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Part I. Experimental Section.

Materials and Methods. Unless stated otherwise, reactions were conducted in flame-dried
glassware under an atmosphere of nitrogen using anhydrous solvents (freshly distilled or passed
through activated alumina columns). All commercially obtained reagents were used as received
unless otherwise specified. Cesium fluoride (CsF), tetrakis(triphenylphosphine)palladium(0)
(Pd(PPh3)s4), and tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba);) were obtained from Strem
Chemicals. (1,3)-diphenylisobenzofuran ~ (21),  N-tert-butyl-a-phenylnitrone  (SI-3),
chlorotrimethylsilane  (TMSCI) were obtained from Alfa Aesar. N-(5-chloro-2-
pyridyl)bis(trifluoromethanesulfonimide) (Comins’ Reagent), n-butyllithium (n-BuLi),
potassium bis(trimethylsilyl)amide (KHMDS), N-Boc pyrrole (17), N-phenylpyrrole (15), 2,5-
dimethylfuran (19), dicyclopentadiene, dimethylphenylsilyl chloride (PhMe,SiCl), and allyl
chloroformate were obtained from Sigma Aldrich. Diisopropylamine and 1,4-
diazabicyclo[2.2.2]octane (DABCO) were obtained from Acros Organics. Indene (43) was
purchased from Combi-Blocks. (19), TMSCI, and diisopropylamine were distilled over CaH,
prior to use. Allyl chloroformate was dessicated with CaCl, and distilled prior to use. 17 was
filtered over basic alumina prior to use. Dicyclopentadiene was cracked and cyclopentadiene
(23) was stored at —80 °C prior to use. Reaction temperatures were controlled using an IKAmag
temperature modulator and, unless stated otherwise, reactions were performed at room
temperature (approximately 23 °C). Thin layer chromatography (TLC) was conducted with EMD
gel 60 F254 pre-coated plates (0.25 mm) and visualized using a combination of UV light,
anisaldehyde, and potassium permanganate staining. Silicycle Siliaflash P60 (particle size 0.040—
0.063 mm) was used for flash column chromatography. 'H-NMR and 2D-NOESY spectra were
recorded on Bruker spectrometers (at 300, 400, 500, and 600 MHz) and are reported relative to
the residual solvent signal. Data for 'H-NMR spectra are reported as follows: chemical shift (8
ppm), multiplicity, coupling constant (Hz) and integration. >’C-NMR spectra were recorded on
Bruker spectrometers (at 100 and 125 MHz) and are reported relative to the residual solvent
signal. Data for ?C-NMR spectra are reported in terms of chemical shift and, when necessary,
multiplicity, and coupling constant (Hz). '"F NMR spectra were recorded on Bruker
spectrometers (at 376 MHz) and reported in terms of chemical shift (& ppm). IR spectra were
obtained on a Perkin-Elmer UATR Two FT-IR spectrometer and are reported in terms of

frequency of absorption (cm'). Uncorrected melting points were measured using a Digimelt
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MPA160 melting point apparatus. DART-MS spectra were collected on a Thermo Exactive Plus
MSD (Thermo Scientific) equipped with an ID-CUBE ion source and a Vapur Interface
(IonSense Inc.). Both the source and MSD were controlled by Excalibur software v. 3.0. The
analyte was spotted onto OpenSpot sampling cards (IonSense Inc.) using CDCl; as the solvent.
Ionization was accomplished using UHP He (Airgas Inc.) plasma with no additional ionization
agents. The mass calibration was carried out using Pierce LTQ Velos ESI (+) and (-) Ion
calibration solutions (Thermo Fisher Scientific). Determination of enantiopurity was carried out
on a Mettler Toledo SFC (supercritical fluid chromatography) using a Daicel ChiralPak IC-3
column and a Daicel ChiralPak AD-3 column. Optical rotations were measured with a Rudolph

Autopol III Automatic Polarimeter.

Nitrones SI-2,' 54,> SI-4, SI-5,” S1-6,* SI-7," SI-8,’ azomethine imines 37° and 39,°
nitrile oxide 41,” imidazole carboxylate SI-14,® and (S)-(CF);-t-BuPHOX (47)° are all known
compounds. '"H-NMR spectral data matched those reported in the literature.
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Experimental Procedures.

A. Synthesis of Silyl Triflate 12.

l/\j:C’SiEta n-BuLi (1.05 equiv) (\:/Eo
0 )
o Br THF, -78 °C SiEt,

10 (84% yield) 11

Silyl ketone 11. To a solution of known silyl enol ether 10'° (5.6 g, 19.1 mmol, 1.0 equiv) in
THF (225 mL) at —78 °C was added n-BuLi (2.02 M in hexanes, 9.9 mL, 20.1 mmol, 1.05 equiv)
dropwise over 18 min. The solution was stirred for 43 min at —78 °C, then the reaction was
quenched with sat. ag. NaHCO3 (80 mL) and allowed to warm to 23 °C. The layers were then
separated and the aqueous layer was extracted with EtOAc (3 x 80 mL). The combined organic
layers were then dried over Na,SOs, filtered, and concentrated under reduced pressure. The
resulting crude oil was purified by flash chromatography (19:1 hexanes:EtOAc) to afford silyl
ketone 11 (3.4 g, 84% yield) as a colorless oil. Silyl ketone 11: Ry 0.29 (9:1 hexanes:EtOAc); 'H-
NMR (400 MHz, CDCl;): 6 4.20-4.09 (m, 2H), 3.92 (dd, J=11.4, 4.6, 1H), 3.74 (ddd, /= 11.4,
10.9, 4.0, 1H), 2.47 (ddd, J = 15.6, 10.9, 6.8, 1H) , 2.38-2.31 (m, 2H), 0.97 (t, J= 7.7 9H), 0.68
(q, J = 7.7, 6H) ; PC-NMR (100 MHz, CDCls): & 207.7, 68.1, 67.2, 44.5, 42.0, 7.4, 3.2; IR
(film): 2954, 2911, 2876, 1691, 1218 cm™'; HRMS—APCI (m/z) [M + H]" caled for C;Hy30,Si",
215.14618; found, 215.14678.

(\:/Eo i. LDA (1.2 equiv), THF, —78 °C (j:on
o SiEt, ii. Comins’ Reagent (1.4 equiv) o SiEt,

THF, -78 — 23 °C

11 (73% yield) 12
Silyl triflate 12. To a solution of diisopropylamine (1.30 mL, 9.1 mmol, 1.30 equiv) in THF (8.0
mL) at —78 °C was added n-BuLi (2.02M in hexanes, 4.20 mL, 8.4 mmol, 1.20 equiv) dropwise
over 7 min. The reaction was then stirred at —78 °C for 20 min and then allowed to warm to 23
°C. After stirring for 10 min at 23 °C, the reaction mixture was again cooled to —78 °C and a
solution of silyl ketone 11 (1.5 g, 7.01 mmol, 1.0 equiv) in THF (8.0 mL) was added dropwise
over 15 min and left to stir for 1.0 h at =78 °C. A solution of Comins’ Reagent (3.86 g, 9.81
mmol, 1.4 equiv) in THF (8.2 mL) was then added dropwise over 20 min at —78 °C. The reaction
was then stirred for 10 min at —78 °C before being warmed to 23 °C. After stirring for an

additional 14 h, the reaction mixture was quenched by the addition of sat. ag. NaHCOs3 (30 mL),
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and the layers were separated. The aqueous layer was extracted with Et;O (3 x 30 mL) and the
combined organic layers were dried over Na,SOs, filtered, and concentrated under reduced
pressure. The resulting crude oil was purified by flash chromatography (4:1 hexanes:benzene) to
give silyl triflate 12 (1.77 g, 73% yield) as a colorless oil. Silyl triflate 12: R, 0.55 (9:1
hexanes:EtOAc); "TH-NMR (400 MHz, CDCls): 6 5.67-5.65 (m, 1H), 4.25 (qt, J=16.1, 3.1, 2H),
3.96 (dd,J=11.2,4.7, 1H), 3.86 (dd, J=11.2, 4.7, 1H), 2.14-2.10 (m, 1H), 0.98 (t, J = 8.2, 9H),
0.68 (q, J = 8.0, 6H); "C-NMR (125 MHz): § 149.7, 118.7 (q, J = 318.3), 113.0, 66.7, 64.4,
28.5,7.3,2.9; "F-NMR (376 Hz, CDCl3): —73.5; IR (film): 2957, 2880, 1681, 1418, 1245, 1207
cm'; HRMS—APCI (m/z) [M + H]" caled for C,H,,F304Si", 347.09547; found, 347.09659

B. Diels—Alder Trapping Experiments.

Representative Procedure (Preparation of cycloadduct 16 is used as an example).

~
PhN<:|
—
15
A ot (10.0 equiv) AN .
o > N+-Ph
SiEt, CsF (5.0 equiv) o

CH4CN, 23°C,7.0 h H

12 (91% yield) 16
Cycloadduct 16. To a stirred solution of silyl triflate 12 (52.6 mg, 0.152 mmol, 1.0 equiv) and
N-phenylpyrrole (15, 217 mg, 1.52 mmol, 10.0 equiv) in CH3CN (1.52 mL) was added CsF
(115.0 mg, 0.759 mmol, 5.0 equiv). The reaction vessel was sealed with a PTFE lined cap and
allowed to stir at 23 °C for 7 h. The crude reaction mixture was then filtered by passage through
a plug of silica gel (EtOAc eluent, 10 mL). Concentration under reduced pressure yielded the
crude residue (3.8:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (5:1 hexanes:EtOAc) allowed for separation of the two diastereomers, which
were obtained in a total yield of 91% (average of two experiments). The major diastereomer 16
was obtained as a light yellow amorphous solid. Cycloadduct 16: R, 0.15 (5:1 hexanes:EtOAc);
'H-NMR (400 MHz, CDCl;): § 7.23-7.18 (m, 2H), 6.87-6.80 (m, 3H), 6.30 (dd, J = 5.6, 2.6,
1H), 5.97 (dd, /= 5.7, 2.1, 1H), 5.69-5.68 (m, 1H), 4.89 (br s, 1H), 4.71-4.70 (m, 1H), 4.25 (dt,
J=16.5, 2.1, 1H), 4.15 (dd, /= 9.4, 4.7, 1H), 3.96 (dt, J= 16.6, 3.0, 1H), 2.64-2.60 (m, 1H),
246 (t, J= 9.8, 1H); C-NMR (125 MHz, CDCL): & 146.8, 137.6, 135.0, 129.2, 128.4, 120.7,
117.7, 117.3, 67.9, 65.4, 64.96, 64.95, 38.6; IR (film): 3060, 3005, 2920, 1496, 1315 cm ';
HRMS-APCI (m/z) [M + H]" caled for C;sH;eNO™, 226.12264; found, 226.12161.
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The structure of 16 was verified by 2D-NOESY, as the following interaction was observed:

O

All reactions were monitored by TLC until starting material was consumed; the specific
times are listed in the reaction scheme for each reaction. Any modifications of the conditions
shown in this representative procedure are specified in the following schemes, which depict all of
the results shown in Table 1. For all compounds in which the diastereomeric ratios were >20:1,

the minor diastereomer was not observed in the 'H-NMR spectrum of the crude reaction mixture.

3
BocN
—
17
~ " (10.0 equiv) SN
0 > N+Boc
SiEt, CsF (5.0 equiv) o

CH4CN, 23°C, 4.0 h H

12 (74% yield) 18
Cycloadduct 18. Following concentration under reduced pressure, the crude residue was
obtained (6.2:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (5:1 hexanes:Et,O) allowed for separation of the two diastereomers, which
provided a total yield of 74% (average of two experiments). Major diastereomer 18 was obtained
as a clear oil. Cycloadduct 18: Ry 0.28 (9:1 hexanes:EtOAc); 'H-NMR (600 MHz, CDCl;): &
6.32 (br s, 1H), 5.99-5.95 (m, 1H), 5.61 (br s, 1H), 4.99-4.93 (m, 1H), 4.79-4.73 (m, 1H), 4.28
(dt, J=16.6, 2.1, 1H), 4.14 (dd, J = 9.6, 4.8, 1H), 3.95 (dt, J = 16.6, 2.9, 1H), 2.65 (br s, 1H),
2.36 (t, J=10.1, 1H), 1.43 (s, 9H); *C-NMR (125 MHz, CDCl;): & 155.1, 136.3, 135.5, 129.5,
128.3, 120.2, 117.0, 116.4, 80.6, 67.6, 65.0, 63.7, 63.0, 62.1, 61.6, 39.8, 39.3, 28.4; IR (film):
2978, 1738, 1599, 1319, 1160 cm'; HRMS—-APCI (m/z) [M + H] caled for Ci4HyNOs",
250.14377; found, 250.14536.
Note: 18 was obtained as a mixture of rotamers. These data represent empirically observed

chemical shifts from the "H-NMR and > C-NMR spectra.
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The structure of 18 was verified by 2D-NOESY, as the following interaction was observed:

\ 1
o N+Boc
Y H

: H
H

Me
19

C[o." (5.0 equiv) X 'g
o SiEt, _CsF (5.0 equiv) o

CH3CN, 23°C,5.5h H

Me
12 (86% yield) 20

Cycloadduct 20. Following concentration under reduced pressure, the crude residue was
obtained (9.2:1 dr, average of two experiments). Purification by flash chromatography (5:1
pentanes:Et,0O) allowed for separation of the two diastereomers, which afforded a total yield of
86% (average of two experiments). Major diastereomer 20 was obtained as a colorless oil.
Cycloadduct 20: Rr0.27 (9:1 hexanes:EtOAc); "H-NMR (500 MHz, CDCL;): & 6.13 (d, J= 5.4,
1H), 5.82 (d, J= 5.4, 1H), 5.48 (app q, J = 2.3, 1H), 4.28 (dt, J = 16.5, 2.1, 1H), 4.11 (dd, J =
9.3,4.7, 1H), 3.94 (dt, J= 16.4, 2.9, 1H), 2.45-2.41 (m, 1H), 2.36-2.32 (m, 1H), 1.63 (s, 3H),
1.62 (s, 3H); PC-NMR (125 MHz, CDCl;): & 143.5, 139.9, 132.8, 113.7, 86.8, 86.6, 67.2, 64.6,
46.5, 18.2, 14.8; IR (film): 2973, 2929, 2851, 1382, 1308 cm '; HRMS—APCI (m/z) [M + H]"
caled for C;1H140,", 179.10666; found, 179.10719.

The structure of 20 was verified by 2D-NOESY, as the following interaction was observed:
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Ph

~
)

Ph

Ph
21
(\:[ow (2.0 'equiv) S ﬁo
° Siet, _ CSF (5.0 equiv) o 1
Ph

CH3CN, 60 °C,2.5h

12 (97% yield) 22

Cycloadduct 22. Following concentration under reduced pressure, the crude residue was
obtained (2.0:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (9:1 hexanes:EtOAc) allowed for separation of the two diastereomers, which
provided a total yield of 97% (average of two experiments). Major diastereomer 22 was obtained
as a clear oil. Cycloadduct 22: Ry 0.36 (9:1 hexanes:EtOAc); 'H-NMR (500 MHz, CDCl;): &
7.88-7.86 (m, 2H), 7.65-7.63 (m, 2H), 7.53-7.45 (m, 5H), 7.43-7.41 (m, 1H), 7.25-7.21 (m,
2H), 7.17-7.14 (m, 1H), 7.01-6.99 (m, 1H), 5.71 (app q, J = 2.5, 1H), 4.45 (dd, J=9.8, 4.9, 1H),
434 (dt, J=16.9, 2.5, 1H), 3.87 (ddd, J = 16.6, 3.6, 2.9, 1H), 3.43-3.39 (m, 1H), 2.40 (t, J =
10.2, 1H); “C-NMR (125 MHz, CDCLs): & 148.1, 144.3, 142.5, 137.3, 134.1, 129.0, 128.72,
128.66, 128.6, 128.5, 127.6, 127.0, 126.4, 121.3, 118.6, 118.0, 90.2, 89.4, 67.0, 64.9, 46.3; IR
(film): 3060, 2923, 1734, 1448, 734 cm '; HRMS—APCI (m/z) [M + H]" calcd for CysH,,0,",
353.15361; found, 353.15563.

The structure of 22 was verified by 2D-NOESY, as the following interaction was observed:
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23
(i[OTf (5.0 equiv) B . N
© SiEt, CsF (5.0 equiv) o 0| | E |

CH,CN, 23°C,4.5 h H i

12 (83% yield) 24 SI-1

Cycloadducts 24 and SI-1. Following concentration under reduced pressure, the crude residue
was obtained (1.6:1 dr, average of two experiments). Purification by flash chromatography (30:1
pentane:Et,0), provided a total yield of 83% (average of two experiments) of 24 and SI-1 as an
inseparable mixture. 24 and SI-1 (inseparable mixture) were obtained as a colorless oil.
Cycloadducts 24 and SI-1: R, 0.62 (9:1 hexanes:EtOAc); 'H-NMR (300 MHz, CDCL): & 6.34
(dd, J= 5.7, 3.1, 1H, SI-1), 6.09-6.02 (m, 1H, 24, 1H, SI-1), 5.77 (dd, J= 5.5, 2.9, 1H, 24),
5.59-5.54 (m, 1H, SI-1), 5.48-5.44 (m, 1H, 24), 4.29 (dt, J = 15.9, 2.0, 1H, SI-1), 4.26 (dt, J =
16.4, 2.2, 1H, 24), 4.15-4.06 (m, 1H, 24, 2H, SI-1), 3.97 (dt, J = 16.9, 2.9, 1H, 24), 3.36 (br s,
1H, SI-1), 3.26 (br s, 1H, 24), 2.99 (dd, J = 10.6, 9.6, 1H, SI-1), 2.95-2.90 (m, 1H, 24), 2.70 (br
s, 1H, SI-1), 2.54-2.45 (m, 1H, 24), 2.41 (dd, J = 10.2, 8.7, 1H 24), 2.02-1.92 (m, 1H, SI-1),
1.63 (dt, J = 8.2, 1.6, 1H, 24), 1.59-1.54 (m, 1H, SI-1), 1.52-1.47 (m, 1H, 24), 1.41-1.37 (m,
1H, SI-1); “C-NMR (125 MHz, CDCL): & 142.6, 141.3, 138.7, 136.2, 132.8, 129.8, 114.9,
114.4, 69.0, 67.8, 65.2 (2C), 50.0, 49.1, 48.7, 47.4, 43.5, 41.9, 41.2, 40.9; IR (film): 3059, 2970,
2924, 2851, 1375 cm™'; HRMS-APCI (m/z) [M + H]" caled for CoH;30", 149.09609; found,
149.09597.

The structures of 24 and SI-1 were verified by 2D-NOESY, as the following interaction were

SI-1

observed:
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C. (3+2) Trappings with Nitrones.

Representative Procedure (Preparation of isoxazolidine 27 is used as an example).

Me\I
I
ON_
O"® “t+Bu Me
oTf SI-2
A (1.2 equiv) A
° CoF 5oequv) O NTEBu
iE sF (5.0 equiv
Sl GHgCN, 23°C, 45 h [
12 (85% yield) 27

Isoxazolidine 27. To a stirred solution of silyl triflate 12 (52.2 mg, 0.151 mmol, 1.0 equiv) and
nitrone SI-2 (20.8 mg, 0.181 mmol, 1.2 equiv) in CH3CN (1.51 mL) was added CsF (114 mg,
0.753 mmol, 5.0 equiv). The reaction vessel was sealed with a PTFE lined cap and allowed to
stir at 23 °C for 4.5 h. The reaction mixture was filtered by passage through a plug of silica gel
(EtOAc eluent, 10 mL). Concentration under reduced pressure yielded the crude residue (>20:1
dr, average of two experiments). Purification by preparative thin layer chromatography (5:1
hexanes:EtOAc) afforded isoxazolidine 27 as a clear, colorless oil (85% yield, average of two
experiments). Isoxazolidine 27: R 0.25 (9:1 hexanes:EtOAc); 'H-NMR (400 MHz, CDCl;): &
5.46-5.45 (m, 1H), 4.38-4.34 (m, 1H), 4.27 (dd, J=10.1, 5.9, 1H), 4.16 (dq, /= 16.3, 2.4, 1H),
4.07-4.01 (m, 1H), 3.74-3.70 (m, 1H), 3.11 (app t, J = 8.9, 1H), 1.29 (d, J = 6.4, 3H), 1.10 (s,
9H); C-NMR (100 MHz, CDCls): & 144.8, 114.1, 69.2, 66.5, 64.9, 58.8, 57.1, 25.9, 23.9; IR
(film): 2971, 2929, 2865, 1361, 1129 cm™'; HRMS-APCI (m/z) [M + H]" caled for C; HyNO,",
198.14886; found, 198.14936.

The structure of 27 was verified by 2D-NOESY, as the following interaction was observed:

HH
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t-Bu

0
N
0“@ t-Bu £Bu
ot 54
X (2.0 equiv) N
0 CoF (50equ) O NTEBu
i sF (5.0 equiv,
S cHyCN, 23°C, 45 h [
12 (77% yield) 28

Isoxazolidine 28. Following concentration under reduced pressure, the crude residue was
obtained (>20:1 dr, average of two experiments). Purification by flash chromatography (9:1
hexanes:EtOAc) afforded isoxazolidine 28 as a white powder in 77% yield (average of two
experiments). Isoxazolidine 28: Mp: 103-105 °C; Ry 0.14 (9:1 hexanes:EtOAc); "H-NMR (500
MHz, CDCls): 6 5.45 (s, 1H), 4.30—4.28 (m, 1H), 4.23-4.20 (m, 2H), 4.05-4.02 (m, 1H), 3.31 (s,
1H), 3.17 (t, J= 9.8, 1H), 1.03 (s, 9H), 0.95 (s, 9H); “C-NMR (125 MHz, CDCL): & 141.7,
117.6, 71.5, 70.9, 66.9, 64.7, 59.9, 34.3, 27.1, 26.9; IR (film): 2955, 2836, 1595, 1417, 1205 cm™
! HRMS—-APCI (m/z) [M + H]  caled for C14H,6NO,", 240.19581; found, 240.19751.

The structure of 28 was verified by 2D-NOESY, as the following interaction was observed:

Me MeH

Ph\l
I
©_N
0“® tBu Ph
oTf SI-3
X (2.0 equiv) N
° CoF 5oequy) O NTHBU
iEt sF (5.0 equiv
Sl GHgCN, 23°C, 7.0h ro
12 (84% yield) 29

Isoxazolidine 29. Following concentration under reduced pressure, the crude residue was
obtained (10.7:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (9:1 benzene:CH3;CN) allowed for separation of the two diastereomers, which
provided a total yield of 84% (average of two experiments). Major diastereomer 29 was obtained
as a white powder. Isoxazolidine 29: Mp: 111-112 °C; R, 0.43 (9:1 hexanes:EtOAc); 'H-NMR
(400 MHz, CDCls): 6 7.49-7.47 (m, 2H), 7.33—-7.30 (m, 2H), 7.25-7.22 (m, 1H), 5.44 (app quint,
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J=12.0, 1H), 4.62 (s, 1H), 4.50-4.46 (m, 1H), 431 (dd, J = 9.6, 5.6, 1H), 4.13—4.02 (m, 2H),
3.17 (app t, J = 9.4, 1H), 1.08 (s, 9H); *C-NMR (125 MHz, CDCl;): & 144.8, 143.8, 128.6,
127.3, 127.0, 115.5, 70.1, 66.3, 65.7, 65.0, 59.0, 26.2; IR (film): 2972, 2931, 2867, 1492, 1453
cm'; HRMS—APCI (m/z) [M + H]" caled for C¢H2,NO,", 260.16451; found, 260.16520.

The structure of 29 was verified by 2D-NOESY, as the following interaction was observed:

TsN
@J\
I
©_N

0“® t-Bu

Si-4
@:0" (2.0 equiv)
o SiEt, CsF (5.0 equiv)

CH3CN, 23°C,6.5h

12 (77% yield) 30

Isoxazolidine 30. Following concentration under reduced pressure, the crude residue was
obtained (>7.7:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (2:2:1 hexanes:benzene:Et,O) allowed for separation of the two diastereomers,
which provided a total yield of 77% (average of two experiments). Major diastereomer 30 was
obtained as a white foam. Isoxazolidine 30: R, 0.27 (5:1 hexanes:EtOAc); 'H-NMR (400 MHz,
CDCl): 6 7.98 (d, J= 8.3, 1H), 7.75-7.70 (m, 4H), 7.33-7.29 (m, 1H), 7.25-7.21 (m, 1H), 7.21-
7.16 (m, 2H), 5.55-5.52 (m, 1H), 4.87 (s, 1H), 4.51-4.45 (m, 1H), 4.30 (dd, /= 10.2, 5.6, 1H),
4.06-4.02 (m, 2H), 3.18 (app t, J = 9.0, 1H), 2.32 (s, 3H), 1.06 (s, 9H); *C-NMR (100 MHz,
CDCl): 6 144.8, 142.9, 135.8, 135.3, 129.8, 129.0, 126.8, 125.0, 124.8, 124.0, 123.1, 120.3,
115.6, 114.0, 69.8, 66.1, 64.2, 58.8, 58.2, 25.8, 21.5; IR (film): 2971, 2931, 2868, 1445, 1363
cm'; HRMS—APCI (m/z) [M + H]" caled for CosHaoN,04S", 453.18425; found, 453.18223.
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The structure of 30 was verified by 2D-NOESY, as the following interaction was observed:

©_N
0“@ t-Bu

Sl-5
@:cﬁ (1.2 equiv)
0 SiEt, CsF (5.0 equiv)

CH4CN, 23°C,7.0h
12 (96% yield) 31

Isoxazolidine 31. Following concentration under reduced pressure, the crude residue was
obtained (2.8:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (2:2:1 hexanes:CH,Cl,:Et,0) allowed for separation of the two diastereomers,
which provided a total yield of 96% (average of two experiments). Major diastereomer 31 was
obtained as a white powder. Isoxazolidine 31: Ry 0.33 (5:1 hexanes:EtOAc); 'H-NMR (400
MHz, CDCl;): 6 8.13 (d, J= 8.5, 1H), 8.06 (d, J= 7.8, 1H), 7.86 (d, J= 8.9, 1H), 7.80 (dd, J =
8.2, 1.3, 1H), 7.70 (ddd, J=9.0, 7.8, 1.4, 1H), 7.51 (ddd, /= 9.0, 7.5, 1.2, 1H), 5.66 (app quint, J
=2.0, 1H), 5.02-5.01 (m, 1H), 4.60-4.56 (m, 1H), 4.35 (dd, J=10.0, 5.5, 1H), 4.07 (app q, J =
2.6, 2H), 3.21 (dd, J=10.2, 9.0, 1H), 1.10 (s, 9H); >C-NMR (100 MHz, CDCL;): & 163.0, 147.6,
143.3, 136.8, 129.6, 129.1, 127.82, 128.76, 126.3, 120.1, 117.2, 70.5, 68.5, 66.3, 65.1, 59.1, 26.0;
IR (film): 3061, 2971, 2866, 1597, 1502 cm'; HRMS-APCI (m/z) [M + H]" caled for
C1oH23N,05", 311.17540; found, 311.17394.
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The structure of 31 was verified by 2D-NOESY, as the following interaction was observed:

31

[

N
®

SI-6 .
(j:o" (2.0 equiv) N
o Sigt, _ CSF (5.0 equiv) ° o

CH4CN, 23°C,4.5 h H

eo/

12 (79% yield) 32

Isoxazolidine 32. Following concentration under reduced pressure, the crude residue was
obtained (8.7:1 dr, average of two experiments). Purification by sequential preparative thin layer
chromatography (99:1 CHCl3:MeOH, eluted once, then 19:1 Et;O:EtOAc, eluted twice) allowed
for separation of the two diastereomers, which provided a total yield of 79% (average of two
experiments). Major diastereomer 32 was obtained as a colorless oil. Isoxazolidine 32: R, 0.26
(19:1 Et,O:EtOAc); 'H-NMR (500 MHz, CDCly): § 5.62-5.57 (m, 1H), 4.45-4.39 (m, 1H),
4.23-4.15 (m, 3H), 4.09—4.03 (m, 1H), 3.29-3.19 (m, 2H), 3.09 (dd, J = 10.0, 9.6, 1H), 2.11-
2.03 (m, 1H), 1.91-1.82 (m, 1H), 1.81-1.71 (m, 2H); "C-NMR (125 MHz, CDCls): & 143.5,
116.2, 69.1, 66.9, 66.6, 64.7, 58.1, 32.2, 25.3; IR (film): 3032, 1695, 1414, 1229, 1109 cm ';
HRMS-APCI (m/z) [M + H]" caled for CoH s2NO,", 168.10191; found, 168.10434.

The structure of 32 was verified by 2D-NOESY, as the following interaction was observed:
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|
N

SI-7
(j:ow (2.0 equiv)
° Siet, _CSF (5.0 equiv)

CH3CN, 23 °C, 5.0 h

12 (94% yield) 33

Isoxazolidine 33. Following concentration under reduced pressure, the crude residue was
obtained (5.3:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (4:1 benzene:CH3CN) allowed for separation of the two diastereomers, which
provided a total yield of 94% (average of two experiments). Major diastereomer 33 was obtained
as a colorless oil. Isoxazolidine 33: Ry 0.53 (1:1 hexanes:EtOAc); 'H-NMR (400 MHz, CDCl):
0 7.29-7.19 (m, 2H), 7.18-7.13 (m, 2H), 5.34 (app quint, J = 2.2, 1H), 5.00 (br s, 1H), 4.54-4.46
(m, 1H), 4.35 (dd, J = 10.3, 5.5, 1H), 4.25 (dq, J = 16.9, 2.4, 1H), 3.99 (dq, J = 16.9, 2.6, 1H),
3.21 (ddd, J = 10.1, 4.5, 3.8, 1H), 3.07-2.98 (m, 2H), 2.84 (ddd, J = 11.7, 10.5, 3.0, 1H), 2.73
(dt, J=16.2, 3.5, 1H); "C-NMR (100 MHz, CDCl;): & 141.0, 134.4, 131.9, 128.6, 128.1, 127.2,
126.3, 119.3, 71.7, 68.9, 64.7, 64.4, 51.3, 28.9; IR (film): 3023, 2964, 2923, 1494, 1454 cm ';
HRMS-APCI (m/z) [M + H]" caled for C14H;NO,", 230.11756; found, 230.11828.

The structure of 33 was verified by 2D-NOESY, as the following interaction was observed:
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Ph \r,,CFs
|
(g’g‘m
e Ph
oTf Sl-8 ~CFs
A (2.0 equiv) A
0 - > N—Me
SiEt, CsF (5.0 equiv) o o
CH4CN, 23°C, 7.5 h H

12 (85% yield) 34

Isoxazolidine 34. In this reaction, nitrone SI-8 was utilized as a mixture of double bond isomers
(5:1 ratio, major isomer depicted). Following concentration under reduced pressure, the crude
residue was obtained (5.5:1 dr, average of two experiments). Purification by preparative thin
layer chromatography (5:1 hexanes:EtOAc) allowed for separation of the two diastereomers,
which provided a total yield of 85% (average of two experiments). Major diastereomer 34 was
obtained as a white solid. Isoxazolidine 34: Mp: 67-68 °C; R, 0.37 (9:1 hexanes:EtOAc); 'H-
NMR (500 MHz, CDCl3): 8 7.67-7.62 (m, 2H), 7.42-7.38 (m, 3H), 6.03—6.00 (m, 1H), 4.63—
4.57 (m, 1H), 4.41 (dt,J=17.3,2.4, 1H), 4.32 (dd, J=9.9, 5.4, 1H), 4.20 (dt, J = 17.3, 2.9, 1H),
3.25 (app t, J = 9.4, 1H), 2.62 (s, 3H); C-NMR (125 MHz, CDCls): 139.3, 133.0, 129.3,
128.74, 128.72, 128.6, 125.2 (q, J = 287), 122.8 (q, J = 1.6), 70.7, 66.1, 64.9, 41.4; IR (film):
2971, 2875, 1450, 1268, 1157 cm™'; HRMS—APCI (m/z) [M + H]" caled for C,7H,F3NO,",
286.10494; found, 286.10572.

The structure of 34 was verified by 2D-NOESY, as the following interaction was observed:
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D. Additional (3+2) and (2+2) Trapping Experiments.

Representative Procedure (Preparation of pyrazolidine 38 is used as an example).

Ph«%
’[l@
Ph

(o)

ot 37 X
Kj[ (1.2'equiv) N
’ 0o N’
° SiEt, _ CsF (5.0 equiv) ) >’J

CH3CN, 23 °C,5.0 h

12 (76% yield) 38

Pyrazolidine 38. To a stirred solution of silyl triflate 12 (51.3 mg, 0.148 mmol, 1.0 equiv) and
azomethineimine 37 (31.0 mg, 0.178 mmol, 1.2 equiv) in CH3CN (1.48 mL) was added CsF (112
mg, 0.740 mmol, 5.0 equiv). The reaction vessel was sealed with a PTFE lined cap and allowed
to stir at 23 °C for 5 h. Then, the crude reaction mixture was filtered by passage through a plug
of silica gel (EtOAc eluent, 10 mL). Concentration under reduced pressure yielded the crude
residue (7.6:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (2:1 benzene:CH3CN) allowed for separation of the two diastereomers, which
were obtained in a total yield of 76% (average of two experiments). The major diastereomer 38
was obtained as a colorless oil. Pyrazolidine 38: Ry 0.12 (1:1 hexanes:EtOAc); 'H-NMR (400
MHz, CDCl3): 6 7.41-7.31 (m, 5H), 5.61-5.55 (m, 1H), 4.78 (dd, J = 10.2, 4.8, 1H), 4.31-4.22
(m, 3H), 4.20-4.11 (m, 1H), 3.54-3.44 (m, 2H), 3.05 (app q, J = 9.2, 1H), 2.70-2.55 (m, 2H);
BC-NMR (100 MHz, CDCl3): § 167.9, 141.3, 138.5, 129.1, 128.5, 128.0, 119.7, 72.0, 65.1, 51.8,
49.7, 49.6, 34.7; IR (film): 3060, 2981, 2927, 1678, 1453 cm'; HRMS—APCI (m/z) [M + H]"
caled for CisH7N,O,", 257.12845; found, 257.12933.

The structure of 38 was verified by 2D-NOESY, as the following interaction was observed:
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t-BuQc;\?
|
N@
t-Bu

(o)

oTf 39 N
(ji (5.0 equiv) N
- (o) N’
o SiEt, _ CsF (5.0 equiv) ) >’J

CH3CN, 23°C, 5.0 h

12 (83% yield) 40

Pyrazolidine 40. Following concentration under reduced pressure, the crude residue was
obtained (>20:1 dr, average of two experiments). Purification by preparative thin layer
chromatography (2:1 benzene: CH3;CN) afforded Pyrazolidine 40 as a white powder in 83% yield
(average of two experiments). Pyrazolidine 40: Mp: 120-122 °C; Ry 0.15 (1:1 hexanes:EtOAc);
'H-NMR (400 MHz, CDCLs): § 5.57 (app quint, J = 2.0, 1H), 4.88 (dd, J = 10.7, 5.4, 1H), 4.27
(dq, J=16.8, 2.4, 1H), 4.14-4.06 (m, 1H), 3.93-3.85 (m, 1H), 3.67-3.58 (m, 1H), 3.42 (dd, J =
10.6, 9.8, 1H), 2.91-2.77 (m, 3H), 2.57-2.45 (m, 1H), 0.93 (s, 9H); “C-NMR (100 MHz,
CDCl;): 6 164.0, 138.0, 120.7, 78.9, 65.7, 65.2, 56.3, 51.1, 35.3, 35.2, 26.3; IR (film): 2955,
2868, 1679, 1445, 1421 cm™'; HRMS-APCI (m/z) [M + H]" calced for C13H2N,O,", 237.15975;
found, 237.16054.

The structure of 40 was verified by 2D-NOESY, as the following interaction was observed:

Me

oTt
Cj (2.0 equiv) | Me
° SiEt, CsF (5.0 equiv) o /

CH;CN, 23°C,4.5 h

\
=z

12 (91% yield) 42
Isoxazoline 42. Purification by preparative thin layer chromatography (5:1 hexanes:EtOAc)

afforded isoxazoline 42 as a clear, colorless oil (91% yield, average of two experiments).
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Isoxazoline 42: R, 0.36 (9:1 hexanes:EtOAc); 'H-NMR (500 MHz, CDCl): & 6.94-6.90 (m,
2H), 5.60-5.58 (m, 1H), 5.02-4.96 (m, 1H), 4.55 (dd, J = 9.6, 5.4, 1H), 4.36 (ddd, J = 18.4, 4.6,
2.4, 1H), 4.20 (ddd, J = 18.4, 5.0, 3.0, 1H), 3.35 (app t, J = 9.3, 1H), 2.31 (s, 3H), 2.20 (s, 3H),
2.18 (s, 3H); "C-NMR (100 MHz, CDCl): & 156.7, 140.6, 139.2, 137.6, 137.3, 128.51, 128.48,
123.6, 120.1, 75.0, 66.0, 64.5, 21.2, 20.0, 19.7; IR (film) 2975, 2865, 1736, 1612, 1113 cm ';
HRMS-APCI (m/z) [M + H]" caled for C;sH7NO,", 244.13321; found, 244.13475.

43 H
oTf
(j: (5.0 equiv) A
0 SiEt, CsF (5.0 equiv) O
CH4CN, 23 °C, 6.5 h H H
12 (96% yield) 44

Cyclobutane 44. Following concentration under reduced pressure, the crude residue was
obtained (5.2:1 dr, average of two experiments). Purification by successive preparative thin layer
chromatography (20:5:1 hexanes:CH,Cl,:Et,0, eluted twice) allowed for separation of the two
diastereomers, which provided a total yield of 96% (average of two experiments). Major
diastereomer 44 was obtained as a colorless oil. Cyclobutane 44: R;0.48 (9:1 hexanes:EtOAc);
'H-NMR (500 MHz, CDCl;): & 7.30-7.23 (m, 1H), 7.21-7.12 (m, 3H), 5.47-5.42 (m, 1H), 4.32—
426 (m, 1H), 4.19—4.10 (m, 2H), 3.83-3.75 (m, 1H), 3.63-3.59 (m, 1H), 3.34-3.25 (m, 2H),
321 (app t, J = 9.8, 1H), 3.07-3.00 (m, 1H); "C-NMR (125 MHz, CDCly): & 146.0, 145.9,
141.4, 126.8, 126.7, 125.3, 123.5, 113.0, 66.9, 65.5, 50.1, 49.3, 48.8, 37.3; IR (film): 3067, 3041,
2939, 2844, 1480 cm'; HRMS—APCI (m/z) [M + H] caled for Ci4H;s0”, 199.11174; found,
199.11236.

The structure of 44 was verified by 2D-NOESY, as the following interaction was observed:
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E. Synthesis of the Allylation Substrates.
In addition to 45, enol carbonates SI-11, SI-12, and SI-13 were prepared in order to determine
the optimal substrate and conditions for the asymmetric allylic alkylation. The enol carbonates

were then tested in the subsequent Pd-catalyzed allylic alkylation in Section F.

0CO,allyl 0__0
S CE L
snst3 SiMe,Ph SiMeﬂ\
51-11 SI-12 RERN

DABCO (2.3 equiv)

o O (2. ) OSiMe,Ph
(:/[ PhMe,SiCl (1.6 equiv) (I
o Br DMF, 23 °C o Br

9 (59% yield) SI-9

Silyl enol ether SI-9. To a stirred solution of known bromo ketone 910 (300 mg, 1.68 mmol, 1.0
equiv) in DMF (1.52 mL) and PhMe,SiCl (0.45 mL, 2.68 mmol, 1.6 equiv) was added DABCO
(432 mg, 3.85 mmol, 2.3 equiv). The reaction vessel was then purged with N, and sealed with a
PTFE lined cap, before allowing it to stir at 23 °C. After 12 h, the mixture was cooled to —40 °C
for 10 min before quenching the reaction with sat. NaHCOs3 (2.0 mL) and water (4.0 mL). The
layers were then separated and the aqueous layer was then extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with water (2 x 10 mL) and brine (1 x 10 mL), before
being dried with Na,SO,, filtered, and concentrated under reduced pressure. The resultant crude
oil was purified via flash chromatography (19:1 hexanes:EtOAc) to afford silyl enol ether SI-9 as
a colorless oil (308.5 mg, 59% yield). Silyl enol ether SI-9: R;0.48 (9:1 hexanes:EtOAc); 'H-
NMR (500 MHz, C¢Dg): 6 7.59-7.53 (m, 2H), 7.20-7.14 (m, 3H), 4.10—4.07 (m, 2H), 3.27 (t,J =
5.5, 2H), 1.83-1.77 (m, 2H), 0.37 (s, 6H); "C-NMR (125 MHz, C¢Dg): & 145.1, 137.5, 133.7,
130.3, 98.8, 69.8, 64.7, 32.9, —0.5; IR (film): 3071, 2964, 2828, 1675, 1428 cm'; HRMS—APCI
(m/z) [M + H]" caled for C;3H;sBrO,Si", 313.02540; found, 313.02630.
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(o} DABCO (2.3 equiv) OTMS
Cﬁ TMSCI (1.6 equiv) @:
° Br DMF, 23 °C 0 Br

9 (85% yield) SI-10

Silyl enol ether SI-10. To a stirred solution of known bromo ketone 910 (100 mg, 0.559 mmol,
1.0 equiv) and TMSCI (0.11 mL, 0.894 mmol, 1.6 equiv) in DMF (0.51 mL) was added DABCO
(144 mg, 1.28 mmol, 2.3 equiv). The reaction vessel was then purged with N, and sealed with a
PTFE lined cap, before allowing it to stir at 23 °C. After 22 h, the mixture was cooled to —40 °C
for 10 min and quenched with sat. ag. NaHCO; (0.5 mL) and deionized water (0.5 mL). The
layers were then separated and the aqueous layer was extracted with EtOAc (3 x 3 mL). The
combined organic layers were washed with water (2 x 5 mL) and brine (1 x 5 mL), before being
dried with Na,SOy, filtered, and concentrated under reduced pressure. The resultant crude oil was
purified via flash chromatography (19:1 hexanes:EtOAc) to afford silyl enol ether SI-10 as a
colorless oil (119.1 mg, 85% yield). Silyl enol ether SI-10: R, 0.49 (9:1 hexanes:EtOAc); 'H-
NMR (400 MHz, C¢Dg): 6 4.10 (t, J= 2.3, 2H), 3.35 (t, /= 5.5, 2H), 1.86-1.81 (m, 2H), 0.10 (s,
9H); C-NMR (100 MHz, C¢Dg): & 144.7, 98.2, 69.4, 64.4, 32.6, 0.4; IR (film): 2968, 2861,
1675, 1265, 1252 cm™'; HRMS-APCI (m/z) [M + H] caled for CgH;sBrO,Si*, 253.00770;
found, 253.00876.

OSiEt. i- n-BuLi (1.05 equiv) o o}
| ® " THF, -78°C _ | \(
(0] ) o)

Br ii. allyl chloroformate (1.5 equiv) SiEf,
-78 > 23°C j\
10 (81% yield) SI-11 NS

Enol carbonate SI-11. To a solution of known silyl enol ether 10" (330 mg, 1.13 mmol, 1.00
equiv) in THF (13.2 mL) at —78 °C was added n-BuLi (2.24 M in hexanes, 0.527 mL, 1.18
mmol, 1.05 equiv) dropwise over 2.0 min. The solution was stirred for 34 min at —78 °C, before
neat allyl chloroformate (0.180 mL, 1.69 mmol, 1.5 equiv) was then added dropwise over 1 min
and the reaction was allowed to stir for 1.0 h at —=78 °C, before warming to 23 °C. After stirring
for 2.0 h, the reaction was quenched with water (10 mL). The layers were then separated and the
aqueous layer was extracted with EtOAc (3 x 10 mL). The combined organic layers were then
dried over Na,SO,, filtered, and concentrated under reduced pressure. The resulting crude oil
was purified by flash chromatography (19:1 hexanes:EtOAc) to afford enol carbonate SI-11
(273.1 mg, 81% yield) as a colorless oil. Enol carbonate SI-11: R, 0.58 (5:1 hexanes:EtOAc);
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"H-NMR (600 MHz, CDCL,): § 5.99-5.91 (m, 1H), 5.39 (dq, J = 17.2, 1.4, 1H), 5.30 (dq, J= 1.4,
1.3, 1H), 4.66 (dt, J = 5.9, 1.3, 2H), 4.22 (t, J = 2.6, 2H), 3.85 (t, J = 5.6 6H), 2.41 (s, J = 2.6,
2H), 0.93 (t, J = 8.0, 9H), 0.62 (q, J = 8.0, 6H); *C-NMR (100 MHz, CDCls): § 152.9, 151.7,
131.5, 120.1, 119.4, 68.8, 67.5, 64.3, 28.1, 7.4, 3.0; IR (film): 2954, 1754, 1657, 1228, 1161 cm
' HRMS-APCI (m/z) [M + H]" caled for CisHy704Si", 299.16731; found, 299.16694.

@EOS'M‘*Z"“ i. n-BuLi (1.1 equiv), THF, ~78 °C @[OCO@IIyI
o Br ii. allyl chloroformate (1.5 equiv),-78°C O SiMe,Ph
S-9 (56% yield) Si-12

Enol carbonate SI-12. To a solution of silyl enol ether SI-9 (150.0 mg, 0.479 mmol, 1.00 equiv)
in THF (5.6 mL) at —78 °C was added n-BuLi (2.22 M in hexanes, 0.237 mL, 0.527 mmol, 1.1

equiv) dropwise over 1.0 min. The solution was stirred for 20 min at —78 °C, then neat allyl
chloroformate (76.6 pL, 0.718 mmol, 1.5 equiv) was added dropwise over 1 min and the reaction
was allowed to stir at =78 °C. After stirring for 4.0 h, the reaction was quenched with water (4.0
mL) at —78 °C. The layers were then separated and the aqueous layer was extracted with EtOAc
(3 x 10 mL). The combined organic layers were dried over Na,SOy, filtered, and concentrated
under reduced pressure. The resulting crude oil was purified by flash chromatography (15:1
hexanes:EtOAc) to afford enol carbonate SI-12 (84.6 mg, 56% yield) as a colorless oil. Enol
carbonate SI-12: R;0.31 (9:1 hexanes:EtOAc); 'H-NMR (500 MHz, CD;CN): § 7.54-7.49 (m,
2H), 7.39-7.31 (m, 3H), 5.92-5.82 (m, 1H), 5.33-5.27 (m, 1H), 5.25-5.21 (m, 1H), 4.47-4.43
(m, 2H), 4.17-4.14 (m, 2H), 3.78-3.75 (m, 2H), 2.32-2.27 (m, 2H), 1.92 (app quint, J = 2.4,
2H), 0.34 (s, 6H); "C-NMR (125 MHz, CD;sCN): § 153.4, 153.3, 138.2, 134.7, 132.8, 130.3,
128.8, 121.8, 119.3, 69.4, 67.6, 64.8, 28.7, —2.8; IR (film): 2958, 2855, 1755, 1428, 1253 cm ';
HRMS-APCI (m/z) [M + H]" caled for C17H»304Si", 319.13601; found, 319.13757.

(j[osmes i. n-BuLi (1.1 equiv), THF, 78 °C | 0\(0
0 . W) 78 °C (o) [o)
Br ii. allyl chloroformate (1.5 equiv), -78 °C SiMes\I\
SI-10 (62% yield) SF13 Y

Enol carbonate SI-13. To a solution of silyl enol ether SI-10 (60.0 mg, 0.239 mmol, 1.00 equiv)
in THF (2.8 mL) at —78 °C was added n-BuLi (2.25 M in hexanes, 0.117 mL, 0.263 mmol, 1.1

equiv) dropwise over 2.0 min. The solution was stirred for 21 min at —78 °C, then neat allyl
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chloroformate (38.2 pL, 0.385 mmol, 1.5 equiv) was added dropwise over 1 min and the reaction
was allowed to stir at =78 °C. After stirring for 3.0 h, the reaction was quenched with water (2.0
mL). The layers were then separated and the aqueous layer was extracted with EtOAc (3 x 5
mL). The combined organic layers were then dried over Na,SOy, filtered, and concentrated under
reduced pressure. The resulting crude oil was purified by flash chromatography (15:1
hexanes:EtOAc) to afford enol carbonate SI-13 (37.7 mg, 62% yield) as a colorless oil. Enol
carbonate SI-13: R 0.29 (9:1 hexanes:EtOAc); 'H-NMR (500 MHz, C¢Ds): 8 5.68-5.59 (m, 1H),
5.07 (dq, J=17.2, 1.7, 1H), 4.91 (dq, J = 10.3, 1.2, 1H), 4.36 (dt, /= 5.8, 1.4, 2H), 4.13 (t, J =
2.6, 2H), 3.55 (t, J = 5.6, 2H), 2.26-2.21 (m, 2H), 0.06 (s, 9H); >*C-NMR (125 MHz, C¢Ds): &
153.3, 152.1, 131.9, 122.4, 118.7, 68.5, 67.0, 64.2, 28.3, —1.5; IR (film): 2956, 2856, 1755, 1252,
1231 ecm™'; HRMS-APCI (m/2) [M + H] " caled for C1,H2004Si", 257.12036; found, 257.12173.

OSiEts j p.BuLi (1.1 equiv), THF, - 78 °C OYO
o | ii. T o0 | o)

o)
Br J\ SiEtl
10 (/;lN o/\( (15 equiv) 45 ph

N

Ph
SI-14
BF3-Et,0 (1.5 equiv), THF, —78 °C

(51% yield)

Enol carbonate 45. To a solution of silyl enol ether 10 (601.0 mg, 2.05 mmol, 1.00 equiv) in
THF (24.1 mL) at —78 °C was added n-BuLi (2.19 M in hexanes, 1.03 mL, 2.25 mmol, 1.1
equiv) dropwise over 1.0 min. The solution was stirred for 45 min at —78 °C, then a solution of
the known imidazole carboxylate® SI-14 (702 mg, 3.07 mmol, 1.50 equiv) and BF3*Et,0 (390
pL, 2.25 mmol, 1.5 equiv) in THF (4.0 mL) that was prestirred for 35 min (at 23 °C) was added
dropwise over 5 min and the reaction was allowed to stir at —78 °C. After stirring for 3.0 h the
reaction was quenched with water (10.0 mL) at —78 °C. The layers were separated and the
aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic layers were then
dried over Na,SO,, filtered, and concentrated under reduced pressure. The resulting crude oil
was purified by flash chromatography (19:1 hexanes:EtOAc) to afford enol carbonate 45 (391
mg, 51% yield) as a colorless oil. Enol carbonate 45: Ry 0.54 (9:1 hexanes:EtOAc); 'H-NMR
(500 MHz, CDCls): & 7.47-7.43 (m, 2H), 7.38-7.29 (m, 3H), 5.60 (br s, 1H), 5.44 (q, J = 1.0,
1H), 5.10 (d, /= 0.9, 2H), 4.20 (t, J = 2.6, 2H), 3.82 (t, J = 5.5, 2H), 2.39-2.34 (m, 2H), 0.89 (t,
J =128, 9H), 0.57 (q, J = 7.6, 6H); C-NMR (100 MHz, CDCl3): § 152.9, 151.6, 142.1, 137.8,
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128.7, 128.3, 126.2, 120.1, 116.4, 69.6, 67.5, 64.3, 28.1, 7.4, 3.0; IR (film): 2953, 1755, 1656,
1230, 1165 cm'; HRMS-APCI (m/z) [M + HJ  caled for C, H3 04Si", 375.19861; found,
357.20141.

F. Pd-Catalyzed Decarboxylative Allylic Alkylation
i. Racemic Reactions Toward a-Silyl Substituted Ketones
Representative Procedure for Racemic Reactions (Preparation of silyl ketone SI-15 used as

an example)

i |
o)LoM Pd(PPhs), (10 mol%) a
N SiEty toluene, 23 °C > SiEty
o (83% yield) o
SI-11 rac-SI-15

Silyl Ketone rac-SI-15. In a nitrogen-filled glovebox, an oven-dried 1-dram vial was equipped
with a stir bar, enol carbonate SI-11 (100 mg, 0.335 mmol, 1.0 equiv), and toluene (1.7 mL).
Then Pd(PPh;) (38.7 mg, 0.034 mmol, 10 mol%) was added slowly in one portion, before
sealing the vial with a PTFE-lined cap. The reaction was then allowed to stir for 20 h at 23 °C
before the addition of hexanes (2 mL). After stirring for 2 min, the crude reaction mixture was
filtered by passage through a plug of silica gel (Et;O eluent), and concentrated under reduced
pressure. The resulting crude oil was purified via flash chromatography (19:1 hexanes:EtOAc),
to provide silyl ketone rac-SI-15 as a colorless oil (70.5 mg, 83% yield). Silyl ketone rac-SI-15:
R/ 0.58 (5:1 hexanes:EtOAc); 'H-NMR (500 MHz, CDCL): & 5.77-5.67 (m, 1H), 5.05-4.96 (m,
2H), 4.19—4.13 (m, 1H), 4.10 (dd, /= 11.8, 1.3, 1H), 3.76 (d, J = 11.7, 1H), 3.69 (ddd, J = 11.4,
11.4, 4.0, 1H), 2.99-2.93 (m, 1H), 2.55 (ddd, J = 16.6, 11.5. 7.7, 1H), 3.32 (ddd, J = 16.6, 4.0,
2.0, 1H), 1.92 (dd, J = 14.1, 8.8, 1H), 1.00 (t, J = 7.9, 9H), 0.80-0.66 (m, 6H); *C-NMR (125
MHz, CDCls): 6 208.7, 135.3, 117.6, 71.2, 67.0, 50.5, 41.3, 35.1, 7.8, 2.9; IR (film): 2956, 1682,
1211, 1187, 1005 cm '; HRMS-APCI (m/2) [M + H]" calcd for C14H»60,Si", 255.17748; found,
255.17914.
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X |
S
0" Yo F Pd(PPhs), (10 mol%) 9
A SiMe,Ph toluene, 23 °C o SiMe,Ph
o (44% yield) o
SIl-12 rac-Sl-16

Silyl ketone rac-SI-16. Purification by preparative thin layer chromatography (9:1
hexanes:EtOAc) afforded silyl ketone rac-SI-16 as a colorless oil (44% yield). Silyl ketone rac-
SI-16: R 0.14 (3:1 hexanes:EtOAc); 'H-NMR (500 MHz, CDCl;): & 7.55-7.51 (m, 2H), 7.43—
7.35 (m, 3H), 5.69-5.59 (m, 1H), 5.004.90 (m, 2H), 4.07 (dd, J = 11.8, 1.4, 1H), 4.05-4.00 (m,
1H), 3.70 (d, J=11.7, 1H), 3.68-3.62 (m, 1H), 2.88 (ddt, J = 14.2, 5.5, 1.6, 1H), 2.22-2.18 (m,
2H), 1.88 (dd, J = 14.3, 8.7, 1H), 0.49 (s, 3H), 0.42 (s, 3H); C-NMR (125 MHz, CDCL;): &
208.5, 135.1, 134.8, 134.7, 129.8, 127.9, 117.6, 71.2, 67.0, 50.4, 40.7, 34.7, -3.6, —4.8; IR (film):
3071, 2963, 2853, 1681, 1428 cm '; HRMS—APCI (m/z) [M + H]" caled for C;sH»0,Si",
275.14618; found, 275.14746.

(0]
OJ\O/\/ Pd(PPh3), (10 mol%) a
B SiMe, toluene, 23 °C > SiMe;
o (68% yield) 0

SI-13 rac-SI-17

Silyl ketone rac-SI-17. Purification by flash chromatography (15:1 hexanes:EtOAc) afforded
silyl ketone rac-SI-17 as a colorless oil (68% yield). Silyl ketone rac-SI-17: Ry 0.26 (9:1
hexanes:EtOAc); '"H-NMR (500 MHz, CDCl;): § 5.77-5.67 (m, 1H), 5.05-4.96 (m, 2H), 4.19—
4.13 (m, 1H), 4.07 (d, J=11.8, 1H), 3.78 (d, /= 11.8, 1H), 3.70 (ddd, J=11.6, 11.6, 3.9, 1H),
2.85(dd, J=14.2, 5.4, 1H), 2.54-2.45 (m, 1H), 2.36-2.29 (m, 1H), 1.89 (dd, J = 14.3, 8.8, 1H),
0.13 (s, 9H); PC-NMR (125 MHz, CDCls): § 208.5, 135.0, 117.7, 71.1, 67.1, 50.1, 41.2, 34.5, —
2.5; IR (film): 3076, 2925, 2853, 1682, 1251 cm '; HRMS—APCI (m/z) [M + H]" caled for
C11H20,Si", 213.13053; found, 213.13138.
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0
O)J\O/Y Pd(PPhs), (10 mol%) Q Ph
X SiEt; Ph toluene, 23 °C > SiEts
o (42% yield) o
45 rac-46

Silyl ketone rac-46. Purification by preparative thin layer chromatography (9:1 hexanes:EtOAc)
afforded silyl ketone rac-46 as a colorless oil (42% yield). Silyl ketone rac-46: Ry 0.34 (9:1
hexanes:EtOAc); 'H-NMR (600 MHz, CDCL3): § 7.32-7.27 (m, 4H), 7.26-7.22 (m, 1H), 5.20
(d, J=1.4, 1H), 5.07 (s, 1H), 3.98-3.92 (m, 2H), 3.74-3.69 (m, 2H), 3.41 (ddd, J=11.1, 11.1,
4.9, 1H), 2.44 (d, J= 14.4, 1H), 2.36 (ddd, J=17.6, 10.7, 8.2, 1H), 1.94 (ddd, J=17.7, 4.8, 2.5,
1H), 1.02 (t, J = 7.9, 9H), 0.84-0.69 (m, 6H); "C-NMR (125 MHz, CDCL;): & 208.3, 147.0,
141.7, 128.1, 127.5, 127.4, 116.8, 70.3, 66.1, 50.7, 40.1, 35.7, 7.8, 2.8; IR (film): 2955, 2877,
1680, 1444, 1188 cm '; HRMS-APCI (m/z) [M + H] calcd for C,H3,04Si", 331.20878; found,
331.20983.

ii. Additional Asymmetric Allylic Alkylation Optimization Reactions.

Representative Procedure for Optimization Reactions for Table 3, Table S1, Table S2, and
Table S3.

In a nitrogen-filled glovebox, an oven-dried 1-dram vial was equipped with a stir bar, ligand
(6.25 pmol, 12.5 mol %), Pdx(dba); (2.50 umol, 5 mol %), and toluene (0.75 mL). The vial was
then capped with a PTFE-lined cap and stirred at 23 °C for 30 min before cooling to the desired
temperature. A solution of enol carbonate starting material (0.05 mmol, 1 equiv) in toluene (0.75
mL) was slowly added over 1 min to the catalyst mixture. The vial was sealed with a PTFE-lined
cap and stirred at the desired temperature for 20 h. The crude reaction mixture was filtered
through a silica plug, eluted with Et,O, and concentrated under reduced pressure. 1,3,5-
Trimethoxybenzene was used then added and used as an external standard in quantitative NMR

analysis.
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Table S1. Additional Optimization Experiments.

(o]
\/\oJ\o Pd,(dba)g (5 mol %) 2 siet,
SiEt, ligand (12.5 mol %) W\ F
solvent (0.033 M), temp.
o 20 h (0}
SI-11 SI-15
entry ligand solvent temp (°C) % conversion® % ee®

1 L1 toluene 23 >95 21
2 L2 toluene 23 >95 2

3 L3 toluene 23 >95
4 L4 toluene 23 >95 13

5 L5 toluene 23 >95
6 47 toluene 23 >95 62
7 L7 toluene 23 >95 53
8 L8 toluene 23 47 61
9 L9 toluene 23 >95 58
10 47 THF 23 >95 47
1 47 1,4-dioxane 23 >95 57
12 47 MTBE 23 >95 52
13 47 benzene 23 >95 60
14 47 2:1 hexanes:toluene 23 >95 61
15 47 toluene 0 >95 68
16 47 toluene -10 >95 70

2Conditions: enol carbonate (0.05 mmol), Pd,(dba); (5 mol %), and ligand (12.5 mol %) for 20 h.
bConversion determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as a standard.
°Determined by chiral SFC analysis of the isolated product.

| ~ 2
@—P N—/ NH  HN
A~ PPh,Ph,P

PPh, Ph,P

b

) o
PPh, \\7
PPh, Q—P N—/
O © *—napthy!

(S)-tBu-PHOX (L1) L2 L3 L4 L5
CF3 OMe CF;
CF,
(o} o o
\ 9 »
FsC P N—/ FsC P Ny o FsC P N
. A (CeFs)P N/ ¢ A~
/N F
CF3 CF3 CF3

(S)-(CF3)5-t-Bu-PHOX (47) L7 L8 L9




Yamano et al.: Strained oxacyclic allenes — Supporting Information — S28

Table S2. Testing Alternative Palladium Sources.

0
Pd source (5 mol %) 0 SIEt
N SiEts (S)-(CF3)5-t-BuPHOX (12.5 mol %) ' 3\/
Toluene (0.033 M), 0 °C
o 20 h o
SI-11 SI-15
entry Pd source % conversion® % ee’
1 Pd,(dba); >95 68
2 Pd(dmdba),® >95 68
3 Pdy(pmdba); >95 68
4 [PdCI(allyl)], <10 -

aConditions: enol carbonate(0.05 mmol), Pd source (5 mol %), and ligand (12.5 mol %) for 20 h.
bConversion determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene
as an external standard.

°Determined by chiral SFC analysis of isolated product.

dUsed 10 mol% of Pd source.
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Table S3. Substrate, Temperature, and Concentration Optimization Experiments.

OY Pdy(dba); (5 mol%) or Pd(dmdba), (10 mol%)? o
o | o ligand (12.5 mol%) ‘/\jsma
*%

(o)
. > 0 ”
S'R3k toluene (conc.), temperature »_(
R' R'

SI-18 SI-19

Entry  Ligand SiR3 R’ temperature conc. (M) %ee” yield®
1 L1 SiEt; H 23°C 0.033 25 51%
2 47 SiEt; H 23°C 0.033 62 85%
3 47 SiMe,Ph H 23°C 0.033 58 69%
4 47 SiMe; H 23°C 0.033 70 88%
5 47 SiMe; H -10°C 0.005 75 85%
6 47 SiEt; H -10°C 0.005 74 95%
7 47 SiEt; Ph -10°C 0.005 81 75%

CF;

\j} ©
©_P N F30—©—P r}\)
tBu at-Bu
(S)-tBu-PHOX (L1) CF,

(S)-(CF5)5-tBu-PHOX (47)

“Reactions perfomed at 23 °C utilized Pd,(dba)s, while reactions performed at —10 °C
utilized Pd(dmdba),. Utilizing different palladium sources did not have an observable effect
on enantioselectivity (see Table S2 for details) and was only utilized to aid purification.
PEnantiomeric excesses (ee’s) were determined by SFC analysis using a chiral stationary
phase (see Sl for details).

Yields were determined by TH NMR analysis using 1,3,5-trimethoxybenzene as an external
standard.
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iii. Optimized Decarboxylative Allylic Alkylation Reactions.
Representative Procedure for Pd-Catalyzed Decarboxylative Allylic Alkylation Reactions

(o}
N 0 ¢
Y\o (o) SlEt:;
Ph . \.I/
Ph
(o}

ﬁTSiEta
45 46

Pd(dmdbay), (10 mol %)
(S)-(CF3)5-t-BuPHOX (12.5 mol %)

Toluene (0.005 M), -10 °C
24 h

(o}

In a nitrogen-filled glovebox, an oven-dried scintillation vial was equipped with a stir bar, (S)-
(CF3)3--BuPHOX ligand (3.70 mg, 6.25 umol, 12.5 mol %), Pd(dmdba), (4.08 mg, 5.00 umol,
10 mol %), and toluene (0.75 mL). The vial was then sealed with a PTFE-lined cap and stirred at
23 °C. After 30 min, the catalyst mixture was diluted with 8.5 mL of toluene and cooled to —10
°C. A solution of enol carbonate starting material (0.05 mmol, 1 equiv) in toluene (0.75 mL) was
added dropwise to the catalyst mixture. The vial was sealed with a PTFE-lined septum cap and
stirred at —10 °C for 24 h. The crude reaction mixture was filtered through a silica plug (Et,O
eluent), concentrated under reduced pressure, and purified by flash chromatography to furnish
the product. Silyl ketones SI-15, SI-16, SI-17, and 46 spectral data matched those previously
reported (same as pages S24—S26).

Method . . .
Method Retention | Enantiomeric
Compound Solvent Flow Times Ratio
Column/Temp. Rate (min) (er)
o |
SiEt, ChiralPak 3% 2.5
AD-3/40°C isopropanol . 2.81/3.13 49.1:50.9
o in CO, mL/min
rac-Sl-15
o )
i SiEt ChiralPak 3% 2.5
o . 2.80/3.12 87.0:13.0
. AD-3/40°C “"iir%%‘ﬁ"l ml/min
SI-15
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o
SiMe;Ph | ChiralPak 2% 3.5
o ; 7.47/9.01 50.4/49.6
E“ja IC-3/35°C isopropanol | Jmin
0 mn C02
rac-Sl-16
0 )
i _SiMe,Ph ChiralPak 2% 3.5
o ; 9.76/11.9 77.0/23.0
6]’ IC-3/35°C | isopropanol | ;o)
0 mn C02
SI-16
o |
SiMes ChiralPak 1% 2.5
o i 7.05/7.91 49.2/50.8
1C-3/40°C 1sqpr0pan01 ml/min
(o in CO,
rac-SI-17
0 )
2 SiMe; ChiralPak 1% 25
o i 6.67/7.67 87.7/12.3
f‘j/ 1C-3/40°C 1sqpr0pan01 mL/min
o in CO,
SI-17
SiEty Chiralcel 2% 2.5
o ; 4.37/4.93 50.8/49.2
1C-3/40°C | isopropanol | . .
(0] mn C02
rac-46
o )L
ke Ph . 0
oIt Chiralcel | 2% 2 | 447505 | 90397
1C-3/40°C 1sqpr0pan01 mL/min : : e
(0] mn C02
46
o |
SiEty
)
rac-SI-15
v 7
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ol
b J s - <
(o}
SiMe,Ph
(o}
rac-SI-16
120} [ -
100} |8
8 o
ML
=T
4
2%'(7J
0 1 2 3 4 5 7 8 9 10 1 12 13 14
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] [ [Min] | [Min] [Min] | [% Area] [uV] [ [uV-Min] [%]
1 UNKNOWN| 7.09 | 7.47 | 8.09 0.00 50.38 | 110.9 35.9| 50.385
2 UNKNOWN| 8.60 | 9.01] 9.71 0.00 49.62( 92.2 35.4| 49.615
Total 100.00 | 203.1 71.3 | 100.000

15
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SPW 0.20
STH 10.00

8 9 10 1 12 13 14
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] | [Min]| [Min] [Min] | [% Areal] [uV] | [uV.Min] [%]
2 UNKNOWN]| 9.76 | 10.17 | 10.78 0.00 77.01 71 29[ 77.005
1 UNKNOWN| 11.97 [ 12.34 | 12.96 0.00 22.99 2.2 0.9 22.995
Total 100.00 9.3 3.8 [ 100.000

SiMe,

o]
rac-SI-17

mAL
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100 ' &
120

1460 v . . v . v : . v . v : v . , y . v .
0 2 4 L L w

Signal 1: DAD1 A, Sig=210,8 Ref=360,100

Peak RetTime Type Width Area Height Area

Ph
SiEt,

rac-46

AL
§ A&

-10

40
o 1 2 3 4 L] L] r ™

Signal 1: DAD1 A, Sig=210,8 Ref=360,100

Peak RetTime Type Width Area Height Area
L 3 [min] [min] [mAU*s]) [mAU]) %

1 4.366 MF 0.2166 696.71619 53.61436 50.7874
2 4.927 M 0.2232 675.11218 50.40852 49.2126
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0
ﬁﬁ?’sma

46

G. Enantiospecific trappings
Preparation of Silyl Triflate 48
(o) oTf
i. KHMDS (1.2 equiv), THF, - 78 °C X
w - o
o ) Y ii. Comins’ Reagent (1.5 equiv) 0
SiEt; Ph THF, -78 — 23 °C SiEt; Ph
81% ee (64% yield) 81% ee
46 48

Silyl triflate 48. To a solution of KHMDS (7.31 mg, 0.0367 mmol, 1.20 equiv) in THF (0.1 mL)
at —78 °C was added silyl ketone 46 (10.1 mg, 0.0306 mmol, 1.00 equiv) in THF (0.1 mL)
dropwise over 1 min. The solution was stirred for 1 h at —78 °C, before a solution of Comins’
Reagent (18.0 mg, 0.0458 mmol, 1.50 equiv) in THF (0.1 mL) was added dropwise over 30 sec.
Following the addition, the cooling bath was removed and the reaction was allowed to stir at 23
°C. After stirring for 11 h, the reaction was quenched with sat. ag. NaHCO3; (1.0 mL). The
layers were then separated and the aqueous layer was extracted with EtOAc (3 x 4 mL). The
combined organic layers were dried over Na,SOs, filtered, and concentrated under reduced
pressure. The resulting crude oil was purified by preparative thin layer chromatography (9:1
hexanes:EtOAc) to afford silyl triflate 48 as a colorless oil (15.0 mg, 64% yield, 81% ee). Silyl
Triflate 48: R, 0.48 (9:1 hexanes:EtOAc); 'H-NMR (500 MHz, CDCls): § 7.36-7.22 (m, 5H),
549 (app t, J=5.8, 1H), 5.23 (d, J = 1.1, 1H), 5.13 (s, 1H), 3.97 (d, J = 3.0, 2H), 3.72 (d, J =
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11.8, 1H), 3.54 (d, J=11.8, 1H), 3.02 (d, J = 14.2, 1H), 2.68 (d, J = 14.2, 1H), 1.02 (t, J = 7.9,
9H), 0.72 (q, J = 7.9, 6H); C-NMR (100 MHz, CDCl3): & 151.3, 146.4, 143.4, 142.7, 128.2,
126.7, 118.4 (q, J = 320), 117.1, 110.7, 70.2, 64.2, 36.5, 36.3, 8.1, 2.6; '"F-NMR (376 Hz,
CDCls): —74.9; IR (film): 2955, 2878, 1739, 1366, 1216 cm '; [0]***—4.00° (¢ = 1.00, CH,CL,).

Representative Procedure (Preparation of cycloadduct 51 is used as an example).

t-Bu\
®/N=\ 50 ,t-Bu
®0 t-Bu o—N
OTf (2.0 equiv) H
R CsF (5.0 equiv) | +Bu
o >
o (o}
SiEt, Ph CHZCN, 23°C,26 h
81% e (59% yield) on
4
8 21% ee
51

Isoxazolidine 51. To a stirred solution of silyl triflate 48 (14.2 mg, 0.031 mmol, 1.0 equiv) and
nitrone 50 (9.7 mg, 0.0614 mmol, 2.0 equiv) in CH3CN (0.30 mL) was added CsF (23.3 mg,
0.153 mmol, 5.0 equiv). The reaction vessel was sealed and allowed to stir at 23 °C for 26 h. The
reaction mixture was filtered by passage through a plug of silica gel (EtOAc eluent, 15 mL).
Concentration under reduced pressure yielded the crude residue (1.6:1 dr). Purification by
preparative thin layer chromatography (1:1 hexanes:CH,Cl,) allowed for separation of the two
diastereomers, which were obtained in a total yield of 59%. The major diastercomer 51 was
obtained as a colorless oil (21% ee). Isoxazolidine 51: Ry 0.12 (9:1 hexanes:EtOAc); 'H-NMR
(600 MHz, CDCl3): & 7.40-7.20 (m, 5H), 5.38 (d, J= 0.7, 1H), 5.30 (s, 1H), 5.13-5.11 (m, 1H),
4.40-4.34 (m, 1H), 4.23-4.17 (m, 2H), 3.82 (dd, J = 16.2, 2.9, 1H), 3.54 (s, 1H), 3.30 (s, 2H),
3.16 (app t, J = 9.6, 1H), 0.98 (s, 9H), 0.97 (s, 9H); "C-NMR (125 MHz, CDCl3): & 144.4,
141.5, 137.4, 128.5, 127.8, 126.1, 125.8, 115.0, 71.7, 67.7, 67.4, 67.2, 59.5, 53.4, 37.0, 36.0,
27.8, 26.9; IR (film): 2954, 1738, 1445, 1363, 1217, 1096 cm '; HRMS—APCI (m/z) [M + H]"
caled for Co3H33NO, ™, 355.25058; found, 355.25071. [0]*°p—4.00° (¢ = 1.00, CH,CL).
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The structure of 51 was verified by 2D-NOESY, as the following interaction was observed:

o—N

(o) Me
19 H
X oTf (10.0 equiv)
“ CsF (5.0 equiv) Me
° ) CH4CN, 23 °C, 12 h: o |
SiEt; Ph sCN, 23°C, 12.0
81% ee (37% yield) Ph
48 81% ee

52

Cycloadduct 52. Following concentration under reduced pressure, the crude residue was
obtained (>20:1 dr). Purification by preparative thin layer chromatography (5:1 hexanes:EtOAc)
afforded cycloadduct 52 as a colorless oil in 37% yield (81% ee). Cycloadduct 52: R, 0.35 (9:1
hexanes:EtOAc); 'H-NMR (500 MHz, CDCl;): & 7.42—7.38 (m, 2H), 7.36-7.27 (m, 3H), 6.17 (d,
J=5.4,1H), 5.85 (d, J = 5.4, 1H), 5.39-5.37 (m, 1H), 5.09-5.06 (m, 1H), 4.13—4.06 (m, 2H),
3.82 (dd, /= 10.1, 2.8, 1H), 3.30 (d, J = 16.7, 1H), 3.15 (d, J = 16.7, 1H), 2.51-2.46 (m, 1H),
2.40 (dd, J = 10.6, 9.3, 1H), 1.76 (s, 3H), 1.62 (s, 3H); *C-NMR (125 MHz, CDCL;): & 145.4,
141.3, 139.8, 138.6, 133.5, 128.4, 127.7, 125.9, 123.4, 113.7, 87.4, 85.7, 67.3, 67.2, 46.7, 34.2,
18.2, 17.5; IR (film): 2924, 2852, 1741, 1632, 1380 cm™'; HRMS—APCI (m/z) [M + H]" calcd for
Ca0H2305", 295.16926; found, 295.17032. [a]**®p +73.3° (¢ = 1.00, CH,CL,).
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The structure of 52 was verified by 2D-NOESY, as the following interaction was observed:

H,,
o |
Ph
52
Method Method Retention | Enantiomeric
Compound Solvent Times Ratio
Column/Temp. Flow Rate (min) (er)
/bBu
o—N
H t-Bu
i 5%
[ (ot | isopropanol | 3SmLimin | 5026629 | 49.7/50.3
in CO,
Ph
rac-51
,-Bu
Oo—N
H t-Bu
; 5%
[ (oat?aX | isopropanol | 3-SmLimin | 520/655 | 392/608
in CO,
Ph
51
Me
S
Me ; 5%
[ 531372221; isopropanol | 3-5mL/min | 5.41/680 | 49.9/50.1
in CO,
Ph
rac-52
Me
S
Me : 5%
[ 531372111; isopropanol | 35 mL/min |  6.06/6.91 90.7/9.3
in CO,
Ph
52
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t-Bu
/
Oo—N
H
t-Bu
o |
Ph
rac-51

50 |8
401 |8
3818
o~
2=
1%|(7J
0] f ‘
-10 | | a
0 1 2 3 4 5 6 7 8 9 10
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] | [Min] | [Min] [Min]| [% Area] [uV] | [uV.Min] [%]
1 UNKNOWN]| 4.81 | 5.02 | 5.33 0.00 49.74 48.7 9.7 | 49.742
2 UNKNOWN| 6.02 | 6.29 | 6.79 0.00 50.26 | 39.3 9.8 | 50.258
Total 100.00| 88.0 19.6 | 100.000
t-Bu
/
o—N
H
t-Bu
o |

20 1 2 3 4 5 6 7 8 9 10
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] | [Min] | [Min] [Min] | [% Area] [uV1] [uV.Min] [%]
1 UNKNOWN| 5.06 | 5.29 | 5.67 0.00 39.25| 65.6 12.8 | 39.249
2 UNKNOWN| 6.28 | 6.55 | 6.99 0.00 60.75| 83.3 19.7 | 60.751
Total 100.00 | 148.9 32.5| 100.000
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3
8
G
6lo|=
455
2
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] | [Min] | [Min] [Min] | [% Area] [uV] [ [pV.Min] [%]
1 UNKNOWN]| 5.17 | 5.41| 5.86 0.00 49.86| 115.6 19.3 | 49.859
2 | UNKNOWN| 6.56 | 6.80 | 7.45 0.00 50.14( 70.3 19.4| 50.141
Total 100.00 | 185.9 38.7 | 100.000
Me
"J7
Me
o |
Ph
52
50
40
3818
=)
2=
=
b 1 )
jiu N i
0 1 2 3 4 5 6 7 9 10 1 12 13 14
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] [ [Min] | [Min] [Min] | [% Area] [uV1] [pV.Min] [%]
1 UNKNOWN| 5.82 [ 6.06 | 6.42 0.00 90.73| 44.0 6.0 90.732
2 UNKNOWN]| 6.77 | 6.91| 7.20 0.00 9.27 3.0 0.6 9.268
Total 100.00| 47.0 6.6 | 100.000
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NMR Spectra:
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Current Data Parameters

cocomomorw
ORDO-ODONDL T NAME  MY-2018-020a-p-char
FEERRBB58D

S33S3Sscsos  EXPNO 20

PROCNO 1

§

F2 - Acquisition Parameters
1

Date_ 20180911
Time 20.07
(0] INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 52i
o ﬁ(sJLVENT s CDCI3
SiEt; DS 0
SWH 8012.820 Hz
11 FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85
DW 62.400 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
TDO 1
== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536
SF 400.1300184 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
e [
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
8 réﬁ rm —j ﬁ H
818|8 p2ip IS
&(8|8 8|5 & (3|
B =l ol |
i Current Data Parameters
Purified Product 13C NMR NAME MY-2018.020a.p-cha
0 NO 21
8 g 23 ~ o PROCNO 1
o @~ <= @
~ © © g ™~ F2 - Acquisition Parameters
‘ v \ / \ ' Date_ 20180911
Time 20.23
INSTRUM av400
PROBHD 5 mm PABBO BB/
0 PULPROG 29pg30
TD 65536
SOLVENT CDCI3
NS 256
o DS
. SWH 25252.525 Hz
S|Et3 FIDRES  0.385323 Hz
AQ 1.2976128 sec
RG 189.85
1 1 DW 19.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= == CHANNEL f{ ====:
SFO1 100.6243395 MHz
NUC1 13C
P1 10.00 usec
PLW1 52.00000000 W

CHANNEL f2
SFO2 400.1324008 MHz

NUC:

CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W

F2 - Processing parameters
S|

SF 100.6127570 MHz
WDW EM

1.00 Hz
1.40

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified Product 1H NMR

©
ro
o4

1004 & -
1.023

1.002 =
9.136 —
6.084 —

2.100

1.000 =

Purified product 13C NMR

149.72
122.4°
119.9:
—117.3!
114.8:
113.0:
—66.68
T—64.39
28.45
7.32
293

AL J L

ppm

Current Data Parameters
NAME  MY-2017-019a-p-char
EXPNO 3

PROCNO 1

F2 - Acquisition Parameters
Date_ 20180911

Time 20.27
INSTRUM av400
PROBHD 5 mm PABBO BB/

PULPROG 2930
TD

SOLVENT CDCI3
NS 4

DS 0

SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85

DW 62.400 usec
DE 6.50 usec
TE 98.7 K

298.
D1 2.00000000 sec
TDO 1
== CHANNEL f1 =====
400.1324008 MHz
H

S
NUC1
P1 15.00 usec
PLW1 13.00000000 W

F2 - Processing parameters
Sl 65536

SF 400.1300184 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Current Data Parameters
Al

ST-char-2
EXPN
PROCNO 1
F2 - Acquisition Parameters
Date_ 20181019
Time 10.36 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 29pg30

5536

SOLVENT CDCI3
NS 272
DS
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C

9.63 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz

NUC2

CPDPRG[2 waltz16

PCPD2 80.00 usec

PLW2 13.50000000 W
0.21094000 W

PLW13 0.13500001 W

F2 - Processing parameters
S|

SF 125.7577708 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Purified product 1H NMR

Current Data Parameters
NAME  MY-2018-036a-p-b2-c
EXPNO 30

PROCNO 1

F2 - Acquisition Parameters
Date_ 20180822

Time 2217
INSTRUM av400
PROBHD 5 mm PABBO BB/

PULPROG 2930
TD 52i
SOLVENT CDCI3
NS 8

DS 0

SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85

DW 62.400 usec
DE 6.50 usec
TE 98.3 K

298.
D1 2.00000000 sec
TDO 1

== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec

PLW1 13.00000000 W

F2 - Processing parameters
Sl 65536
SF 400.1300184 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
9 (g (2 [y (N @ (glaln) ()
&l el A P B =
i Current Data Parameters
Purified product 13C NMR NAME  MY-2017-016a-p-b2-:
©®W0 - N W EXPNO 4
S2IRN8A QN©o
BSOS N EREE PROCNO 1
SJAJII== N0
ﬁﬁﬁﬁﬁﬁﬁ CBDD

F2 - Acquisition Parameters
e 20171003

—146.76
37.61
——38.63

=
<C
~
<
~

Time 2.42h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!

SOLVENT CDCI3

N: 2800

S
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072

SF 125.7577727 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

PNORMONRDOEONDINONTOENVNDOWN® - 0D
233 BNIISERINDEBIIANTILIBTIRGII NAME  RRK-2018-030
B R N R R N Ry O R A R e EXPNO 103
CUBBBFFFFSFIEEF S F S F 0505050500~
eSSk e o P
F2 - Acquisition Parameters
Da te 20180925
Time 18.15
INSTRUM ave00
PROBHD 5 mm BB5
PULPROG 2930
TD 5!
SOLVENT CDCI3
NS 8
18 DS 0
SWH 12376.237 Hz
. FIDRES 0.188846 Hz
mixture of AQ 26476543 se0
rotamers DW 45300 usec
DE 6.50 usec
TE 95.2 K

295..
D1 2.00000000 sec
TDO 1

== CHANNEL f1 =
N 1H

P1 16.50 usec
PL1 -1.00 dB

PLIW  31.62277603 W
SFO1  600.1336008 MHz

F2 - Processing parameters
S| 65536

SF 600.1300273 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
L J \‘L‘—
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
2 5[ |g] slsl (&3 wf () 9
ol =l 1= e sll= =
5 Curren( Data Parameters
Purified product 13C NMR AME ~ RRK-2018-157
<+ EXF'NO 4
3 58358728 3§ 3 PROCNO !
I Sh<YmaAN=- S ©
- ®OOOOOO oo F2 - Acquisition Parameters
‘ ‘ \\\// \/ te_ 20181025
Time 138.07 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
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DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
18 DW 16.000 usec
e jmee
mixture of D1 2.00000000 sec
D11 0.03000000 sec
rotamers 00 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577735 MHz
WDW EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40
1 A, L (I 7 7T ” L

T T T T T T T T T T T T T T T T T T T T T T T
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Purified product 1H NMR Current Data Parameters

NN - OAN NNV ONNNN T DN DD — O OOWOW =N ON®T NAME MY-2018.2 19
DNN-PRONOPPOOON OOV AON - DIINRANN T - OO = O 08 65a-p-b
PRIl aARAAART-RE3833659IISISIIInNNGE EXPNO

B R T R R R R e R RN RN R NN RN N R N RNy PROCNO 1

TS =——

F2 - Acquisition Parameters
0181003

— }?ale,
ime
Me INSTRUM
PROBHD Z119248 0002 (
PULPROG 29
\ SOLVENT CDCI3
NS
DS 0
(o] SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3. 2767999 sec
H g\?\l 5 000
0 usec
Me DE 10.00 usec
20 TE 298.0 K
D1 2.00000000 sec
\ / TDO
SFO1 500.1330008 MHz
NU 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
S 65536
SF 500.1300146 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
9 (2 (9 ol SN
sl |4 ==l I el
i Current Data Parameters
Purified product 13C NMR NAME MY-2018.265a.p-b1-
~No oy ® N
L 5 o 8 3 8 PROCNO 1
8 e <o N © © <
- = - @ ® ©© ~ - F2 - Acquisition Parameters
\ ’ ‘ ‘ v \ / ‘ \ / Date_ 20181003
Time 13.59 h
INSTRUM avs|
PROBHD 2119248 _( 0002 (
29pg30
4 \ 5536
Me SOLVENT CDCI3
NS 64
DS 2
SWH 31250.000 Hz
AN FIDRES 0.953674 Hz
1.0485760 sec
HG 204.54
(0] DW 16.000 usec
DE 18.00 usec
TE 298.0 K
H D1 2.00000000 sec
Me D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
20 NUC1 13C
\ / 9.63 usec
PLW1 23.00000000 W
SF02 500.1330008 MHz
2
CPDPRG[Z waltz16
CPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W
F2 - Processing parameters
S|
SF 125.7577892 MHz
WDwW EM
SSB
LB 1.00 Hz
GB
PC 1.40
A [
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters

NAME RRK-2018-033
EXPNO 500
PROCNO 1
F2 - Acquisition Parameters
Date 0181003
Time
INSTRUM
PROBHD Z119248 0002 (
PBLPROG 2930
A SOLVENT  CDCI3
NS
DS 0
(0} SWH  10000.000 Hz
FIDRES 0.305176 Hz
AQ 3. 2767999 sec
H RG
Ph DW 50 ooo usec
DE 10.00 usec
22 TE 298.0 K
D1 2.00000000 sec
TD(
SFO1 500.1330008 MHz
NU 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
S 65536
SF 500.1300122 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T 1
10 9 6 5 4 3 2 1 0 ppm
2 2N (3] (9 Q
ifi Curren( Data Parameters
Purified product 13C NMR AME  RRK- 2018 021 2D
DOOVOOWNNONO—OWWMOS EXPNO
LIS 8BN8BLRE388883 0 —© © PROCNO 1
BLANST DB OBONIN G 0o N Q®x N
SITooIIIIIIIINT RS S © .
—rrrE e O ® © o < F2 - Acquisition Parameters
te_ 180204
Time 11.25h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
5!
Ph SOLVENT CDCI3
NS 00
DS 2
SWH 31250.000 Hz
\ FIDRES 0.953674 Hz
Q 1.0485760 sec
RG 204.54
0 DW 16.000 usec
DE 18.00 usec
TE 298.0 K
H D1 2.00000000 sec
D11 0.03000000 sec
Ph DO 1
SFO1 125.7722511 MHz
22 NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577892 MHz
WD! EM
SsB
LB 1.00 Hz
GB
PC 1.40
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S53

default proton parameters

Current Data Parameters
NAME ~ MY-2018-272a-p-b2-1
EXPNO 1

PROCNO 1

F2 - Acquisition Parameters
Date_ 20181016

Time 15.34
INSTRUM av300
PROBHD 5 mm PABBO BB-

PULPROG 2930
TD 65!
o SOLVENT CDCI3
NS 8
DS 0
SWH 5995.204 Hz
FIDRES 0.091480 Hz
AQ 5.4657025 sec
RG 12.7
DW 83.400 usec
DE 6.00 usec
TE 298.8 K
D1 2.00000000 sec
TDO 1
== CHANNEL f1 =
1H
16.00 usec
0dB
PL1W 9.31909847 W
SFO1 300.1318008 MHz
F2 - Processing parameters
S| 65536
SF 300.1300123 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.40
.
T T T T T T T T T 1
10 9 8 7 4 3 2 1 0 ppm
lole)  [ofn5(O(0(0)d) (3L D)3)
B o O = =1 = = e o = e P R
i Current Data Parameters
Purified product 13C NMR NAME MY-2018-272a-p-che
EXPNO 2
8R2EVRIRG RS PROCNO !
SNBIFBNDB =S
O©OOTTTTTT ST F2 - Acquisition Parameters
\\ ' \\/ /// te_ 20181028
Time 11.42h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
\ TD 65!
SOLVENT CDCI3
+ NS 160
o DS 2
a SWH 31250.000 Hz
= FIDRES 0.953674 Hz
H H AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
24 SI_-’ DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

‘M\ \' \H H

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S55

Purified product 1H NMR
oY -wono
88

—e
<

4.348
4.345
4.277
4.267
4.253
4.192
4.186

059

028
4.023
4.018
4.015
4.010
3.740
3.736
3.732
3.728
3.724
3.719
3.716
3.708
3.700
3.135
3.112
3.089
1.299
1.282
1.102

QDO
© B0 o
caaa
R

4.342
4.291

BNb YO
A R

4

r5.463
f5.458
4

| 5.454
|-4.384
|- 4.381
F4.378
4373
4370
4367
| 4.364
| 4.350
4356
4353
4352

1.000=
toag= 4
TeTE
3015
9.063= _,

Purified product 13C NMR

144.79
114.07
Z—66.52
T—64.86
58.80
57.11
_——25.94
T—23.94

_69.20
~

Me

N—#-Bu

T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Current Data Parameters
NAME  MY-2018-013a-p-char

EXPNO 50
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180916
Time 17.58
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930

TD 21

SOLVENT CDCI3
NS 8

DS 0

SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85

DW 62.400 usec
DE 6.50 usec

TE 98.3 K

298.
D1 2.00000000 sec
TDO 1
== CHANNEL 1 =

S 400.1324008 MHz
NUC1 H

P1 15.00 usec
PLW1 13.00000000 W

F2 - Processing parameters
Sl 65536

SF 400.1300184 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Current Data Parameters
NAM MY-2018-013a-p-cha
EXPNO 51

PROCNO 1
F2 - Acquisition Parameters
e 180916

Time 18.13
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 256

DS 0

SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85

DW 19.800 usec
DE 6.50 usec
TE 299.1 K

D1 2.00000000 sec
D11

0.03000000 sec
1

= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W

F2 - Processing parameters
S| 65536

SF 100.6127557 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S57

Purified product 1H NMR

NTONTON-ONDOND [ryr)
LHDPOORON-OWA = © o<
TYNANAANANNS S ™ — 3o
BOSTIISTISISTSSOS ~o

Current Data Parameters
NAME RRK-2018-015
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180124

Time 17.05
INSTRUM drx500
PROBHD 5 mm bb-Z Z800

.| PULPROG 2930
-Bu s 5
SOLVENT CDCI3
NS 8
\ g\%\IH 00%0 000 H.
—t 10000.000 Hz
N t Bu FIDRES 0.152588 Hz
(o] / AQ 3.2767999 sec
o RG 64
DwW 50.000 usec
H DE 6.00 usec
TE 2971 K
28 D1 2.00000000 sec
TDO 1
= == CHANNEL f1 =
N 1H
P1 13.30 usec
PL1
SFO1 500.3330020 MHz
F2 - Processing parameters
Sl 32768
SF 500.3300220 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JL M L J L
T T T T T T T T T T 1
10 9 8 6 5 4 3 2 1 0 ppm
8 8|8|8] 8|8 2|8
= =il = Sl
ifi Current Data Parameters
Purified product 13C NMR NAME  RRK.2018-013
© o EXPNO 6
z N $8588 885 PROCNO !
T = “S8Ya ¥NG
- - I~ © 00 oo F2 - Acquisition Parameters
| | NI/ IV o
Time 18.46 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
5!
SOLVENT CDCI3
t-Bu NS 100
DS 2
SWH 31250.000 Hz
\ FIDRES 0.953674 Hz
N t B Rg 1.0485760 sec
— = 204.54
o Vi u DW 16.000 usec
o DE 18.00 usec
TE 298.0 K
H D1 2.00000000 sec
D11 0.03000000 sec
28 TDO 1
SFO1 125.7722511 MHz
NUC1 13C

[T

10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec

PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S59

Purified product 1H NMR Current Data Parameters

T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

60 50 40 30 20 10  ppm

T C 0NN TN OO RN ONONNVRION TP ONRNDIDN - NORN-—INONNDUD DO
PPN N - - O PVIOVLITIVNCDIPIDNRNNOCOAN-—ODNANDINORRNOWLAND O TN NAME  MY-2018-001a-p-char
NS NNaQANNYNIIITONITIIIIIIIIIOoaa-—oooccococeeornao EXPNO 40
l\l\r\r\r\r\l\r\r\l\r\mmmmmvvcvvqqcvvvﬁwvvvﬁwqqqﬂvvﬂw‘ PROCNO 1
MN‘M%%#% F2 - Acquisition Parameters
Date_ 20180916
Time 17.37
Ph INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD
S(SJLVENT CDCI3
—_ N 4
/N t-Bu NS 4
o SWH 8012.820 Hz
FIDRES 0.151523 Hz
H AQ 3.2998369 sec
RG 189.85
DwW 62.400 usec
29 DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536
SF 400.1300177 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
1§ Lot L
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
el 9 ol xlulg 2 )
ailails = —lol<lai = |
i Current Data Parameters
Purified product 13C NMR NAM| MY-2018-001-13¢
—o —oqN ® EXPNO 1
% ol T N o= ©
35 onm o SHR85 ® PROCNO 1
IS¢ dda ¢ S8 <
- TeT [N A A N F2 - Acquisition Parameters
Vo NZ L
Time 13.59 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
5!
SOLVENT CDCI3
Ph NS 160
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
N—t-Bu RG 204.54
0 / DW 16.000 usec
(o) DE 18.00 usec
TE 298.0 K
H D1 2.00000000 sec
D11 0.03000000 sec
29 TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577721 MHz
WD! EM
SsB
LB 1.00 Hz
GB
PC 1.40
H )
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S61

Purified product 1H NMR

QN OM YT AR T rO T ANON IOV ONNOTOLYNOVNRWrIOOANTDOIND T O
DY OO0 RN - P PULNN -~ OORNINORNENPRINNENON - OV UIINODRODOAN O
NRNRAERREOOMOAUNAANNNN - rDHR D00 IIITIIITNMNBNOOOSA-m MO
NENNNNNNNNNNNENNNNENNNNNN OO D F S I IISIIISISIISSISOG BB~

‘*“*EE%WW\\W/M%/

=)
©
o4
]
w4
r
o

0.996 —
4.028

1.000 =

o

0.994 =
=
1.006. =
1.007 =
1.956 —
0.998 =
3.045 =
9.098 —

Purified product 13C NMR

TPV OWDO AN ® D
CBRANIN DN S~ A6 DO+ o © <
TAVUPVOTFTITOOWD ~e oo ~o
ITOOAANINNNS = = DO 0D 6=
B R BB G WD q N

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

Current Data Parameters
NAME ~ MY-: 2017 073a -p-char.

EXPNO

PROCNO 1

F2 - Acquisition Parameters

Da te_ 0180822
Time

INSTRUM av400

PROBHD 5mm PABBO BB/

PULPROG 2930

TD 21

SOLVENT CDCI3

NS 4

DS 0

SWH 8012.820 Hz

FIDRES 0.151523 Hz

AQ 3.2998369 sec

RG 155.85

DwW 62.400 usec

DE 6.50 usec

TE 98.6 K

298.
D1 2.00000000 sec
TDO 1

== CHANNEL f1 =====
400.1324008 MHz
H

NUC1
P1 15.00

usec
PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536

SF 400.1300184 MHz
DW EM

Wi

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Curren( Data Parameters

AM MY-: 2017 0733 p-cha
EXF'NO
PROCNO 1

F2 - Acquisition Parameters
e 180822

Time 11. 07
INSTRUM

PROBHD 5mm PABBO BB/
PULPROG zgpg30
TD 5!
SOLVENT CDCI3
NS 256

DS 0

SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85

DW 19.800 usec
DE 6.50 usec
TE 299.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TD 1

= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W

F2 - Processing parameters
S| 65536

SF 100.6127701 MHz
WDW EM

0

LB 1.00 Hz
0

PC 1.40
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S63

Purified product 1H NMR Current Data Parameters
BB eI IE ISRl r8358080RR 238 3RREBIBRISANEIIEEBE  NAME  MY-2018-009a-p-char
PSS RN BBNRNRRNR BN NhhBRITRCCEBOOOLNNBLBBLLNNNMNOCOONNN =S EXPNO 10
BBBBBNNNNNNNNNNNNNSNNNENNN OB B OB OO I I ITIITISITSISITISIST OG0+ PROCNO 1
F2 - Acquisition Parameters
Date_ 20180822
N\ Time 10.31
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 52i
SOLVENT CDCI3
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85
DW 62.400 usec
DE 6.50 usec
TE 98.5 K
D1 2.00000000 sec
/N —tBu oo 1
== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec
PLW1 13.00000000 W
J
F2 - Processing parameters
Sl 65536
SF 400.1300184 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
J\_L_J_AL
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
i | A F :
5|99 S|®| %) S SEREIE 5 o
slalsl-lalsl = = = =
Purified product 13C NMR A D e o cha
<« EXPNO "
= Eafgey 2 PROCNO 1
2] NS wowa r
- Moo on o F2 - Acquisition Parameters
‘ \ \\ / / / Date_ 20180822
Time 10.47
INSTRUM av400
N PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 256
DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85
DW 19.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
,N tBu = CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C
1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
J SFO2  400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W

F2 - Processing parameters
S| 65536

SF 100.6127574 MHz
WDW EM

SSB 0

LB 1.00 Hz

0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S65

Purified product 1H NMR Current Data Parameters

388 U35RR 283 RooNdbbs NAME_ RRK-2018-005 2D
© o I=999 Ao oalNRNKNG EXPNO 3
6166 FEFFTF BB Qe PROCNO 1
\V \\\/ \/ / \\\V/ F2 - Acquisition Parameters
Date_ 20180109
Time 19.40
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 29
D 65536
SOLVENT CDCI3
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 12.14
DwW 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300146 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
1 J 1
T T T T T T T T T T 1
10 9 8 7 6 5 4 3 1 0 ppm
S S5 alv]
= el -] ol
Purified product 13C NMR et Dt et o
_ _ EXPNO 6
2 g g g g 8 PROCNO 1
< 2 PGS
= = 2883

F2 - Acquisition Parameters
e 180110

T-58.06
—3220
—2526

<
X

Time 0.57h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!

SOLVENT CDCI3

N: 3000

S
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
WDW EM

SSB 0
LB 1.00 Hz

GB 0
PC 1.40
J .
-

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S67

Purified product 1H NMR Current Data Parameters

§ E § NAME  MY-2017-065a-p-char
SN~ EXPNO 3

¥ PROCNO 1

F2 - Acquisition Parameters
Date_ 20180826

Time 20.33
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 52i
SOLVENT CDCI3
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85
DW 62.400 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
TDO 1

== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec

PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536

SF 400.1300184 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
alg) S N (sg2le alofio)a
=l B = B . e <lail ==
i Current Data Parameters
Purified product 13C NMR NAME  MY-2017-065a-p-cha
5858835 sece = o Procno
OY-BINOD QoY @ o]
Fosnddaar P S <
ffffffff ~NOO©© 1 N F2 - Acquisition Parameters
N\ T .
Time 20.49

INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 256
DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85
DW 19.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W
F2 - Processing parameters
S| 65536

SF 100.6127580 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

WAy

T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S69

Purified product 1H NMR

Current Data Parameters
NAME ~ MY-: 2017 069a-p-char

EXPNO

PROCNO 1

F2- Acqu\smon Parameters
Date 18

Time

INSTRUM

PROBHD Z119248 0002 (
PULPROG 2930

TD 65!

SOLVENT CDCI3
NS 8

DS 0

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3. 2767999 sec
RG

DW 50 000 usec
DE 10.00 usec

TE 298.0 K

D1 2.00000000 sec
TDO

SFO1 500.1330008 MHz
NUC1 1H

P1

10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300146 MHz
DW EM

W

SSB 0

LB 0.30 Hz
GB

PC 1.00

5
©
©
~
>
o

1.000 =

Purified product 13C NMR

Ll

022

1

1022~

3.058 =

Curren( Data Parameters
AM MY-: 2017 069a-p-cha
EXF'NO

PROCNO 1

F2 - Acqu\sit\on Parame\ers
0923

——70.67
—66.07

T-64.93
—41.44

T\me 1910h

INSTR av500
PROBHD Z119248 0002 (
LI

TD 65
SOLVENT CDCI3
N: 264

S
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



Yamano et al.: Strained oxacyclic allenes — Supporting Information — S70

0 a9

ZHO0 al

4 gss

3INISO Mam

ZHI ¥8100€}°00% 4S
Idd1-saels 2O
20l IS
sJajoweled Buissasold - |4

00" Od

0 a9

ZHO0 a1

4 ass

3INISO Mam
ZHN ¥8100€ L 00 4S
2ol IS

sJajoweled Buissadold - g4

IddL-selels  3a0Nud

wdd epy'g MS
ZH 185€6€'9¢ S3dald
ZHIN 81€1°00% LOdS
962 aL
siojawesed uoyisinboy - |4
995N 00000 + 9ld
% 00°0% 1ZdD

00+'0LOSWS  [HINYNID
T3NNYHO LN3IQYYD ======

M 1000692€E ¥ 0LM1d
M 00000000°€+ IMd

295N 000052 Lid
29SN 00'0€ zd
28sN 00°G Hd

HL ONN
ZHN 619LLELO0Y  LO4S
====== |} TANNVHO ========

095 0096¢000°0 ONI
08$ 000020000 91a
9985 00020000°0 cia

09S 000000€0°0 La
0985 000000520 8d
08s 000000002 1a
095 068210000 0oa
M 1’862 aL

09sn 05'9 34
098N 000°87 L Ma
9'v6 od

99s 0¥01LE0E°0 ov
ZH 6656¥9'L S3daid
ZH 8.£'8.E€ HMS
8 sa

c SN

€100 IN3IAT0S
8702 aL

ddyddbAssou  HOHJINd
/g9 0ggvd ww G gHgOdd

oovAe WNYLSNI
0TLL _dwi
LEOLLLOT ajeq
siejoweled uonisinboy - z4
] ONOOYHd

cl ONdXx3

IN-29-d-8650-£102-AW ~ JANVN
sisloweled eleq Juaungy

wdd
48

ol

‘o ————— e

B emaran

!
1
i
i
i
1
:

wdd




Yamano et al.: Strained oxacyclic allenes — Supporting Information — S71

Purified product 1H NMR Current Data Parameters

Uy N B IRl s RN o3RIl RE838II8YELZBB28IINE  NAME  MY-2017-086a-p-char
NOaaaaNaqQRnRRhNANAAdANe e m e m e DI IYII00000Q00OO0 EXPNO 10
N N N N N N N N N N N N N N N N N Y b i i e s A R R R R R R i R R PROCNO 1
e ni % % ; : ) k\k&k&%%m% F2 - Acquisition Parameters
Date_ 20180827
Time 10.49
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 52i
SOLVENT CDCI3
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85
DW 62.400 usec
DE 6.50 usec
o TE 98.5 K
D1 2.00000000 sec
38 Do 1
N——
== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536
SF 400.1300177 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
3 ) 5 (g o (9 (g
I = =l el al =l il
i Current Data Parameters
Purified product 13C NMR NAME MY-2017-086a-p-cha
© EXPNO "
’ng b 52 ,': 8 g 2 PROCNO 1
S 4w Sgg ¥
- ~ o by s L F2 - Acquisition Parameters
‘ ‘ ‘ \\/ ‘ te_ 180827
Time 11.05
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 256
DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85
DW 19.800 usec
DE 6.50 usec
TE 299.2 K
D1 2.00000000 sec
D11 0.03000000 sec
0 TDO 1
38 = CHANNEL f1 ====:
\ / SFO1 100.6243395 MHz
NUC1 13C
1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W
F2 - Processing parameters
S| 65536

SF 100.6127572 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



Yamano et al.: Strained oxacyclic allenes — Supporting Information — S72
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S73

Current Data Parameters
NAME  MY-2018-055a-p-char

EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180916
Time 11.18
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 528
SOLVENT CDCI3
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 189.85
DwW 62.400 usec
0 DE 6.50 usec
TE 298.1 K
40 D1 2.00000000 sec
\ / TDO 1
== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536
SF 400.1300177 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1 | Wb ll. " l
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
) o ol alfo (ol ol 3 N
- = =I=lall == ol | ol
ifi Current Data Parameters
Purified product 13C NMR NAME MY-2018-055a.p-cha
_ o o EXPNO 11
3 2 S 3 Ry 85 828 PROCNO !
Py & & O WBw © - B ©
- - - ~ © o v’ AN F2 - Acquisition Parameters
T VT VI -
Time 11.48
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 512
DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85
DW 19.800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
(o] DIt 6.03000000 sec
40 TDO 1
\ / = CHANNEL f1 =
SFO1

100.6243395 MHz
13C

NUC1

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W
F2 - Processing parameters
S| 65536

SF 100.6127557 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yamano et al.: Strained oxacyclic allenes — Supporting Information — S75
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Purified Product 1H NMR

4187
4.182
4179
3.368

3.352
3.336
2.309
2.207

\MWM/%/

Me
Me
Me
\ \
o 'N
(o)
42 y
10 9 8 7 6 5 4 3 2 1 0 ppm
2 A TNARAAA 2 AR
S b= = 2 3a
Purified product 13C NMR
2 SNBE535S -
g 93558888 3 oy
NV V/ Y
N
Me
Me
Me
A
o ’N
(o)
42 y
250 2é0 21‘0 260 1§0 1&‘30 1%0 1é0 1%0 11‘10 1:‘30 1é0 11‘0 160 Sb 50 7‘0 eb 56 4‘0 3‘0 Zb 1b ‘ppm

Current Data Parameters

NAME RRK-2018-002

EXPNO 4

PROCNO 1

F2 - Acquisition Parameters

Da te_ 0180918
Time .25

INSTRUM ave00

PROBHD 5 mm BB5

PULPROG 2930

TD

SOLVENT CDCI3

NS 8

DS 0

SWH 12376.237 Hz

FIDRES 0.188846 Hz

AQ 2.6476543 sec

RG 114

DwW 40.400 usec

DE 6.50 usec

TE 94.2 K

294,
D1 2.00000000 sec
TDO 1

== CHANNEL f1 =
N 1H
P1 16.50 usec
PL1 -1.00 dB
PL1W 31.62277603 W
SFO1 600.1336008 MHz

F2 - Processing parameters
S| 65536

SF 600.1300284 MHz
DW EM

Wi

SSB

LB 0.30 Hz
GB

PC 1.00

Curren( Data Parameters
IAME RRK-2018-002
EXF'NO 3

0
PROCNO 1

F2 - Acqu\sit\on Parame\ers
0918

T\me

INSTRUM

PROBHD 5mm PABBO BB/
PULPROG zgpg30
TD 5!
SOLVENT CDCI3
NS 512

DS 0

SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85

DW 19.800 usec
DE 6.50 usec
TE 299.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TD 1

= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W

F2 - Processing parameters
S| 65536

SF 100.6127701 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Purified product 1H NMR Current Data Parameters

e BRN B8 Y Y ESER 8o RINBEIYB8B-3I8I3LBIBINSBILLTBZI2E  NAME  MY-2018-261a-p-char
QA2 R, 2 2IIInRaaaderrrres 2222 - RRARGER00nadar283353888505 EXPNO 1
NNNNNNNNNNN G B O T F T FFFFFFFFF S F F0303050505050505050503 0303050300000 00 PROCNO 1
F2 - Acquisition Parameters
Date_ 20181015
Time 13.11h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG 29
SOLVENT CDCI3
NS
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 12.14
DwW 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300126 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
2|9 ) wlal (- g=l9
e = =lail 1=l il sl
i Current Data Parameters
Purified product 13C NMR NAME MY-2018-261a-p-cha
255 539¢ 3 cn mEe & PRotno  °
VLWr COWH O o8 o o
¥¥T I8Q8 72 S8 STW N
Anulb el ol ol ol i ©®o BT T o F2 - Acquisition Parameters
VI NY VA R
Time 18.16 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 48
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
44 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072
SF 125.7577736 MHz
DW EM
SsB 0
i 1.00 Hz

GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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~V

7.568
7.565
7.553
7.549
7.187
7177

171

167

7.560
7.
7

Purified product 1H NMR

4.096
4.091
4.087

3.282
3.271
3.260

LATDNR
9090
Qoo N

—0.368

Current Data Parameters
NAME  MY-2018-230a-rp
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180924

Tim 11.03 h
INSTRUM avs

. w500
OSiMe,Ph PROBHD_Z119248_0002 (
PULPROG 62930
I SOLVENT CeDé
0 DS
0
Br SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
SI-9 RG 12.14
DwW 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO
SFO1 500.1330008 MHz
NU 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
S 65536
SF 500.1300146 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
3 |2 S S S b
= o o o i I
i Current Data Parameters
Purified product 13C NMR NAM MY-2018-230a-rp
5 5RY o o 2 FROGN 2
S iy [ e 2 ] PROCNO 1
P e38 © 3 o S .
- s = © o L v F2 - Acquisition Parameters
‘ \ ‘ / ‘ ‘ te_ 180924
Time 11.14h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
H 5!
OSiMe,Ph SOLVENT . C6D6
NS 176
I DS 2
0 SWH 31250.000 Hz
FIDRES 0.953674 Hz
Br Q 1.0485760 sec
RG 204.54
DW 16.000 usec
s,_g DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

L .

F2 - Processing parameters
S| 131072

SF 125.7577426 MHz
WD! EM

SSB

LB 1.00 Hz

GB

PC 1.40

T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

T
60

T T T T
50 40 30 20

T
10 ppm
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Purified product 1H NMR Current Data Parameters

855 8183 823893385 2 NAME _MY-2018-257a-p-char
SO0 MM VORDORD XD S EXPNO 20
i QI T X0 )

<
<

F2 - Acquisition Parameters
Date_ 20180912

Time 19.25
INSTRUM av400
PROBHD 5 mm PABBO BB/

PULPROG 2930
TD 21
SOLVENT CeDé
NS 4
DS 0
SWH 8012.820 Hz
FIDRES 0.151523 Hz
AQ 3.2998369 sec
RG 155.85
DW 62.400 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
TDO 1
== CHANNEL f1 =====
S 400.1324008 MHz
NUC1 H
P1 15.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
Sl 65536
SF 400.1300184 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
9 £ @) 10)
o o o |
i Current Data Parameters
Purified product 13C NMR NAME MY-2018-257a-p-cha

@ EXPNO 21

ﬁ 3 > PROCNO 1

3 o @

b & S

F2 - Acquisition Parameters
e 180912

98.17
——69.41
——64.38

Time 19.42
INSTRUM av400
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65
SOLVENT CéD6
NS 256

DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85
DW 19.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W
F2 - Processing parameters
S| 65536

SF 100.6127701 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR

o o)
SiEt,
SH1T
o
Purified product 13C NMR
VoV A
(o] (0]
7Y
(o) (o)
SiEl;
RTINS

L1 L —

T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Current Data Parameters

NAME RRK-2018-156
EXPNO 8
PROCNO 1
F2 - Acquisition Parameters
Da te_ 0181023
Time 4.24
INSTRUM ave00
PROBHD 5 mm BB5
PULPROG 2930
TD 5!
SOLVENT CDCI3
NS 16
DS 0
SWH 12376.237 Hz
FIDRES 0.188846 Hz
AQ 2. 6476543 sec
RG
DwW 40 400 usec
DE 6.50 usec
TE 94.5 K

294,
D1 2.00000000 sec
TDO 1

== CHANNEL f1 =
N 1H
P1 16.50 usec
PL1 -1.00 dB
PL1W 31.62277603 W
SFO1 600.1336008 MHz

F2 - Processing parameters
S| 65536

SF 600.1300273 MHz
DW EM

Wi

SSB

LB 0.30 Hz
GB 0

PC 1.00

Curren( Data Parameters
IAME RRK-2018-156

EXF'NO 20

PROCNO 1

F2 - Acquisition Parame\ers
20181023

T\me

INSTRUM

PROBHD 5mm PABBO BB/
PULPROG zgpg30
TD 5!
SOLVENT CDCI3
NS 512

DS 0

SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 sec
RG 189.85

DW 19.800 usec
DE 6.50 usec
TE 299.5 K

D1 2.00000000 sec

D11 0.03000000 sec
0 1

= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C

1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W

F2 - Processing parameters
S| 65536

SF 100.6127561 MHz
W EM

WD!

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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default proton parameters

Current Data Parameters
NAME  MY-2018-263a-rp-ME(

EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180927
Time 18.11
INSTRUM drx500
Ocozallyl PROBHD 5 mm bb-Z 2800
PULPROG 2930
TD 5!
SOLVENT CDCI3
0 DS 0
. 0
SiMe,Ph SWH__ 10000.000 Hz
FIDRES 0.152588 Hz
Sl' 12 AQ 3.2767999 sec
RG 161.3
DW 50.000 usec
DE 6.00 usec
TE 296.9 K
D1 2.00000000 sec
TDO 1
= == CHANNEL f1 =
N 1H
P1 13.30 usec
PL1
SFO1 500.3330020 MHz
F2 - Processing parameters
Sl 32768
SF 500.3300220 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
AL
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
85| 8 &8 g5 |§ 5 |8 &
il ==l il i ol
i Current Data Parameters
Purified product 13C NMR NAME MY-2018-263a-rp-ME
oo EXPNO 2
g ((:A’ g $ g g © PROCNO 1
88 oo © o .
- © oo N F2 - Acquisition Parameters
\ ’ / te_ 180927
Time 18.01
INSTRUM drx500
PROBHD 5 mm bb-Z Z800
PULPROG 2gdc30
TD 65536
OCOaallyl SOLVENT . CDCI3
NS 128
| DS 0
SWH 32679.738 Hz
(0] FIDRES  0.498653 Hz
H AQ 1.0027008 sec
SiMe,Ph RG 4096

DW 15.300 usec

Si-12

HANNEL f2 =:
waltz16
1

H
100.00 usec
PL2 120.00 dB
16.10 dB
SFO2 500.3320013 MHz

F2 - Processing parameters
S| 65536

SF 125.8079550 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

Lol

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

Ryl R B RR RN 8I 5B 880 R 0833385858828  NAME  MY-2018-267a-p-char
COECOVLOELBEBENSSSGS000RNINVVILNNMOOMO - -~ OOOBINNNNNNS  EXPNO 1
BBBBBBBBELBEBEEBELBBEYIITFITITIIFTIFIITIFIFOOOANNNNNNS  pRONS 1
N‘W‘/WMM F2 - Acquisition Parameters
Date_ 20181002
Time 16.06 h
(o) (0] INSTRUM av500
PROBHD 7119248 _0002 (
I PULPROG 2930
o 0 SOLVENT CeDé
SiMe; DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
N AQ 3.2767999 sec
SI-13 RG 12.14
DwW 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300146 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
N_M_J\u J LA
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
g (ga (@fg [ N @
= EE Tl ai ol 3
Purified product 13C NMR ﬁxﬁé‘( Dﬁ,}@;gg,";é%s,prcha
g8 g sze « PROCH 2
ool - 55w @ Q PROCNO 1
3D ) SN+ < s
- - © © o N F2 - Acquisition Parameters
v ‘ \// te_ 20181002
Time 16.16 h
INSTRUM av500
PROBHD 7119248 _0002 (
o o PULPROG zgpg30
TD 65536
SOLVENT CéD6
NS 161
DS 2
(o] (o] SWH 31250.000 Hz
SiMe FIDRES 0.953674 Hz
3 AQ 1.0485760 sec
RG 204.54
\ DW 16.000 usec
SI 13 DE 18.00 usec
- TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072

SF 125.7577425 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

L

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

PO TN O N DR OO NN YO N O - PO TR I TATVINOLATNNDRT OO TN NAME  RRK-2018-142
DO YIT IR ROV I T I RANCIRINONNOOOPION- O N OOV ITOON BN IO - -
TEIIITNNNAONNNONNOBLNIITIFTOON R~ BRRNMMHOHOHB MR DD 01D 0 EXPNO 13
NNNNNNNNNNNNNNNNNN OO0 00000 Yf F00naddaladaddalcccc000o PROCNO 1

)
%

P [ S IR 2

F2 - Acquisition Parameters
0180928

Da e
1 .32 h
o 0 INSTRUM
PROBHD Z119248 0002(
PULPROG 2930
| D 65536
o SOLVENT CDCI3
i DS 0
SiEty SWH  10000.000 Hz
FIDRES 0.305176 Hz
AQ 3. 2767999 sec
45 Ph By
DwW 50 000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
1 l L
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
9le) 29 (o) Q [ @ ) (g
il olel ai Qi o o o |l
ifi Curren( Data Parameters
Purified product 13C NMR AME  RRK.2018-142
EXF'NO 10
S5 < o PROCNO 1
o~ < &5
© © o N ~o F2 - Acqu\sit\on Parame\ers
0911
\Y I R
INSTRUM
PROBHD 5mm PABBO BB/
PULPROG zgpg30
o o TD 65536
SOLVENT CcDCI3
NS 512
| DS 0
0 0 SWH 25252.525 Hz
. FIDRES 0.385323 Hz
Si Et3 AQ 1.2976128 sec
RG 189.85
DW 19.800 usec
_[Igg 6.50 lksec
299.6
45 Ph D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 ====:
SFO1 100.6243395 MHz
NUC1 13C
1 10.00 usec
PLW1 52.00000000 W
= == CHANNEL {2 ====:
SFO2 400.1324008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 13.00000000 W
PLW12 0.36111000 W
PLW13 0.29249999 W
F2 - Processing parameters
S| 65536

SF 100.6127560 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



(o]
rac-Sl-15

Purified product 1H NMR

Yamano et al.: Strained oxacyclic allenes — Supporting Information — S84

Current Data Parameters
NAME MY-2018-087
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters

Date_ 20180930
Time 17.14
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG 29
SOLVENT CDCI3

NS

DS 0

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 21.37

DW 50.000 usec
DE 10.00 usec

TE 298.0 K

D1 2.00000000 sec
TDO

SFO1 500.1330008 MHz
NUC1 1H

P1

10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300125 MHz
DW EM

W

SSB 0

LB 0.30 Hz
GB

PC 1.00

SiEt,

(0]
rac-Sl-15

0.998
1.999 —
1016\

Purified product 13C NMR

6
.55

— 135.2
—117.

w4
ro
o4

ppm

1.008 =
1.009 —
1.000 =
1.008 =
9.044 =
6.152

Current Data Parameters
NAME

MY-2018-087
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
e 20181001

—71.16
——66.95
——50.46
—41.29
—35.12
—7.81

—294

Time 10.02 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!

SOLVENT CDCI3

N: 960

S
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1

10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz

1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters
S| 131072

SF 125.7577761 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

CTORNOONNNOrNO T VNAONOONDYDNN DO NN N

YTOORKRWWAr —~ROOOURIINO-—ODPDORON D ON NAME  MY-2018-264a-rp2
PR HROOOCCOOORNBOOBEODBRONN ™~ = 00Dd®DRIE T EXPNO 1
fYFFFIIFFIoomononoooaiaddNN NN - -+~—00 PROCNO 1

F2 - Acquisition Parameters
Date_ 20181001

Time 11.33h
INSTRUM av500
PROBHD Z119248_0002 (

PULPROG 29
. SOLVENT CDCI3
SiMe,Ph NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
o RG 12.14
DwW 50.000 usec
DE 10.00 usec
- - TE 298.0 K
rac-Sl-16 DI 200000000 sec
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300146 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
PR | d__l | Y
T T T T T T T T T T T 1
10 9 8 7 5 4 3 2 1 0 ppm
2| g o Yogls ) @ (9 <l
il s p= o P - ol I+ o3| |
i Current Data Parameters
Purified product 13C NMR NAME MY-2018-264a-rp2
<~ N WO = EXPNO 2
3 SRE®y & ©w© o Qs
< SYton N =& T Ke gy FROONO !
3 BHHIN = <o S o< o5 .
L R R S - ~© 5 F o Y F2 - Acquisition Parameters
| 14 IR VB
Time 11.38 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 64
DS 2
. SWH 31250.000 Hz
SiMe,Ph FIDRES  0.953674 Hz
AQ 1.0485760 sec
RG 204.54
DW 16.000 usec
DE 18.00 usec
o TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
rac-SI-16 TDO 1
SFO1 125.7722511 MHz
NUC1 13C

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.13500001 W

F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

L Il |

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR

rac-Sl-17

Current Data Parameters
NAME  MY-2018-269a-rp
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
1

Date_ 20181009
Time 15.41h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG 29
SOLVENT CDCI3

NS

DS 0

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 12.14

DW 50.000 usec
DE 10.00 usec

TE 298.0 K

D1 2.00000000 sec
TDO

SFO1 500.1330008 MHz
NUC1 1H

P1

10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300146 MHz
DW EM

W

SSB 0

LB 0.30 Hz
GB

PC 1.00

5
©
©
~
>
o
o

1.000 —
2.006 —
1.020—

Purified product 13C NMR

00
7

—135.
—117.

SiMe3

0
rac-SIl-17

w4
ro
o4

ppm
o (gla (9 a
B B |

Current Data Parameters
NAM MY-2018-269a-rp
EXPNO 3

5 g = 8 Q Q PROCNO 1

-~ o = % ol "

~ © AN ! F2 - Acquisition Parameters

\ ’ ‘ ‘ ‘ te_ 20181009
Time 15.47 h
INSTRUM av500
PROBHD 7119248 _0002 (
PULPROG zgpg30
SOLVENT CDCI3
NS 16
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz

Q 1.0485760 sec

RG 204.54
DW 16.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1

9.63 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec

PLW2 13.50000000 W
0.21094000 W

PLW13 0.13500001 W

F2 - Processing parameters

S| 131072

SF 125.7577754 MHz

WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

50 40 30 20 10  ppm
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- @ Current Data Parameters
R NAME MY-2018-167
co EXPNO

B ————S e —— N NPy PROCNO 1
F2 - Acquisition Parameters
Date_ 20181016

( \ m

Time 18.26
INSTRUM ave00
PROBHD 5 mm BB5

PULPROG ____2g30
. Ph SOLVENT ~ CDCI3
SiEt; NS 8

0
SWH 12376.237 Hz
FIDRES 0.188846 Hz
AQ 2.6476543 sec
2!

o RG 56
DW 40.400 usec
DE 6.50 usec
. TE 294.5 K

rac-46 D1 2.00000000 sec
TDO 1
- —= CHANNEL f1 =
N H
P

16.50 usec
PL1 -1.00 dB
PL1W 31.62277603 W
SFO1 600.1336008 MHz

F2 - Processing parameters

S| 65536

SF 600.1300285 MHz
DW EM

Wi
SSB
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
213 &g 38| 8 23 (g 52|
oI- 3|9 KIKHE o) |5 o3|
ol <1< aillil [ slal |- ol <l
ifi Current Data Parameters
Purified product 13C NMR NAME MY-2018-167
g 88 233 ¢ s g se PROCH !
= R TIN 28 8 8R 23 PROCNO !
i<} T QoA -~ oo S 9w ® o
N - T ~© v ¥ ~o F2 - Acquisition Parameters
| NI NN || N
Time 9.28 h
INSTRUM av500
— PROBHD 7119248 _0002 (
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 768
Ph DS 2
sl Et SWH 31250.000 Hz
3 FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 14.67
DW 16.000 usec
DE 18.00 usec
O TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1

10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz

1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

N J

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

0DP2OOVN Y TRANORD N OLN®DOQID LoOa~© NAME  RAK 5016144
B2838BL8 I8IYIRY Rry8YR8B38 2335 -2018-
HERJANY  IIIAA- SERRBHSSEE S88RKER EXPNO 3
NNNNN NN WWBWLWLW 66666666 ~-r-cSco PROCNO 1

%
Y
N3
z
<
<
y;
<

F2 - Acquisition Parameters
1

Date_ 20180916
Time 14.06
INSTRUM av500
OTf PROBHD Z119248_0002 (
\ PULPROG 2930
TD 65!
R\ SOLVENT CDCI3
s NS 8
DS 0
S' Et Ph SWH 10000.000 Hz
FIDRES 0.305176 Hz
1EL; AQ 3.2767999 sec
RG 12.14
DwW 50.000 usec
48 DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
65536
SF 500.1300146 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
i 3[8 2 =S 8l[
5 3[&3| 38 |3 |5 3|3
< ol P I e R ElE
Current Data Parameters
13C- char NAME  RRK-2018-144
EXPNO 1001
S8R IbrB58E o <o PROCNO 1
S~Sa BOEABNT S § - 0N =
LIy QNN EE-¢ eI 88 © F2 - Acquisition Parameters
te_ 20181023
TN/ | | V \ e S
INSTRUM av500
PROBHD 7119248 0002 (
PULPROG zgpg30
on TD 65536
SOLVENT CcDCI3
A NS 372
DS 2
o SWH 31250.000 Hz
(0] FIDRES 0.953674 Hz
AQ 1.0485760 sec
. RG 204.54
SiEt; Ph ow 16.000 usec
DE 18.00 usec
TE 298.0 K
48 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C

10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz

1H

CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters
S| 131072

SF 125.7577721 MHz
WDW EM

D
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

BRI INI e RS NRRR e I3I88388B8R328T NAME ~ RRK-2018-150
NN RANNNNNNEARAANNArrONOANNN - RRBRBA -~ OO EXPNO 3
NNNNNNNNNNNNNNNN OB OB S FFIFFITFFOBROBOH GBS S0 PROCNO 1
T s N ee——V O
Dae 20181010
Time 12.39
INSTRUM ave00
PROBHD 5 mm BB5
PULPROG 2930
Oo—N D 5
H ﬁ(SJLVENT 32CDCI3
t-Bu D: 0
SWH 12376.237 Hz
FIDRES 0.188846 Hz
AQ 2.6476543 sec
o RG 322.5
DW 40.400 usec
DE 6.50 usec
TE 294.4 K
D1 2.00000000 sec
Ph TDO 1
== CHANNEL f1 =
51 N 1H
P1 16.50 usec
~———— PL1 -1.00 dB
PL1W 31.62277603 W
SFO1 600.1336008 MHz
F2 - Processing parameters
S| 65536
SF 600.1300273 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
't L o
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
N glalg o8 (=) (el @/
ol ~lal= lail ==l Slo
Purified product 13C NMR C“';\'Aeg( Da%a;;(arzaor?g(?gso
EXPNO "
BR8]BL  Hok§ PROCNO 1
SN G0 CON G
~ooonw’ ™ O NN F2 - Acquisition Parame\ers
20181010
NV e )
INSTR av500
PROBHD Z119248 0002 (
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 240
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1 0485760 sec
RG
DwW 16 000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577892 MHz
WDW EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40
1] ' ,

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product 1H NMR Current Data Parameters

L T N R R A T L D R R e T ]
R R R R R R R R R D R R R R R R R e B R R A S SRR =R =R R R NAME  RRK-2018-154
R R R R L R R - L L R R L b b A b X EXPNO 1001
NNNRNNNNNNNN GO BB 8000 FITho0nonosdaaaaaa-—
MV \\\\N V%/"%/ PROCNO 1
F2 - Acquisition Parameters
—— Dae 0181019
Time
INSTRUM
Me PROBHD 2119248 0002 (
PULPROG 29
D 5!
H SOLVENT CDCI3
NS 64
DS 0
Me SWH 10000.000 Hz
| FIDRES 0.305176 Hz
AQ 3.2767999 sec
(o] RG 21.37
DwW 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
Ph R
SFO1 500.1330008 MHz
NU: 1H
52 P1 10.00 usec
\ J PLW1 13.50000000 W
F2 - Processing parameters
S 65536
SF 500.1300146 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
2|9 AR (@ TR (NN PN
il ==l =2 P B B I B B P
ifi Curren( Data Parameters
Purified product 13C NMR AME ~ RRK-2018-154
2533250388 or  ex o« Eé%%ﬁo 1002
VOB ORING DO N RN ~ o
ST3EB3INQIR ~ 9 NN ¢ <
********** @ © © o N @ F2 - Acquisition Parameters
NN/ VooV o e
Time 10.14 h
INSTRUM av500
Ve ~N PROBHD 7119248 0002 (
PULPROG zgpg30
5!
Me SOLVENT ~ CDCI3
NS 831
DS 2
H SWH_ 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1 0485760 sec
Me RG
| DwW 16 000 usec
o DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
Ph NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
52 SFO2  500.1330008 MHz
\ / NUC2 1H
CPDPRG[2  waltz16
PCPD2 80.00 usec
PLW2  13.50000000 W
PLW12  0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
sl 131072
SF 125.7577892 MHz
WD EM
SsB
LB 1.00 Hz
GB
PC 1.40
T L L T U T AU
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Part II: Computational Methods
Computational Details

All calculations were carried out with the Gaussian 09 package. Geometry optimizations
were performed with ®B97XD and 6-31G(d) basis set. Frequency analysis was conducted at the
same level of theory to verify the stationary points to be minima or saddle points. Free energy
corrections were calculated with and without Truhlar’s quasiharmonic oscillator approximation.-
Single-point energies and solvent effects in acetonitrile were computed with the 6-311+G(d,p)

basis set and SMD solvation model.- Computed structures are illustrated with CYLview.-

A. Complete Citation of Gaussian 09

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.;
Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.;
Hratchian, H. P.; [zmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.;
Vreven, T.; Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J;
Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Keith, T.; Kobayashi, R.; Normand, J.;
Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.;
Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.;
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J.
W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J.
J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D.
J. Gaussian 09, Rev. D.01; Gaussian, Inc., Wallingford, CT, 2010.

B. Strain Energy in 3,4-Oxacyclohexadiene
H

H30 \H
C@., +2HC—CH; 4 H,0 —> 2HC” “OH + >=.=\‘CH3
‘H H
8 SI-20 Sl-21 Sl-22 SI-23
—269.0456 —79.7262 —-76.3654 -154.9039 -195.1050
Hartrees Hartrees Hartrees Hartrees Hartrees

(A(E+ZPVE) = -31.0 kcal/mol )
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A homodesmotic equation at the ®wB97XD/6-31G(d)+ZPVE level of theory was used to estimate
strain in 3,4-oxacyclohexadiene 8. Molecular strain in 3,4-oxacyclohexadiene 8 was calculated

relative to penta-2,3-diene (SI-15).

C. Geometries of Diastereomeric Transition States

SI-TS 1
(8 +19)

SI-TS 2

AG* =18.1

Transition states geometries for concerted cycloaddition of 3,4-oxacyclohexadiene 8 with

dimethylfuran (SI-16) at the ®B97XD/6-31G(d) level of theory. SI-TS 1 leads to endo product

(major diastereomer) while SI-TS 2 leads to exo product (minor diastereomer). Endo and exo
refer to the position of dimethylfuran (SI-16) relative to the additional st bond in 34-

AG (wB97XD/6-

311+G(d.,p)/SMD(MeCN)//wB97XD/6-31G(d)). The reaction occurs with a notable preference
for formation of endo product (AAG* = 2.4 kcal/mol).

oxacyclohexadiene 8. values are provided

D. Energies and Cartesian Coordinates for Optimized Structures

TTIT T TOOO0O00

-1.24674000
-1.12327600
0.08600700
1.24937000
1.11910400
-1.86684900
-1.84708100
-1.74890600

-0.57333100
0.91341500
1.36248600
0.76182500

-0.61060800
1.38110200

-1.01059600

-0.77716500

-0.16257500
0.18876500
-0.07564900
-0.23306100
0.41350800
0.82463900
0.64995900
-1.11281700

1.99450900 0.97944500 -0.99017200

1.96652800

-1.26520500

0.20070900
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H 0.96600200 -0.54212500
O 0.00362700

1.49727300
-1.23602200 -0.23194000

Electronic energy (wB97XD/6-311+G(d,p)/SMD(MeCN)) = -269.226878421 Hartrees
Zero-point correction = 0.098770 Hartrees

Thermal correction to enthalpy = 0.104786 Hartrees

Thermal correction to Gibbs free energy = 0.070625 Hartrees

Quasiharmonic free energy correction = 0.070625 Hartrees

SI-20
C 0.00000 0.00000 0.76352
H -0.51001 0.88390 1.16085
H -0.51048  -0.88363 1.16085
C 0.00000 0.00000  -0.76352
H 0.51001 0.88390  -1.16085
H 0.51048  -0.88363  -1.16085
H -1.02049  -0.00027  -1.16085
H 1.02049  -0.00027 1.16085

Zero-point correction = 0.075745 Hartrees

Thermal correction to enthalpy = 0.080183 Hartrees

Thermal correction to Gibbs free energy = 0.054300 Hartrees

Sum of electronic and zero-point energies = -79.726239 Hartrees
Sum of electronic and thermal free energies = -79.747684 Hartrees

SI-21
O 0.00000000 0.00000000 0.11835300
H 0.00000000 -0.75982300 -0.47341300
H 0.00000000 0.75982300 -0.47341300

Zero-point correction = 0.021663 Hartrees

Thermal correction to enthalpy = 0.025442 Hartrees

Thermal correction to Gibbs free energy = 0.004014 Hartrees

Sum of electronic and zero-point energies = -76.365400 Hartrees
Sum of electronic and thermal free energies = -76.383049 Hartrees

SI-22

oCXxZmaxTTZITO

1.21220100
1.27565200
1.27171200
2.07963300
-0.08746000
-0.13308800
-0.13020500

-1.23362900 -0.26044600

-0.23804600
-0.96134700
-0.78838200
0.42696600
0.55385200
1.12497000
1.27850500

-0.02145400
0.80086000
-0.96517700
0.05161300
0.04686200
0.98764200
-0.77122400
-0.10945000
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Zero-point correction = 0.081357 Hartrees
Thermal correction to enthalpy = 0.086504 Hartrees
Thermal correction to Gibbs free energy = 0.056044 Hartrees

Sum of electronic and zero-point energies = -154.903918 Hartrees
Sum of electronic and thermal free energies = -154.929231 Hartrees

-1.24312300 -0.89198300 0.61943800

SI-23
C -1.24593 0.42500  -0.39103
H -1.53233 1.11346  -1.18552
C 0.00103 0.42443 0.00316
C 1.24770 0.41219 0.39710
H 1.54455 1.07911 1.20724
C 2.32360  -0.46493  -0.19107
C -2.32704  -0.46771 0.18235
H 1.92918  -1.08347  -1.00123
H 3.14621 0.14154  -0.58765
H 2.74684  -1.12632 0.57413
H -2.09267  -1.52653 0.03124
H -2.45039  -0.30527 1.25798
H -3.28755  -0.26641 -0.29927

Zero-point correction = 0.114035 Hartrees
Thermal correction to enthalpy = 0.120870 Hartrees
Thermal correction to Gibbs free energy = 0.084996 Hartrees

Sum of electronic and zero-point energies = -195.105045 Hartrees
Sum of electronic and thermal free energies = -195.134084 Hartrees

19 (dimethylfuran)

TCDTO@DN@DZIOQODTZoOOOON0

Electronic energy (nB97XD/6-311+G(d,p)/SMD(MeCN)) = -308.653185 Hartrees

-1.10062400
-0.71706500
0.71706700
1.10062300
-0.00000100
-1.37548700
1.37549200
2.42341600
2.54622400
2.54636800
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Zero-point correction = 0.127026 Hartrees
Thermal correction to enthalpy = 0.135217 Hartrees

Thermal correction to Gibbs free energy = 0.094751 Hartrees
Quasiharmonic free energy correction = 0.095992 Hartrees

SI-TS 1 (Endo TS)
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Electronic energy (nB97XD/6-311+G(d,p)/SMD(MeCN)) = -577.874242 Hartrees
Zero-point correction = 0.227431 Hartrees

Thermal correction to enthalpy = 0.240808 Hartrees

Thermal correction to Gibbs free energy = 0.188687 Hartrees

Quasiharmonic free energy correction = 0.189677 Hartrees

SI-TS 2 (Exo TS)
C 1.69391300 1.30305400 -0.03890400

C 3.06127400 0.62432200 -0.06184600
C 1.76074100 -1.40882000 -0.18107600
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Electronic energy (nB97XD/6-311+G(d,p)/SMD(MeCN)) = -577.871663 Hartrees
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Zero-point correction = 0.228067 Hartrees

Thermal correction to enthalpy = 0.241220 Hartrees
Thermal correction to Gibbs free energy = 0.189701 Hartrees

Quasiharmonic free energy correction = 0.190847 Hartrees
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