1)-C(2)
C(16)-C(11)-C(1)-C(2)
C(12)-C(11)-C(1)-C(5)
C(16)-C(11)-C(1)-C(5)

“1.3(8)
176.6(7)
1(3)
-1(5)
_173(4)
3(5)
175(3)
-3(3)
2.5(9)
_175.4(8)
154(3)
~18(6)
22(6)
166(3)
-1(3)
175(4)
2(3)
4(4)
5(4)
2(3)
_174(4)
-4(3)
3(3)
2(3)
6(5)
_4(5)
4(3)
-1(4)
-25.7(9)
152.2(8)
_151.5(6)
26.4(6)
92.6(5)
-89.6(5)

S30



Hethcox,* Shockley,  and Stoliz* Supporting Information

C4)-C(1)-C(2)-C(3) -20.9(15)
C(11)-C(1)-C(2)-C(3) 103.2(11)
C(5)-C(1)-C(2)-C(3) -138.909)
C(4)-C(1)-C(5)-C(8) -62.4(9)
C(11)-C(1)-C(5)-C(8) 177.7(4)
C(2)-C(1)-C(5)-C(8) 59.5(6)
C(4)-C(1)-C(5)-C(6) 61.1(11)
C(11)-C(1)-C(5)-C(6) -58.8(8)
C(2)-C(1)-C(5)-C(6) -177.0(8)
C4)-C(1)-C(5)-C(7) -178.0(10)
C(11)-C(1)-C(5)-C(7) 62.1(7)
C(2)-C(1)-C(5)-C(7) -56.1(8)
References

(1) Hamilton, J. Y.; Sarlah, D.; Carreira, E. M. Org. Synth. 2015, 92, 1-12.
(2) Ghorai, M. K.; Talukdar, R.; Tiwari, D. P. Org. Lett. 2014, 16, 2204-2207.

(3) Matsubara, R.; Jamison, T. F. J. Am. Chem. Soc. 2010, 132, 6880—6881.

(4) Diez-Barra, E.; de la Hoz, A.; Moreno, A.; Sanchez-Verdd, P. J. Chem. Soc., Perkin

Trans. 11991, 0,2589-2592.

(5) Gao,C.; Tao, X.; Qian, Y.; Huang, J. Synlett 2003, 11, 1716—1718.

(6) Ferndndez-Mateos, A.; Teijon, P. H.; Burén, L. M.; Clemente, R. R.; Gonzdlez, R.

R.J. Org. Chem.2007,72,9973-9982.

(7) Benati, L.; Bencivenni, G.; Leardini, R.; Minozzi, M.; Nanni, D.; Scialpi, R.;

Spagnolo, P.; Zanardi, G.; Rizzoli, C. Org. Lett. 2004, 6, 417-420.
(8) Paganelli, S.; Sehionato, A.; Botteghi, C. Tetrahedron Lett. 1991, 32, 2807-2810.

(9) Okada, S.; Oohira, D.; Otaka, K. Patent W02004020399 (A1), March 11, 2004.

(10) Guzman-Martinez, A.; Hoveyda, A. H. J. Am. Chem. Soc. 2010, 132, 10634-10637.

S31



Hethcox,* Shockley,  and Stoliz* Supporting Information

(11) Shockley, S.E.; Hethcox, J. C.; Stoltz, B. M. Angew. Chem. Int. Ed. 2017, 56, 11545—
11548.

(12) Ghosh, S.; Chaudhuri, S.; Bisai, A. Org. Lett. 2015, 17, 1373—-1376.

(13) Sharma, S.; Kumar, S.; Shil, A. K.; Guha, N. R.; Bandna; Das, P. Tetrahedron Lett.
2012, 53, 7044-7051.

(14) (a) Franke, A.; Mattern, G.; Traber, W. Helv. Chim. Acta 19785, 58, 268-278; (b)
Rossi, D.; Baraglia, A. C.; Serra, M.; Azzolina, O.; Collina, S. Molecules 2010, 15,
5928-5942.

(15) Zhang, T.; Jiang, J.; Yao, L.; Geng, H.; Zhang, X. Chem. Commun. 2017, 53, 9258—
9261.

(16) Sheldrick, G. M. Acta Cryst. 1990, A46,467-473.
(17) Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8.

(18) Miiller, P. Crystallography Reviews 2009, 15, 57-83.

S32



99~
08°'L—

ov's

1717'9l
€967
99'9f

Gr'9
ev'gk
0597
259
Vel

8¢e°/
8¢/
oy L
Ly L]
AR
GG/
G5/
161

—n

S33

;

=

aie|

9l'e

Foou

Fore

Feoz

5.5

6.5

50 45
1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 3.



88.5

86

84

82 ]

80

78|

76 |

T ]

72 |

70|

68 ]

66
64|

62
613 T T T T 1
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 3.

-------- g 5 e
) 00 O 0 . .
e+ <~ < NN
NSNS T 2

L .

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30 20
ppm

BC NMR (101 MHz, CDCls) of compound 3.

S34



— N

L€'

ZV'Ql
LG'G7
179'9/

819
oggl
2597

owj
vl

8G°/-

S35

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 5a.



9.6_

95

90

85

80

75 |

%T

70|

65

60 |

55

488

T T T T
4000.0 3000 2000 1500 1000

1
600.0

Infrared spectrum (Thin Film, NaCl) of compound Sa.

----- = 8 28 &
IRILIReL > ~ o =
R Al R < < NN -
N AN v Pl |
ll A l | . ‘ 1 ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 5a.

S36



€61 —

€6°¢
96°C~\
00ef
€0°¢

av'G

617'9l
65°G7
ZQ'Qf

19'9
99'9§_
G9'9

89'9

o

[ ANE
ceLf
6eL

VL
ey 2]
St/
or.]
9"
92
G9'/1
69/
99/
99°/1
191

S37

Froz

Foor |

Fove |

Fl0z |

EFeoe |

3.0

50 45

1 (ppm)

10.0 95

20 15 10 05 00 -0

25

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 5b.



100.7

95
90
85
80
75
70|
65
60

T 55 ]

50

45 |

40 |

35 |

30|

25

20

14.84

T T T T
4000.0 3000 2000 1500 1000

1
600.0

Infrared spectrum (Thin Film, NaCl) of compound Sb.

............ gN o =
BECSNNRRIZEE 88 3 §
R AN & |
L1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 5b.

S38



L.
161

6G°.

v0'€

Fvoz |

101
3 90l |
20

) 1101

% Foot

S39

—
A4

0¢ |

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 5d.



93.08_

9.5 ]
92.0
915
91.0
90.5 |

90.0 |

89.5 |

%T
89.0 |

88.5 ]

88.0

86.5 |

86.0 |

85.61 ; ; ; ; .
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 5d.

.......... 2288 Q8
) 00 I~ 00 0O O q 3
PR R R LR L R R o< < NN
N A X [N N

L] i

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30 20 10 O -10
ppm

C NMR (101 MHz, CDCls) of compound 5d.

S40



62°S

86~
eY'S/-

GG'g

059
99'9&
659
169
ge'L

6E L
6€ 27
0¥ 27
V2]
zv 1
1627
85"/
651

N i

S41

AU

M

Tere |

Fsio |

ezt

00}
50071

Foot

Feose |

Feoe

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 5e.



100.9_

100 |

99

98 |

97

96 |

95

94 |

%T

93]

92

91

90

89

88 ]

86.7]

4000.0

T T T T 1
3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound Se.

------ 3% o33
S 0 00 00 O W o G L O > .= o

PRI R R SRR IR R < < ON N~
A NN 0 NN

210 200 190 180

170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20
1 (ppm)

C NMR (101 MHz, CDCls) of compound 5e.

S42



6€°S

1717'9l
€667
99'9/

a9
617'9X
1597
€59

GeL
98'[\
8¢€L

8¢€L
ov'L
ov'L

GG'L
gG'.
161

h

PSO'Z

S43

Fioz |

Fzoe |
1202

®0¢ |

662 |

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 5f.



99.6_

95

90

85

80

75

70|

65

%T

60 |

55

50

45 |

40 |

35|

30
277 T T T T 1
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 5f.

0 oMo

< qNr~oo -3 & LN © ~© o
7o) ) 00 00D Ot NN o . QoN
o OONNN «— «— — DN~ O O~ —
Y R R e I <t ® ONN
| NN Y (N [

[ 1] |

210 200 190 180 170 160 150 140 130 120 ‘I1Of1200)90 80 70 60 50 40 30 20 10 O -10
ppm

C NMR (101 MHz, CDCls) of compound 5f.

S44



811
86|
661
002
202
02
G0'Z
902
SY'Z\
U?'Z/r
R aA

aa
1]
612
05z
05z
zge!

=

\mr

A4

M?'Ql
1G9°G7
09'9f

)
617'9X
1597
¥S9
ov'L
Rl
evL

1A VA

GG'L
GG/
JASWA

S45

Fooz

Feoz

== Fo0l

o |

25

9.0

10.0 95

0.5

1.5 1.0

2.0

3.0

3.5

4.0

4.5

5.0

5.5
1 (ppm)

6.0

6.5

80 75 70

8.5

1.5

"H NMR (400 MHz, CDCls) of compound 5g.



105.2_
104 |

102 |
100 |
98
96 |
94 |
92|
90|
88|
86|
%T
84 |
82|
80|
78]
76 ]
74 ]
72
70 ]

68 ]
66.8

4000.0

T T
3000 2000

T
1500

T 1
1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound S5g.

I

210 200 190 180 170 160 150 140 130 120 110 100 90 8

1 (ppm)

0

70

60

50 40 30 20 10

C NMR (101 MHz, CDCls) of compound 5g.

S46



Gé8'g

18°G
18°S
88'G
68°S
G897
189
AN
1817

R

2.0

— Fi02z |

—= Fo0}

% Feoz |

0CO,Me

MeO

S47

I‘OL"E

Feo9 |

v0z |

10.0 95

1.0 05 00 -0

1.5

40 35 30 25

50 45

6.0 55
1 (ppm)

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 6b.



97.81_
97.5]

96.5 ]

96.0 |

95.5 |

95.0

94.5 |

94.0 |

T o35 |

9.5

92.0

91.5]

91.0

90.5

90.0 |
89.68

4000.0

T T T T
3000 2000 1500 1000

1
600.0

Infrared spectrum (Thin Film, NaCl) of compound 6b.

© o NS © ©
[2X=} ~o - S~ o wm ©
@ © oY~ o) N N @
g ToN - - 0w W< ©
- - - - - © WWw -
Vo AN [ I N I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 6b.

S48



18'€—
18Y
18Y
18'Y
18Y
88y
68'Y
68'v
68’y
86'G
86'G
66'G
66°G
009
009
109
c09
€€L
QS'L\
9€ L
4]
vl
vl
8Y'L
0S°2
96,
19°2

oCOo,Me

Ph

S49

EGle |

=0¢ |

Eeoc

Foo't

0L |

EFeey

Rovy i

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 6c.



99.8_

99

98 |

97 ]

96 |

95

94 |

93]

92

%T

91 |

90 |

89 |

88 |

87 |

86|

85 |

8.1 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 6c.
o NITNOMO T N O
(=) MONOOO T «~— <~ N D ©
O ~OOCOBNNOOS - °’ @
L IIFINNSAN 8 3 e
[ e I I [
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 6c¢.

S50



18'€—

€8’y
€8’y

a8’y

06°S
16°'G
c6’S
€6°G
¥6°S
¥6'G
ve'.
9¢’.
8¢C'L
yASW)
8¢€L
8¢,
8¢€L
8¢,

—_—

0CO,Me

Cl

S51

FG0'e

0¢ |

90z |

Foo'L

¥€9¢C

=860

10.0 95

40 35 30 25 20 15 10 05 00 -0

50 45

6.0 55
1 (ppm)

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 6f.



103.5_

102 |
100 |

98 |

96 |
94 |
92|
90|
88|
86|
84 |

T g
80
78]
76 ]
74 ]
72
70 ]
68|

66

63.57

400

T T T T
0.0 3000 2000 1500 1000

1
600.0

Infrared spectrum (Thin Film, NaCl) of compound 6f.

—155.94
—64.86
—55.02

L Ll

—16.38

210 200 190

180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 3
1 (ppm)

C NMR (101 MHz, CDCls) of compound 6f.

S52

0



99~
LUV

Gec—

8¢’G

ZV'Sl
LG'G7
99'9/

)
LV'QX
8y’ 9
1S9
6L,
6L,
V2L
V2L
V2L
Al
eV
vl
vl

E—

S53

—

L0}

L0

Foot

E00C |

Fzoe

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7a.



973_

96 |

94 |

92

90|

88 ]

86

84

82 ]

%T

80

78 |

76 |

74

72 |

70|

68 ]

65.94 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 7a.
< N O WK 00
T OON~NT—O © (2] © OO
338gRIEE g & 2Ekss
PR e R <~ < [N NENEN
NP AN R |~
" ) | - l ; |l .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 7a.

S54



GO~
LUV

¢8’€—

ey G~
0G°G-7
€69

€v'9
917'9\
LYo~

0597

069
16'9
6’9

¢6'9
'L
'L
8Y'L
8Y'L

— }60°€

== Fo00'}

MeO

S55

Feoe

80°¢ |

J Fue |

50 45

1 (ppm)

‘] EFeoe

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7b.



100.53 _

100.0 |
99.5 |
99.0 |
98.5 |
98.0
%T
97.5
97.0
96.5 |
96.0 |
95.5 |
9519 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 7b.
3 388 K823 25 e
3 33X 2eer 8 o i =<
- e+ v W< < NN
| RN AN N
AN
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 7b.

S56



VL~
8L

8Y'G~\
9G'G-7
6G°G

059
zg'gl
v59

(o)}
R
N~
S
o omo

¥0'€

B

00'L

= Fo0'}

S57

90¢ |

50 45

1 (ppm)

g 1‘09'6 |

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7.



103.2_

102 |
100
98 |
96 |
94 |
92 |
90 |
88 |
86|
84 |
82 |
%T
80
78]
76
74
72
704
68 |
66 |
64|
6107 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 7c.
{88 BXI2833 ® 9 ©w
— S BB WD NN DO O a @ N~
TITOONNNNN— — — (=2} — - -
B xR SRR LML < < S
e AN ] N2
M " A l A | A
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCl3) of compound 7e.

S58



L9~
81—

8¢S

8?'9&
ve'S-7
LQ'Qf

cv'9
Sv'9
917'9>
679
102
60
60'L7
L.
4]
120
GG'.L
9G6°.

S59

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7d.



88.6_

88 ]

87

86

85

84|

83

%T
82 ]

81

80

79 |

78 |

77

76.4

T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1

Infrared spectrum (Thin Film, NaCl) of compound 7d.

© @
RO OTOOoONQONS 8 & R8
(523 DOV OMD : :
8o BRI BN2LL22 o = IS
ce eoeRd oo S T NN
v S N L v

(N | S— i

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30 20 10 O -10
ppm

C NMR (101 MHz, CDCls) of compound 7d.

S60



99~
8L

8€¢C
68'Z>

Py G~
¢s'S 7
Gq'g

vb'9
L17'9§_
619

259

9L

912\
LL'HF
IR
gL/
9z 1]
YR
0"
GE'/
GE /-
1€

f

Sé61

E—

oot

00}

9L 1

[40)4

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7e.



104.6_

100 |

95

90

85

80

75

70|

%T
65

60 |

55

50

45 |

40 |

35 |

314

T T T T
4000.0 3000 2000 1500 1000

1
600.0

Infrared spectrum (Thin Film, NaCl) of compound 7e.

....... QD
G 60 00 O 00 G O 0 © © )
SBBARIILLE o =
Fr T < <

21.82
21.78
21.42

L
\

210 200 190 180 170 160 150 140 130 120 ‘I‘IOﬂzOO)QO 80 70 60 50 40 30
ppm

C NMR (101 MHz, CDCls) of compound 7e.

S62



89~
8L

ov's

917'9l
1G9°G7
69'9‘/

ov'9
817'9§
vv'9
L17:9

ve'L
QS'L&
9¢’.L

8Y'L
8v'.L
6v°'L
0S5°2
162,
1§

=/6'C

S63

é I—ZO:L

101

% Foo'l |

pp—- Al
Fzoz

i0¢ |

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7f.



921,

91

90

89

88 ]

87

86

85

T 84
83
82 ]
81
80
79 |
78|
77
763 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 7f.
DD ON O N~ ©
NMONODOTNOMNO© © «Q o<
SNY D DD OGS0 N @ NS
TOONNNN = — — o < =
T <~ < NN
SN I N2
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 7f.

S64



€L~
G681 —

1671
1671
86°L
66°L
vZ'8
vZ'8
vZ'8
9¢'8
ov'8
]
Iv'8

NO,

S65

e

—

E——

AN

Feot

Feot |

Foot

Y.
M m

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7g.



99.1_
98|
97
96 |
95|
94 |
93
92|
91 |
90|
89|
88|

T 87
86

85
84
83
82 ]
81
80
79 |

78 |
77

7547 T T T T 1
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 7g.

—49.45
—4167
2165
2135

Ll

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30 20
ppm

C NMR (101 MHz, CDCls) of compound 7g.

S66



0L'L—
16'L—

144"

8o\
6967
ZQ'Qf

969
69'9§
099
€99

4]
va'.L
692
042

cl'L
182
181
68°.L
10’8
10’8

S67

Y

L

—

=10€ |
86 |

EL0')

L0

Foo'l

EFl0c

FE0L |

Fsoe
=01

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7h.



106.9_
105 |

100 |

95

90

85

80

75

%T

70

65

60

55

50

45 |

40 |
38.0

4000.0

T T T T
3000 2000 1500 1000

1
600.0

Infrared spectrum (Thin Film, NaCl) of compound 7h.

< — (5}
ggdggghhhgRege > < <
W Lo |
. L
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 7h.

S68



0g'L
Gs'1
v9'L
89°1
89'1
89°1
€6'1
v6'L
9617
ve'z
vsz}
s
o5z
152
852
652
8971
oz'zj
AN
¥1°G
LG
GL'GY
G176y
91°G

917G+
LS
81'G

12°S
12°S
2es]
ze's

%S
16
61'G
0G°G-
116G
6.6
198G
¥8°G
60°2-
6021
o
AR
V2 L
V2 L
YA

S69

W

DO MmO
Sowo

2\) Fesel

~ T

1.5

50 45

1 (ppm)

10.0 95

-0

0.0

0.5

1.0

35 30 25 20

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7j.



98.8_
98 |

97

96 |

95

94 |

93]

92

91

90

T g9 |

88 ]

87

86

85

84

83
82 ]

81

80.3
T T T T 1
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 7j.

NOWYT T —ANN®DWY N O

OIOONUNETOTONN® NONONNON D WWD
M~ — N 0000 W W WSO OG0 ANMNWDO©MANQ®MN T~ ©
TTTONNNNNN«~ «— — — O ONT-OMOMN®©
B R R R R R N TEITTOOOOONN~ —
NP ARSI NN

R T O

210 200 190 180 170 160 150 140 130 120 1101200)90 80 70 60 50 40 30 20 10 O -10
ppm

C NMR (101 MHz, CDCls) of compound 7j.

S70



Ge'l—
89—

12°S
1C°S
LE'G
e’
ve'S
ve's
1€
18'97
88°G
L6'9l

G6°G

S71

=

=

Fog9o |
Foge |

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 7K.



101.38_
101.0 |
100.5 |
100.0 |
99.5 |
99.0 |
98.5 ]
98.0
97.5]
97.0
96.5 |
96.0 |

T 955
95.0
94.5

94.0 |
93.5
93.0
9.5
92.0
915
91.0

90.5 ]

89.75

4000.0

T T T T
3000 2000 1500 1000

Infrared spectrum (Thin Film, NaCl) of compound 7k.

1
600.0

® °& ER 5%
3 xw N o
~— ~— < < NN
| N/ Y4 N/
“ L
210 200 190 180 170 160 150 140 130 120 1O 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 7K.

S72



S73

—

EFi1e

Cl'e

Frou |

Fvou

E10°1

EL0L |

FooL |

zoe |

€0°¢

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 71.



98.4_

95

90

85

80

75 |

70|

%T

65

60 |

55

50

45 |

417 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 71.
< 00w ©© «@ N @ N
MOONNANN— — < N © — .
B R AR © <~ ISR [
[N \ | Il |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

BC NMR (101 MHz, CDCls) of compound 71.

S74



180

G8'0—

96’1
g9’
9’ L\

68°1

96'L—~
86" Lf
6v'¢

617'23'

8G'¢C

€€L
€eL
1€1
6€L
6€L
()
1AA
YA

J

— A

S75

80°¢

Foo'L

Foot

é Fosv |

Fooe |

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 8.



109.7_
109 |

108 |

107 |

106 |

105 |

104 |

103 |

102 |

101 |

%T

100 |

99

98 |

97 ]

96 |

95

94 |

93]

916

4000.0

T T T T
3000 2000 1500 1000

Infrared spectrum (Thin Film, NaCl) of compound 8.

—136.88
128.71
128.31
116.32
116.26
—47.32
—43.26

<

—29.47
2119

1
600.0

\-20.46

—8.76

210 200 190

180

170 160 150 140 130 120 10 100 90 80 70 60 50 40 3
1 (ppm)

BC NMR (101 MHz, CDCls) of compound 8.

S76

0



"6 punodwoo jo (0D “ZHIA 00%) AN H,

(wdd) L}

oL 491 0¢ &§¢ 0¢€ g€

oy G¥ 09 G99 09 99 0¢°

S/l

08

g

g0

0€C
Fue

) EgiLe

04—
88l —

_
©
N
(&)

S77



97.6_
95

90|

85

80

75 |

70|

65

60 |

%T

55

50

45 |

40 |

35|

30|

25

214

4000.0

—194.94

T T T T 1
3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 9.

0~ <t © N~ ©

ON©® N+~ — - © <
OV WV @ N RER
OOAN [°} N - ©
e [te) ® N
N Y I I (.

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

1 (ppm)

BC NMR (101 MHz, CDCls) of compound 9.

S78



8G'L—

vwré—

0ce
OZ'S\
vee
172"87
89°¢
69'€>
Z[S/
€L°€

9.°6—

99
G99
G99

G99
ov'L
L.
LV'L/r
AR

Zv' L]
e/
L]
Sy .
G2
o'
IR

S79

=91'¢

F6C'S

=ge'e |

EO00°L

FeoL |

50 45

1 (ppm)

FosL

=00 |

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 10.



96 |

94 |

92

90|

88 ]

86

84|

%T

82 ]

80

78 |

76 |

74

72 |

704 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 10.
[s2] N o © NS OD
< () 0 © VO T oW < < N N
te) [To) O OONTO 0o N o
[ © < < NANNANN o D D © —
- - - rrvr-- © 0 © ISR
I I . ~ N/ I [
‘ \A AMH‘J mh I o
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 10.

S8&80



(wdd) 13

0lLZ-
00z-
061
o8l
/LA
0ol
o5l
ovL]
oel
0zl
oLl
00L-

"01 punodwods jo (F10AD “ZHN 00¥) DGINH

(wdd) z3
ov &v

0g &G99 09 99

0L

G/

08

88

[

fﬁ.m@t%ﬁ

co
@

—

T

r

S81



(wdd) 13

"0 punodwod Jo (1D “ZH 00v) DOSH

(wdd) 2}
O'L- 00 oL 0¢ o€ oV 0'G 09 0L

0GL+
Ovl+
O€LA

B

4%
o_\_\..
oo_‘..
om..
om..
oz
oo..
om..
o#.. ® @
om.. & . do
0z- &

OL+

Ol-1

|
$82

1‘ ' il




(wdd) 13

gl

0¢

Gg'¢

01 punodwoo jo (S1DAD ‘ZHN 00%) ASHON

o€

g'¢e

oY

(wdd) zy
Sy

0'g

g'g

09

g9

0L

G/l

g8+~

S&3



1 XAVA
Vel
STAVA
ve'L

8€°L-F
L.
€v'.
Sv'L
Sv'.

|

N

S&4

E660

Foo't |

=95 |
Fsoe |

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound 11.



94.50 _

9.5

92.0 |

%T
915

91.0

90.5 |

90.0 |

89.5 |

89.12 ; ; ; ; .
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 11.

o © TOO®

= © OIT0Ho ~ — = L o
- © oDwOWON © @ N
~ ® A= < oo N ©
- - rvvv ~ <+ < N -
| | [~ | | N | |

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30 20 10 O -10
ppm

C NMR (101 MHz, CDCls) of compound 11.

S85



(wdd) 13

"T1 punodwod jo (10D ‘ZHN 00%) ASHON

(wdd) z3
00 g0 OL 91 0¢ 9¢ 0t G¢€ OV 4 09 99 09 99 0L G/ 08 98 06 96

)

.
[}

S86



81°¢

€L°G
V.S
G.°S
GG
9.°G
11°G
8.°G

Le'L
el
Ge'.L
6v°'L
LG~

092
092
9L
9L

S

Ph

Ph

N
N

S&7

F coe

F coz|

F ooty

I‘OQ'OL

50 45

1 (ppm)

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound SI-1.



99.8_
99

98 |

97 ]

96 |

95

94 |

93]

92

91
T 90|
89
88 ]
87
86
85

84

83

82
8L5 T T T T 1
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound SI-1.

42.46
42,01
—16.64

| L

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30 20 10 O -10
ppm

C NMR (101 MHz, CDCls) of compound SI-1.

S8&8



(wdd) 13

"I-1S punodwod jo (S1DAD “ZHIN 00%) ASHON

(wdd) z}
00 g0 OL 491 0O0¢c 9¢ 0¢ g¢ Ov 9¥ 09 99 09 69 0L S/ 08 98 06 96
o .
ml
1B&s. {
Y @ < ¢
Nl
@l .
) @ a%g _
..e&
G- -
@
.WI
b . 4 gy
fon &5
9K =T
_\l
ol 4 e

S&9



(A

8y’ ¢—

9€'¢
PARS
Lv'e
Iv'e

€G'¢
122K
8G'¢

8G°¢

169
169
169
¢6'9

vyl
Sv'.
Sv'L
'L

-

NC
NC

Ph

S90

Fsoe

EvoL
ELoL

I ULLJM_AL

Fsos

1B

Evoe |

50 45

1 (ppm)

00b |

10.0 95

25 20 15 10 05 00 -0

3.0

3.5

4.0

6.0 b5

6.5

80 75 70

8.5

9.0

1.5

"H NMR (400 MHz, CDCls) of compound SI-2.



96.8_
96 |

94 |

92

90 |
88 |
86|
T 84|
82 |
80 |
78]
76
74 |
72.0 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound SI-2.
N~ — OO M - O N0
) YN VLN N © ~ o S N
3 298 RRE I3 S 33 s8
- e e © <~ < SR
I VNN N I I Vo

210 200 190 180 170 160 150 140 130 120 11Of1200)90 80 70 60 50 40 30
ppm

C NMR (101 MHz, CDCls) of compound SI-2.

S91



	EnantioVicinalQuat_SI Part1_vs3
	3
	5a
	5b
	5d
	5e
	5f
	5g
	6b
	6c
	6f
	7a
	7b
	7c
	7d
	7e
	7f
	7g
	7h
	7j
	7k
	7l
	8
	9
	10
	10_HMBC
	10_HSQC
	10_NOESY
	11
	11_NOESY
	SI-1
	SI-1_NOESY
	SI-2



