Supporting Information

Oxazolidine Synthesis by Complementary Stereospecific and Stereoconvergent
Strategies

Michael B. Shaghafi, Robin E. Grote, Elizabeth R. Jarvo
Department of Chemistry, University of California, Irvine

Experimental Procedures and Analytical Data:

I. General procedures page 1
II. Procedures for Rhodium-Catalyzed Stereospecific Synthesis of Oxazolidines
A. Synthesis and Characterization of Imines page 3
B. Procedure for the Rhodium-Catalyzed Stereospecific Synthesis of page 4

1,3-Oxazolidines and Characterization of Products
C. Determination of Relative and Absolute Stereochemistry

1. Determination of Relative Stereochemistry page 6
2. Determination of Absolute Stereochemistry page 6
III. Procedures for the Palladium-Catalyzed Stereoselective Synthesis
of Oxazolidines
A. Synthesis and Characterization of Imines page 7
1. General Procedure for the Synthesis of Sulfonyl Imines page 7
B. General Procedure for the Palladium-Catalyzed Stereoselective page 9

Synthesis of 1,3-Oxazolidines and Characterization of Products
C. Determination of Relative Stereochemistry in the Nickel- and Palladium-
Catalyzed 1,3-Oxazolidine Formation
1. Determination of Relative Stereochemistry page 13
2. Determination of Absolute Stereochemistry page 14
D. Nickel-Catalyzed Synthesis of 1,3-Oxazolidines: General Procedure,
Substrate Scope and Mechanistic Reactions

1. General Procedure for the Nickel-Catalyzed Synthesis of page 15
1,3-Oxazolidines

2. Nickel-Catalyzed Mechanistic Experiments (7able 6) page 16

3. Characterization data for SI-4 and SI-5 page 16

IV. 'H and C NMR Spectra and SFC Traces.

1. General Procedures.

All reactions were carried out under an atmosphere of N,. All glassware was either oven
or flame-dried prior to use. Tetrahydrofuran (THF), diethyl ether (Et;0),
dichloromethane (CH,Cl,), and acetonitrile (MeCN), were degassed with argon and then

passed through two 4 x 36 inch columns of anhydrous neutral A-2 alumina (8 x 14 mesh;

LaRoche Chemicals; activated under a flow of argon at 350 °C for 12 h) to remove H,O.
1H NMR spectra were recorded on Bruker GN-500 (500 MHz 'H, 125.7 MHz "C),
CRYO-500 (500 MHz 'H, 125.7 MHz "°C), DRX-400 (400 MHz 'H, 100 MHz “C,
161.9 MHz °'P, 376.5 MHz "F), or Avance-600 (600 MHz 'H, 150 MHz "C)



spectrometers. Proton chemical shifts are reported in ppm (8) relative to internal
tetramethylsilane (TMS, o6 0.00). Data are reported as follows: chemical shift
(multiplicity [singlet (s), broad singlet (br s), doublet (d), doublet of doublets (dd), triplet
(t), doublet of triplets (dt), doublet of doublet of triplets (ddt), triplet of triplets (tt),
quartet (q), multiplet (m), apparent doublet (ad), broad doublet (br d) and broad multiplet
(br m)], coupling constants [Hz], integration). The apparent multiplet (am) designation is
given to resonances of the minor diastereomer which are overlapping with resonances of
the major diastereomer and coupling constants could not precisely be extracted. Carbon
chemical shifts are reported in ppm (5) relative to TMS with the respective solvent
resonance as the internal standard (CDCls, & 77.23 ppm; ds-DMSO, & 39.51 ppm;
CD,Cly, 6 54.00 ppm; CDs;OD, 6 49.15 ppm). Unless otherwise indicated, NMR data
were collected at 25 °C. Infrared spectra were obtained on a Perkin-Elmer Spectrum RX [
spectrometer. Analytical thinlayer chromatography (TLC) was performed using Silica
Gel 60 F254 precoated plates (0.25 mm thickness). Visualization was accomplished by
irradiation with a UV lamp and/or staining with KMnQOy, ceric ammonium molybdate
(CAM), or p-anisaldehyde (PAA) solutions. Flash chromatography was performed using
Silica Gel 60A (170-400 mesh) from Fisher Scientific. Melting points (m.p.) were
obtained using a Mel-Temp melting point apparatus and are uncorrected. High resolution
mass spectrometry was performed by the University of California, Irvine Mass
Spectrometry Center.

Rh(cod)OTT was obtained as a gift by Heraeus Chemical Co. and was stored indefinitely
in an inert air glovebox.

Ni(cod), was purchased from Strem Chemical Co. and used as received within an inert
atmosphere glovebox.

Pd,(dba);"CHCI; was used as received from Strem Chemical Co.

(R,R)-Dipamp = (R,R)-Ethylenebis[(2-methoxyphenyl)phenylphosphine], and (S.5)-
Dipamp were purchased from Sigma-Aldrich Co. Josiphos, Walphos, and MeO-Biphep
chiral-bidentate ligands were received as a gift from Solvias Chemical Co. These ligands
were stored indefinitely in an inert air glovebox. All phosphine ligands were utilized as
received and stored and used in an inert atmosphere glovebox.

Butadiene monoxide was purchased from Alfa Aesar, 98% and used as received in the
nickel-catalyzed reaction.  Distillation of commercial material over MgSO, at
atmospheric pressure was performed for use in the palladium-catalyzed stereoselective
reactions.

Enantiopure butadiene monoxide for use in Table 1 and Table 4 was prepared through the
Jacobsen hydrolytic kinetic resolution of epoxides.'

! Schaus, S. E.; Brandes, B. D.; Larrow, J. F; Tokunaga, M.; Hansen, K. B.; Gould, A. E.; Furrow, M. E.;
Jacobsen, E. N. J. Am. Chem. Soc. 2002, 124, 1307.



TBAT (tetrabutylammonium difluorotriphenylsilicate) was purchased from Sigma-
Aldrich Co. as a crystalline white solid, kept in an inert atmosphere glovebox, and used
as received.

Titanium(IV) isopropoxide was distilled at a pressure of less than 1 Torr, at
approximately 90 °C (external temp.).

Diglyme was distilled fresh over CaH, and stored over 4 A molecular sieves for no
longer than three days.

4 A Molecular sieves were dried and stored in an oven at 170 °C.
All other chemicals were purchased commercially and used as received.

II. Procedures for Rhodium-Catalyzed Stereospecific Synthesis of Oxazolidines

(Tables 1).

A. Synthesis and Characterization of Imines:

General Procedure for Imine Synthesis:

All imines were synthesized according to the modified procedure of Anderson and co-
workers as described below.? Spectral data for imines 1b and 1c¢ was consistent with the
literature values.’

In a round-bottom flask p-anisidine (0.615 g, 5.00 mmol, 1 equiv) was taken up in
CH,Cl; (25 mL), 2.0 g anhydrous magnesium sulfate was added, followed by addition of
benzaldehyde (0.505 mL, 5.00 mmol, 1 equiv). The reaction was allowed to stir
overnight and was then filtered and the solvent removed in vacuo. The off-white solid
obtained was then washed with pentanes and brought to dryness under vacuum (1.04 g,
98%).

NPMP

H

(E)-N-benzylidene-4-methoxybenzenamine (1a) "H NMR (CDCls, 500 MHz)  8.47 (s,
1H), 7.91-7.85 (m, 2H), 7.48-7.43 (m, 3H), 7.23 (ad, J = 8.9 Hz, 2H), 6.93 (ad, J = 8.4
Hz, 2H), 3.82 (s, 3H). Analytical data is consistent with reported literature values.*

NPMP
H
Cl

2 Anderson, J. C.; Howell, G. P.; Lawrence, R. M.; Wilson, C. S. J. Org. Chem. 2005, 70, 5665.

3 (a) Cabiddu, S.; Caldoni, E.; lanni, A.; Gelli, G.; Melis, S.; Bernard, A. M.; Cabiddu, M. G.; De Montis,
S.; Fattuoni, C. Eur. J. Org. Chem. 2002, 3393. (b) Wang, J.; Fu, Y.; Zhang, B.; Cui, X.; Lei, L.; Guo, Q.
Tetrahedron Lett. 2006, 47, 8293.

4 Nakajima, T.; Inada, T.; Igarashi, T.; Sekioka, T.; Shimizu, 1. Bull. Chem. Soc. Jpn. 2006, 79, 1941.



(E)-N-(4-chlorobenzylidene)-4-methoxybenzenamine (1d) was prepared in quantitative
yield from 4-chlorobenzaldehyde (0.703 g, 5.00 mmol) and p-anisidine (0.615 g, 5.00
mmol) according to the general procedure. "H NMR (CDCls, 400 MHz) § 8.44 (s, 1H),
7.82 (ad, J = 8.4 Hz, 2H), 7.43 (ad, J = 8.4 Hz, 2H), 7.23 (ad, /= 9.0 Hz, 2H), 6.93 (ad, J
=9.0 Hz, 2H), 3.83 (s, 3H). Analytical data is consistent with reported literature values.”

NPMP
H

Br

(E)-N-(4-bromobenzylidene)-4-methoxybenzenamine (1e) was prepared in quantitative
yield from 4-bromobenzaldehyde (0.925 g, 5.00 mmol) and p-anisidine (0.615 g, 5.00
mmol) according to the general procedure. "H NMR (CDCls, 500 MHz) & 8.43 (s, 1H),
7.76 (ad, J = 10.5 Hz, 2H), 7.59 (ad, J = 10.5 Hz, 2H), 7.24 (ad, J = 11.0 Hz, 2H), 6.93
(ad, J = 11.2 Hz, 2H), 3.84 (s, 3H); *C NMR (CDCl;, 125 MHz) § 158.7, 157.0, 144.7,
135.6, 132.2, 130.1, 125.7, 122.5, 114.6, 55.7; IR (film, cm™) 3055, 2962, 2933, 1512,
1265; HRMS-ESI (m/z): [M+H]" calcd for C;4H;NOBr requires 290.0180, found
290.0180; mp 146 °C; TLC R¢= 0.5 (5% Et,O/pentanes).

NPMP
H
O,N

(E)-N-(4-nitrobenzylidene)-4-methoxybenzenamine (1f) was prepared in quantitative
yield from 4-nitrobenzaldehyde (0.756 g, 5 mmol) and p-anisidine (0.615 g, 5 mmol)
according to the general procedure."H NMR (CDCls, 400 MHz)  8.58 (s, 1H), 8.31 (ad,
J=28.7 Hz, 2H), 8.06 (ad, J = 8.8 Hz, 2H), 7.31 (ad, /= 9.0 Hz, 2H), 6.96 (ad, J = 8.5 Hz,
2H), 3.85 (s, 3H). Analytical data is consistent with reported literature values.’

B. Procedure for the Rhodium Catalyzed Stereospecific Synthesis of 1,3-
Oxazolidines and Characterization of Products:

Procedure with Racemic Vinyl Epoxide:

In an inert atmosphere glovebox, rhodiumbis(cyclooctadiene)trifluoromethanesulfonate
(5 mg, 0.01 mmol) was weighed into a round bottom flask. The flask was sealed with a
rubber septum and removed from the glovebox. Outside of the glovebox the septum was
removed briefly to add imine (0.2 mmol, 1 equiv) and 4 A molecular sieves (40 mg). The
septum was replaced and CH,Cl, (1.0 mL) and butadienemonoxide (24 uL, 0.30 mmol,
1.5 equiv) were then added. The reaction was stirred under a N, atmosphere at room
temperature and monitored by thin layer chromatography. When the reaction was
complete the mixture was diluted with 10 mL of CH,Cl,, 10 mL of brine was then added
and the layers separated. The aqueous layer was washed 3 times with 10 mL of CH,Cl,

’ Del Buttero, P.; Baldoli, C.; Molteni, G.; Pilati, T. Tetrahedron: Asymmetry 2000, 11, 1927.



and the combined organic layers were then dried over sodium sulfate and concentrated in
vacuo. The crude material was purified by flash chromatography using Davisil® to yield
an inseparable mixture of diastereomers.

N\

O
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(¥)-3-(4-methoxyphenyl)-2-phenyl-4-vinyloxazolidine (3¢) Following the general
procedure above imine 1c¢ (0.2 mmol, 42 mg) was reacted with butadienemonoxide (24
uL, 0.3 mmol, 1.5 equiv) for 4 hours. Purification by column chromatography using
Davisil® eluting with 5% Et,O/pentanes afforded 3¢ (47 mg, 86% yield). 'H NMR
(CDCls, 400 MHz) & 7.60 (dd, J = 7.8, 1.6 Hz, 2H), 7.47-7.32 (m, 3H), 6.79 (d, J=9.0
Hz, 2H), 6.60 (d, J =9.1 Hz, 2H), 6.10-5.98 (m, 1H), 5.86 (s, 1H), 5.39 (d, /= 17.3 Hz,
1H), 5.34 (d, J = 10.3 Hz, 1H), 4.36-4.30 (m, 1H), 4.23 (dd, J = 8.3, 7.6 Hz, 1H), 3.87
(dd, J = 8.5, 6.1 Hz, 1H), 3.74 (s, 3H); *C NMR (CDCl;, 125 MHz) § 152.6, 140.9,
140.0, 138.2, 129.0, 128.7, 127.4, 117.3, 114.9, 114.6, 94.7, 70.8, 63.5, 55.8; IR (film,
cm™) 3064, 2983, 2933, 2868, 1641, 1618, 1512, 1454, 1242; HRMS-ESI (m/z): [M+H]"
caled for Ci;gH;9NO;, requires 282.1494, found 282.1486; TLC R¢ = 0.4 (5%
Et,O/pentanes).
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O
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(¥)-2,3-bis(4-methoxyphenyl)-4-vinyloxazolidine (3d) Following the general procedure
above imine 1d (0.2 mmol, 48 mg) was reacted with butadienemonoxide (32 uL, 0.4
mmol, 2 equiv) for 15 hours. Purification by column chromatography using Davisil®
eluting with 10% Et,O/pentanes afforded 3d (60% yield as determined by 'H NMR
spectroscopy; product is inseparable from p-methoxybenzaldehyde). "H NMR (CDCls,
400 MHz) & 7.51 (d, J = 8.6 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 9.0 Hz, 2H),
6.59 (d, J=9.3 Hz, 2H), 6.09-5.98 (m, 1H), 5.80 (s, 1H), 5.53 (d, J=17.7 Hz, 1H), 5.33
(d, /J=10.2 Hz, 1H), 4.32-4.24 (m, 1H), 4.20 (dd, /= 8.3, 7.0 Hz, 1H), 3.87 (dd, J = 8.5,
6.2 Hz, 1H), 3.83 (s, 3H), 3.74 (s, 3H); *C NMR (CDCl;, 125 MHz) & 160.1, 152.6,
140.9, 138.4, 132.1, 128.6, 117.2, 114.9, 114.6, 114.0, 94.4, 70.7, 63.5, 55.8, 55.4; IR
(film, cm™) 3068, 2999, 2935, 2835, 1695, 1610, 1512, 1244; HRMS-ESI (m/z): [M+H]"
caled for Ci9H2NO; requires 312.1600, found 312.1593; TLC Rf = 0.4 (10%



Et,O/pentanes).
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(£)-3-(4-methoxyphenyl)-2-p-tolyl-4-vinyloxazolidine (3e) Following the general
procedure above imine le (0.2 mmol, 45 mg) was reacted with butadienemonoxide (32
uL, 0.4 mmol, 2 equiv) for 4 hours. Purification by column chromatography using
Davisil® eluting with 5% Et,O/pentanes afforded 3e (51 mg, 86% yield). '"H NMR
(CDCl3, 500 MHz) & 7.45 (d, J = 8.0 Hz, 2H), 7.30-7.11 (m, 3H), 6.75 (d, J = 8.9 Hz,
2H), 6.56 (d, J=9.2 Hz, 2H), 6.04-5.93 (m, 1H), 5.79 (s, 1H), 5.50 (d, J=17.6 Hz, 1H),
5.30 (d, J = 10.1 Hz, 1H), 4.31-4.23 (m, 1H), 4.224.13 (m, 1H), 3.83 (dd, J = 8.6, 6.1
Hz, 1H), 3.71 (s, 3H); *C NMR (CDCl;, 125 MHz) § 152.6, 140.9, 138.8, 138.3, 137.1,
129.4, 127.3, 117.2, 114.8, 114.6, 94.6, 70.8, 63.4, 55.8; IR (film, cm™) 2981, 2931,
2866, 1614, 1464, 1512, 1244, 1041; HRMS-ESI (m/z): [M+H]" calcd for Ci9H2NO;
requires 296.1650, found 296.1645; TLC R¢= 0.4 (5% Et,O/pentanes).
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(£)-2-(4-chlorophenyl)-3-(4-methoxyphenyl)-4-vinyloxazolidine (3f) Following the
general procedure above imine 1f (0.2 mmol, 49 mg) was reacted with
butadienemonoxide (32 uL, 0.4 mmol, 2 equiv) for 15 hours. Purification by column
chromatography using Davisil® eluting with 5% Et,O/pentanes afforded 3f (55 mg, 88%
yield). "H NMR (CDCls, 500 MHz) & 7.50 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.7 Hz, 2H),
6.76 (d, J = 9.0 Hz, 2H), 6.55 (d, J = 9.0 Hz, 2H), 6.03-5.91 (m, 1H), 5.79 (s, 1H), 5.49
(d, J=16.8 Hz, 1H), 5.31 (d, J=10.3 Hz, 1H), 4.32-4.25 (m, 1H), 4.20 (dd, /= 8.4, 7.0
Hz, 1H), 3.80 (dd, J = 8.5, 6.0 Hz, 1H), 3.72 (s, 3H); *C NMR (CDCl;, 125 MHz) §
152.8, 140.6, 138.7, 138.0, 134.7, 128.9, 128.8, 117.5, 115.0, 114.7, 94.0, 70.8, 63.5,
55.8; IR (film, cm™) 3068, 2985, 2935, 2870, 2835, 1597, 1511, 1244, 1090; HRMS-ESI
(m/z): [M+H]" calcd for CsHgCINO; requires 316.1104, found 316.1095; TLC Ry = 0.4
(5% Et,O/pentanes).

Cl

Procedure with Enantioenriched Vinyl Epoxide:

In an inert atmosphere glovebox, rhodiumbis(cyclooctadiene)trifluromethanesulfonate (5
mg, 0.01 mmol) was weighed into a round bottom flask. The flask was sealed with a
rubber septum and removed from the glovebox. Outside of the glovebox the septum was



removed briefly to add imine (0.2 mmol, 1 equiv) and 4 A molecular sieves (40 mg). The
septum was replaced and CH,Cl; (1.0 mL) and butadienemonoxide (32 uL, 0.40 mmol, 2
equiv) were then added. The reaction was stirred under a N, atmosphere and monitored
by thin layer chromatography. When the reaction was complete the mixture was diluted
with 10 mL of CH,Cl, and decanted away from the molecular sieves, 10 mL of brine was
then added and the layers separated. The aqueous layer was washed 3 times with 10 mL
of CH,Cl, and the combined organic layers were then dried over sodium sulfate and
concentrated in vacuo. The crude material was purified by flash chromatography using
Davisil® to yield an inseparable mixture of diastereomers. NMR data is reported for the
major diastereomer only.

N\
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(2R,4R)-3-(4-methoxyphenyl)-2-phenyl-4-vinyloxazolidine (3¢) Following the general
procedure above imine 1c¢ (42 mg, 0.2 mmol) was reacted with butadienemonoxide (32
uL, 0.4 mmol, 2 equiv) for 6 hours. Purification by column chromatography using
Davisil® eluting with 10% Et,O/pentanes afforded 3¢ (46 mg, 82% yield). Analytical
data reported above for racemic compound. [ot]**p -31.2, [0]**s77 -33.6, [0]**s46 -35.3,
[a]**435 -44.6; SFC analysis (CHIRALPAK AD-H, 5.0% i-PA, 1.5 mL/min, 215 nm)
indicated 99% ee for major diastereomer: tg (major) = 3.53 min, tg (minor) = 4.19 min.

N
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(2R,4R)-3-(4-methoxyphenyl)-2-p-tolyl-4-vinyloxazolidine (3e) Following the general
procedure above imine le (45 mg, 0.2 mmol) was reacted with butadienemonoxide (32
uL, 0.4 mmol, 2 equiv) for 10 hours. Purification by column chromatography using
Davisil® eluting with 5-1% Et,O/pentanes afforded 3e (48 mg, 82% yield). Analytical
data reported above for racemic compound. [a]*p -49.5, [a]**s77 -45.8, [0]**s46 -55.5,
[a]**435 -69.5; SFC analysis (CHIRALPAK AD-H, 5.0% i-PA, 1.5 mL/min, 215 nm)
indicated 99% ee for major diastereomer: tg (major) = 4.27 min, tg (minor) = 4.92 min.
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(2R,4R)-2-(4-chlorophenyl)-3-(4-methoxyphenyl)-4-vinyloxazolidine (3f) Following
the general procedure above imine 1f (49 mg, 0.2 mmol) was reacted with
butadienemonoxide (32 uL, 0.4 mmol, 2 equiv) for 12 hours. Purification by column
chromatography using Davisil® eluting with 5-1% Et,O/pentanes afforded 3f (52 mg,
83% yield). Analytical data reported above for racemic compound. [a]*p -40.5, [a]**s77 -
43.6, [0]**s46 -47.2, [0]**435 -71.3. SFC analysis (CHIRALPAK AD-H, 5.0% i-PA, 1.5
mL/min, 215 nm) indicated 99% ee for major diastereomer: tg (major) = 4.90 min, tg
(minor) = 6.68 min.

Cl

C. Determination of Relative and Absolute Stereochemistry

1. Determination of relative stereochemistry of 1,3-oxazolidine:

/@1 )
(-

To determine the relative stereochemistry of H, and H. NOE experiments were
performed. When H, was irradiated interaction with the phenyl ring was observed, but

not with H, and when Hy, was irradiated interaction with H, was observed but not with the
phenyl ring. This supports a relative syn stereochemistry.

2. Determination of absolute stereochemistry:

.0
HaC O = 4MHCl o
Y N dioxane HsC~ \©\ Z
Ly

. OH
(R)-2 0 N~
(R)

After determination of the relative stereochemistry, the absolute stereochemistry of the
product was determined by hydrolysis of the oxazolidine to the aminoalcohol with 4 M



HCl in dioxane. The optical rotation of the amino alcohol was then taken and compared
to literature values.® [a]**p +13.3 (¢ =1.0, CH,CL).

I11. Procedures for the Nickel and Palladium Catalyzed Stereoselective Synthesis of
1.3-Oxazolidines

A. Synthesis and Characterization of Imines: Methanesulfonyl imines 4a-4e were
prepared according to a modified procedure reported by Jennings and Lovely, as
described below.” While Lovely and Jennings report catalytic use of titanium(IV)
chloride, using 1.0-1.1 equiv of reagent provided consistently higher yields in our hands.
Flame-dried glassware in each manipulation and anhydrous solvents were utilized to
minimize hydrolysis of the imines. Toluenesulfonyl imine 1a and (£)-N-benzylidene-4-
methyllé)g:nzenesulfonamide 4a are known and spectra were consistent with literature
values.™

1. General procedure for the synthesis of sulfonyl imines.

1
o 0 TiCl, (1.1 equiv) RIO2S.

I
HoN-S-R! > I
R)LH St CH,Cl,, 0-23 °C H)\R

To a 500 mL round bottom flask with magnetic stir bar was added methane- or
toluenesulfonamide (20.0 mmol, 1.00 equiv) followed by CH,Cl, (150 mL), aryl
aldehyde (21.0 mmol, 1.05 equiv), and Et;N (9.8 mL, 70.0 mmol, 3.50 equiv). After the
stirring solution became homogeneous, the flask was placed in an ice bath and cooled to
0 °C. Once at 0 °C, a freshly prepared 1 M solution of TiCly in CH,Cl, (20 mL, 1.0
equiv) was added slowly over 10 minutes. A color change over the time of addition of
the titanium reagent was observed. After addition of the titanium reagent, the solution
was allowed to warm to room temperature slowly over 2 h and then continued to stir.

After approximately 12—16 h, the crude reaction mixture was filtered through a pad of
celite, washing with further CH,Cl, (100 mL), then the filtrate was concentrated in vacuo
at 40 °C to achieve a thorough removal of the solvent. Next, anhydrous toluene (200 mL)
was added and the crude solution was stirred for 4 h at room temperature. At this time
the solution was again filtered through a pad of Celite, washing further with anhydrous
toluene (100 mL), and the solvent was removed in vacuo at 50 °C. This procedure
furnished material which was >95% pure after further drying at low pressure (~ 0.5 torr)
and ambient temperature. A drying tube fitted with a P,Os sidearm could be utilized to
obtain rigorously dry compound.

® Gnamm, C.; Franck, G.; Miller, N.; Stork, T.; Brodner, K.; Helmchen, G. Synthesis 2008, 3331-3350.
7 Prepared according to: Jennings, W. B.; Lovely, C. J. Tetrahedron 1991, 47, 5561.

8 Alonso, I.; Esquivias, J.; Gomez-Arrayas, R.; Carretero, J. C. J. Org. Chem. 2008, 73, 6401.
? Chen, D.; Chen, T.; Kong, L.; Zhen, R.; Zhen, S.; Wen, Y.; Zhu, G. Tetrahedron Lett. 2010, 51, 5131.



NSO,Me

(E)-N-benzylidenemethanesulfonamide (4a) was prepared from benzaldehyde (831 pL,
869 mg, 8.19 mmol) according to the general procedure and isolated as an amorphous
yellow solid (66%, 1.00 g). "H NMR & (CDCls, 500 MHz) § 9.05 (s, 1H), 7.91 (d, J= 8.1
Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 3.19 (s, 3H), 2.52 (s, 3H); C NMR & (CDCl;, 125
MHz) § 171.6, 146.9, 131.6, 130.3, 129.8, 40.6, 22.3; IR (film CDCl;, cm™) 2929, 2883,
1493, 1460, 1451, 1345, 1208, 1157, 1103; HRMS-ESI (m/z): [M+Na]" calcd for
CoH11NO,S requires 220.0408; found 220.0404; Mp = 88-89 °C; TLC R¢ = 0.6 (50%
EtOAc/Hexanes, visualized under UV).

NSO,Me
H

(E)-N-(4-methylbenzylidene)methanesulfonamide (4b) was prepared from p-
tolylaldehyde (0.94 mL, 8.0 mmol) according to the general procedure and isolated as an
amorphous yellow solid. "H NMR & (CDCls, 500 MHz) & 8.99 (s, 1H), 7.86 (d, J = 8.1
Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 3.13 (s, 3H), 2.46 (s, 3H); “C NMR § (CDCl;, 125
MHz) § 171.6, 146.0, 131.6, 130.3, 129.7, 40.6, 22.3; IR (film CH,Cl,, cm™) 3054, 2983,
1599, 1569, 1421, 1316, 1264, 1144; HRMS-ESI (m/z): [M+Na]" calcd for CoH;NO,S
requires 220.0408; found 220.0404; Mp = 76-77 °C; TLC Ry = 04 (25%
EtOAc/Hexanes, visualized under UV).

NSO,Me
H
F

(E)-N-(4-fluorobenzylidene)methanesulfonamide (4c) was prepared from p-
fluorobenzaldehyde (550 pL, 5.00 mmol) according to the general procedure and isolated
as an amorphous yellow solid (64%, 642 mg). "H NMR & (CDCls, 500 MHz) & 9.01 (s,
1H), 8.02-7.98 (m, 2H), 7.23 (t, J = 8.5 Hz, 2H), 3.14 (s, 3H); *C NMR & (CDCls, 125
MHz) 6 170.4, 167.3 (d, J = 25.8 Hz), 134.2 (d, /=9.7 Hz), 128.9 (d, /= 2.8 Hz), 117.2
(d, J=22.2 Hz), 40.7; IR (film CH,Cl,, cm™) 3049, 2983, 1599, 1583, 1508, 1418, 1319,
1264, 1144; HRMS-ESI (m/z): [M+Na]" calcd for CsHsFNO,S requires 224.0157; found
224.0149; Mp = 109-111 °C; TLC R¢= 0.3 (25% EtOAc/Hexanes, visualized under UV).

10
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N-(3,4-dimethoxybenzylidene)methanesulfonamide (4d) was prepared from 3.,4-
dimethoxybenzaldehyde (835 pL, 5.00 mmol)according to the general procedure and
isolated as an amorphous yellow solid (81%, 989 mg). 'H NMR (CDCl;, 500 MHz) §
8.91 (s, 1H), 7.57 (d, J = 1.59 Hz), 7.47 (dd, J = 8.2, 1.8 Hz, 1H), 6.98 (d, J = 8.2 Hz,
1H), 3.99 (s, 3H), 3.96 (s, 3H), 3.13 (s, 3H); *C NMR (CDCls, 125 MHz) $ 171.0, 155.7,
150.0, 129.6, 125.4, 110.9, 110.2, 56.5, 56.3, 40.7; IR (film CH,Cl,, cm™) 3032, 3015,
2967, 2935, 2840, 1875, 1598, 1515, 1440, 1295, 1140; HRMS-ESI (m/z): [M+Na]"
calcd for CioH3NO4S requires 266.0463; found 266.0456; Mp = 133-134 °C; TLC R¢=
0.1 (25% EtOAc/Hexanes, visualized under UV).

NSO,Me
H
Br

N-(2-bromobenzylidene)methanesulfonamide (4e) was prepared according to the
general procedure from o-bromobenzaldehyde (590 pL, 5.00 mmol) and isolated as an
amorphous white solid (65%, 850 mg). "H NMR (CDCls, 500 Mhz) § 9.48 (s, 1H), 8.21
(dd, J=7.7, 1.7 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.43-7.52 (m, 2H), 3.16 (s, 3H); “C
NMR (CDCls, 125 MHz) 6 171.1, 136.2, 134.2, 131.1, 130.7, 129.4, 128.3, 40.5; IR
(film CH,Cl,, cm™) 3024, 3008, 2928, 1602, 1582, 1559, 1462, 1429, 1307, 1271, 1141;
HRMS-ESI (m/z): [M+Na]" calcd for CsHgBrNO,S requires 283.9357; found 283.9352;
Mp = 119-120 °C; TLC R¢ = 0.3 (25% EtOAc/Hexanes, visualized under UV).

B. General Procedure for the Palladium-Catalyzed Stereoselective Synthesis of 1,3-
Oxazolidines and Characterization of Products: To an 8 mL screw top vial, in an inert
atmosphere glove box, was added Pd,(dba); CHCI; (2.6 mg, 0.0025 mmol, 2.5 mol %),
Josiphos-SL-J006-1 ligand (5.2 mg, 0.006 mmol, 6 mol %) and a magnetic stir bar. The
vial was closed with a cap fitted with a Teflon septum and removed from the glovebox.
A nitrogen line was affixed to the vial and diglyme (500 pL) was added at room
temperature. The vial was then stirred at room temperature for fifteen minutes. Next, the
vial was opened briefly under a high nitrogen flow and imine (0.10 mmol, 1.0 equiv) was
added. The solution was stirred another 5 minutes at room temperature followed by the
addition of butadiene monoxide via syringe (10 pL, 0.12 mmol, 1.2 equiv). The reaction
was stirred at room temperature for approximately twenty-four hours. The crude reaction
mixture was then diluted with CH,Cl, (5 mL) and SiO; gel was added. After adsorption
of the crude compound onto SiO, by concentration of the solvent in vacuo, this material
was loaded onto a SiO; column for flash chromatography. An inseparable mixture of
diastereomers was eluted utilizing a solvent gradient of EtOAc/Hexanes. Visualization of
the 1,3-oxazolidine products on TLC was accomplished via staining with PAA solution
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(dark violet spot).

N
MeOQS\N

Ph)\ 0

(25,4S5)-3-(methylsulfonyl)-2-phenyl-4-vinyloxazolidine (5a): Following the general
procedure above imine 4a (18 mg, 0.10 mmol) was reacted with butadienemonoxide (10
uL, 0.12 mmol, 1.2 equiv) for 22 hours. Purification by column chromatography with a
gradient from 5-15% EtOAc/Hexanes afforded 5a (2:1 dr) as a yellow oil (24 mg, 96%
yield). '"H NMR (CDCls, 500 MHz) Major Diastereomer: & 7.55 (dd, J = 8.1, 1.3 Hz,
2H) 7.43-7.35 (m, 3H), 6.22 (s, 1H), 5.78 (ddd, J = 17.4, 9.8, 7.3 Hz, 1H), 5.36 (d, J =
17.1 Hz, 1H), 5.23 (d, J = 10.2 Hz, 1H), 4.55-4.49, (m, 1H), 4.28 (dd, J = 8.9, 7.2 Hz,
1H), 3.83 (dd, J = 9.1, 5.6 Hz, 1H), 2.81 (s, 3H); Minor Diastereomer: 0 7.51 (dd, J =
7.8, 1.7 Hz, 2H), 7.35-7.43 (am, 3H), 6.12 (s, 1H), 6.07 (ddd, J = 17.1, 8.1, 7.2 Hz, 1H),
5.46 (d, J=17.1 Hz, 1H), 5.37 (d, J = 9.9 Hz, 1H), 4.46-4.55 (am, 1H), 4.23-4.31 (am,
1H), 3.89 (dd, J = 8.7, 3.6 Hz, 1H), 2.71 (s, 3H); *C NMR (CDCl;, 125.7 MHz) Major
Diastereomer: § 137.6, 135.9, 129.4, 128.7, 127.6, 119.1, 92.0, 71.2, 61.9, 39.4; Minor
Diastereomer: § 138.1, 134.6, 129.6, 128.7, 127.6, 120.1, 91.4, 71.1, 62.1, 41.5; HRMS-
ESI (m/z): [M+Na]" calcd for C;3H7NO;S requires 290.0827; found 290.0833; TLC R¢
= 0.4 (25% EtOAc/Hexanes, visualized under UV, PAA stains blue); [a]”D —28.6 (¢ 0.9,
CHClIs); SFC analysis (AD-H, 10.0% MeOH, 1.5 mL/min, 215 nm) indicated 91% ee for
major diastereomer: tg (minor) = 3.27 min, tg (major) =4.35 min.

—
MeOZS\ /C
N

o)

(25,4S5)-3-(methylsulfonyl)-2-p-tolyl-4-vinyloxazolidine (5b): Following the general
procedure above imine 4b (20 mg, 0.10 mmol) was reacted with butadienemonoxide (10
uL, 0.12 mmol, 1.2 equiv) for 23 hours. Purification by column chromatography with a
gradient from 5-15% EtOAc/Hexanes afforded Sb (3:1 dr) as a orange-brown oil (27 mg,
99% yield). "H NMR (CDCls, 500 MHz) Major Diastereomer: & 7.43 (d, J = 8.1 Hz,
2H), 7.20 (d, J = 8.0 Hz, 2H), 6.17 (s, 1H), 5.80 (ddd, J = 17.6, 9.8, 7.5 Hz, 1H), 5.35 (d,
J=17.2 Hz, 1H), 5.23 (d, J=10.3 Hz, 1H), 4.50 (aq, J = 6.8 Hz, 1H), 4.26 (dd, J = 9.0,
7.2 Hz, 1H), 3.83 (dd, J = 9.1, 5.4 Hz, 1H), 2.79 (s, 3H), 2.36 (s, 3H); Minor
Diastereomer: d 7.39 (d, J = 8.0 Hz, 2H), 7.17-7.22 (am, 2H), 6.08 (s, 1H), 6.00-6.10
(m, 1H), 5.45 (d, J=17.0 Hz, 1H), 5.32-5.39 (am, 2H), 4.45-4.54 (am, 1H), 4.23-4.29
(am, 1H), 3.87 (dd, J = 8.7, 3.7 Hz, 1H), 2.69 (s, 3H), 2.36 (am, 3H); *C NMR (CDCl;,
125.7 MHz) Major Diastereomer: & 139.3, 136.0, 134.6, 129.4, 127.3, 119.0, 92.1, 71.2,
61.8, 39.5, 21.4; Minor Diastereomer: & 139.6, 135.2, 134.7, 129.4, 127.5, 119.9, 91.4,
71.0, 62.1, 41.5, 21.5; IR (film CH,Cl,, cm™) 3049, 2983, 1421, 1347, 1264, 1155;
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HRMS-ESI (m/z): [M+Na]" calcd for C13H;7NO;S requires 290.0827; found 290.0828;
TLC R;= 0.4 (25% EtOAc/Hexanes, visualized under UV, PAA stains blue); [a]**p —
30.8 (¢ 2.6, CHCls); SFC analysis (OD-H, 2.50% MeOH, 2.5 mL/min, 215 nm) indicated
94% ee for the major diastereomer: tg (major) = 7.15 min, tg = 8.27 min.

—
N
ﬁ O

F

(25,45)-2-(4-fluorophenyl)-3-(methylsulfonyl)-4-vinyloxazolidine (5c¢): Following the
general procedure above imine 4¢ (20 mg, 0.10 mmol) was reacted with
butadienemonoxide (10 uL, 0.12 mmol, 1.2 equiv) for 25h. Purification by column
chromatography with a gradient from 5-15% EtOAc/Hexanes afforded Sc (2:1 dr) as a
yellow oil (26 mg, 96% yield). "H NMR § (CDCls;, 500 MHz) Major Diastereomer: &
7.55-7.51 (m, 2H), 7.11-7.06 (m, 2H), 6.23 (s, 1H), 5.76, (ddd, 17.5, 10.3, 7.8 Hz, 1H),
5.35, (dt, J=17.2, 0.9 Hz, 1H), 5.24 (dt, /= 10.3, 0.9 Hz, 1H), 4.53-4.47 (m, 1H), 4.28
(dd, J = 9.1, 7.2 Hz, 1H), 3.82 (dd, J = 9.1, 5.4 Hz, 1H), 2.82 (s, 3H); Minor
Diastereomer: § 7.46—7.58 (am, 2H), 7.03—7.13 (am, 2H), 6.10 (s, 1H), 6.00-6.11 (am,
1H), 5.47 (d, J=17.2 Hz, 1H), 5.39 (d, /= 10.0 Hz, 1H), 4.44-4.53 (am, 1H), 4.21 (dd, J
= 8.7, 6.0 Hz, 1H), 3.88 (dd, J = 8.9, 3.6 Hz, 1H), 2.76 (s, 3H); *C NMR (CDCl;, 125.7
MHz) Major Diastereomer: 6 164.4 (d, J = 7.9 Hz), 135.8, 133.6 (d, J = 2.8 Hz), 129.2
(d, J = 83 Hz), 119.2, 115.7 (d, J = 21.7 Hz), 91.4, 71.12, 61.8, 39.3; Minor
Diastereomer: § 162.4 (d, J=7.4 Hz), 134.3, 134.2 (d, /= 3.2 Hz), 129.4 (d, J = 8.3 Hz),
120.4, 115.6 (d, J = 21.7 Hz), 90.7, 70.9, 62.1, 41.5; IR (film CH,Cl,, cm™") 3054, 2983,
1604, 1423, 1347, 1264, 1226, 1155, 1091; HRMS-ESI (m/z): [M+Na]" calcd for
C12H14FNOsS requires 294.0576; found 294.0580; TLC R¢= 0.3 (25% EtOAc/Hexanes,
visualized under UV, PAA stains blue); [a]**p —10.8 (¢ 2.8, CHCls); SFC analysis (AD-
H, 10.0% MeOH, 2.0 mL/min, 215 nm) indicated 91% ee for the major diastereomer: tg
(minor) = 3.56 min, tg (major) = 4.02 min.

—
N

0]

MeO
OMe

(25,4S5)-2-(3,4-dimethoxyphenyl)-3-(methylsulfonyl)-4-vinyloxazolidine (5d):
Following the general procedure above imine 4d (24 mg, 0.10 mmol) was reacted with
butadienemonoxide (10 uL, 0.12 mmol, 1.2 equiv) for 23 hours. Purification by column
chromatography with a gradient from 10-25% EtOAc/Hexanes afforded Sd (3:1 dr) as a
tan oil (30 mg, 97% yield). "H NMR (CDCls, 500 MHz) Major Diastereomer: § 7.11
(adt, J = 8.6, 1.7 Hz, 1H), 7.06 (ad, J = 1.5 Hz, 1H), 6.88 (d, J = 8.3 Hz, 1H), 6.16 (s,
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1H), 5.81 (ddd, /= 17.4, 10.2, 7.6 Hz, 1H), 5.37 (ad, J=17.0 Hz, 1H), 5.25 (d, J=10.2
Hz, 1H), 4.52 (aq, J = 6.4 Hz, 1H), 4.27 (ad, 8.9 Hz, 1H), 3.90 (s, 6H), 3.83-3.88 (m,
1H), 2.80 (s, 3H); Minor Diastereomer: 6 7.08-7.14 (am, 1H), 7.00 (d, J= 1.7 Hz, 1H),
6.88 (d, J = 8.2 Hz, 1H), 6.06 (s, 1H), 6.02—6.10 (m, 1H), 5.45 (d, J = 17.1 Hz, 1H),
5.34-5.40 (am, 1H), 4.46-4.55 (am, 1H), 4.24-4.29 (am, 1H), 3.97 (dd, J = 13.6, 6.5 Hz,
1H), 3.91 (s, 3H), 2.71 (s, 3H); *C NMR 8 (CDCls, 125.7 MHz) Major Diastereomer: d
149.7, 149.2, 136.1, 129.9, 120.0, 118.9, 110.9, 110.1, 92.0, 71.1, 61.7, 56.1, 40.7; Minor
Diastereomer: § 151.0, 149.2, 134.6, 130.4, 120.2, 119.9, 110.8, 110.5, 91.3, 71.0, 62.1,
56.2, 40.7 (2C); IR (film CH,Cl,, cm™) 3015, 2967, 2935, 2840, 1598, 1515, 1440, 1378,
1295, 1140, 1020; HRMS-ESI (m/z): [M+Na]" calcd for C14H;9NOsS requires 336.0882;
found 336.0877; TLC R¢= 0.6 (50% EtOAc/Hexanes, visualized under UV, PAA stains
blue); [a]**p —56.6 (¢ 0.3, CHCls); SFC analysis (AD-H, 10.0% MeOH, 2.0 mL/min, 215
nm) indicated 89% ee for the major diastereomer: tg (minor) = 5.82 min, tg (major) =
6.23 min.

/
M602S\ /C
N

(25,45)-2-(2-bromophenyl)-3-(methylsulfonyl)-4-vinyloxazolidine (5e): Following the
general procedure above imine 4e (26 mg, 0.10 mmol) was reacted with
butadienemonoxide (10 uL, 0.12 mmol, 1.2 equiv) for 24 hours. Purification by column
chromatography with a gradient from 5-15% EtOAc/Hexanes afforded Se (2:1 dr) as an
orange-brown oil (22 mg, 67% yield). "H NMR (CDCls, 500 MHz) Major Diastereomer:
d7.65(dd, J=17.8, 1.6 Hz, 1H), 7.61 (ad, J= 7.8 Hz, 1H), 7.37 (t, J= 7.7 Hz, 1H), 7.23—
7.27 (m, 1H), 6.48 (s, 1H), 6.00-6.08 (m, 1H), 5.47 (d, J = 17.1 Hz, 1H), 5.38 (d, J =
10.4 Hz, 1H), 4.52 (q, J = 7.0 Hz, 1H), 4.24 (dd, J = 9.2, 6.9 Hz, 1H), 3.80 (dd, J=9.2,
6.2 Hz, 1H), 2.92 (s, 3H); Minor Diastereomer: 7.58-7.63 (am, 2H), 7.35-7.39 (am, 1H),
7.21-7.27 (am, 1H), 6.40 (s, 1H), 6.03 (am, 1H), 5.54 (d, J=17.0 Hz, 1H), 5.43 (d, J =
10.0 Hz, 1H), (ddd, J=7.3, 5.8, 1.5 Hz, 1H), 4.13 (dd, J=9.2, 5.8 Hz, 1H), 3.87 (dd, J =
9.2, 1.8 Hz, 1H), 2.98 (s, 3H); *C NMR Major Diastereomer: & (CDCls, 125.7 MHz) &
136.4, 135.1, 133.8, 131.1, 129.1, 127.5, 124.1, 120.1, 91.8, 70.6, 62.4, 39.0; Minor
Diastereomer: d 136.7, 134.5, 133.6, 130.9, 129.1, 127.3, 123.5, 121.1, 94.4, 70.2, 62.5,
41.4; IR (film CH,Cl,, cm™) 3054, 2989, 2928, 2879, 1437, 1344, 1262, 1201, 1102,
1023; HRMS-ESI (m/z): [M+Na]" caled for C;,H4BrNOsS requires 353.9775; found
353.9764; TLC R¢= 0.3 (25% EtOAc/Hexanes, visualized under UV, PAA stains blue);;
SFC analysis (AD-H, 5.0% MeOH, 2.0 mL/min, 215 nm) indicated 86% ee for the major
diastereomer: tg (major) = 6.65 min, tg (minor) = 7.25 min.
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(25,45)-4-methyl-3-(methylsulfonyl)-2-phenyl-4-vinyloxazolidine (5f): Except for the
following modifications, the general procedure above was followed. Imine 4a (36 mg,
0.2 mmol) was reacted with isoprene monoxide (49 uL, 0.50 mmol, 2.5 equiv) in diglyme
(1 mL) for 48 hours. Purification by column chromatography with a gradient from 5-
15% EtOAc/Hexanes afforded 5f (3:1 dr) as a yellow oil (52 mg, 96% yield). "H NMR §
(CDCls, 500 MHz) Major Diastereomer: § 7.53—7.59 (m, 2H), 7.36-7.44 (m, 3H), 6.26
(d, J = 10.6 Hz, 1H), 6.22 (d, J = 10.8 Hz, 1H), 6.12 (s, 1H), 5.43 (d, J = 17.5 Hz, 1H),
5.35(d, J=10.5 Hz, 1H), 3.96 (d, J = 8.9 Hz, 1H), 3.83 (d, J = 8.9 Hz, 1H), 2.75 (s, 3H),
1.68 (s, 3H); Minor Diastereomer: 6 7.53—7.60 (am, 2H), 7.35-7.44 (am, 3H), 6.10-6.19
(am, 1H), 6.12 (am, 1H), 5.36-5.41 (am, 1H), 5.32 (d, J = 11.0 Hz, 1H), 4.06 (d, J = 8.7
Hz, 1H), 3.81-3.85 (am, 1H), 2.58 (s, 3H), 1.78 (s, 3H); *C NMR § (CDCls, 125 Hz) &
139.2, 138.39, 129.43, 128.7, 127.7, 116.3, 92.38, 77.32, 66.26, 41.54, 22.05; IR (film
CH2Cl,, cm™) 3060, 2983, 2934, 2873, 1454, 1412, 1338, 1264, 1202, 1154, 1075, 1026;
HRMS-ESI (m/z): [M+Na]" caled for C3H;7NOsS requires 290.0827; found 290.0833;
TLC R; = 0.5 (50% EtOAc/Hexanes, visualized under UV, PAA stains blue); [a]**p
+15.8 (¢ 3.9, CHCl); SFC analysis (CHIRALPAK AD-H, Gradient: (2.5% i-PA-18.5

min, 10.0% iPA-10 min), 215 nm) indicated 62% ee for the major diasterecomer: tg
(minor) = 13.1 min, tg (major) = 23.5 min.

C. Determination of Stereochemistry in the Nickel- and Palladium-Catalyzed

Reaction:
1. Determination of relative stereochemistry: Determined through NOESY
correlation as is shown below. Only cross peaks related to the cis-diastereomer were
identified when a purified sample of the major diastereomer in the nickel-catalyzed
reaction was analyzed. NOESY analysis showed NOE cross-peaks between the aryl
ring protons (H" and H) and the vinyl protons (H® and HY) of the 1,3-oxazolidine ring.
Note: the "H NMR chemical shifts of this diastereomer matched the chemical shifts of
the major diasterecomer in the palladium-catalyzed reaction employing the Josiphos
ligand. This leads us to conclude that both nickel(DIPAMP) catalyst and
palladium(Josiphos) catalyst reactions afford the cis-isomer as the major diastereomer.

NOESY: Observed Cross Peaks
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Ol\S/(O Ni(cod), (10 mol %) O\\S//O — Lo
N™"Me 22— _DIPAMP (10 mol %) Me” N
Ph * O Ti(Oi-Pr), (30 mol %)
THF, -20 °C O
Hb
Ha

Cis Diastereomer

2. Determination of absolute stereochemistry.

a. Preparation of authentic aminoalcohol (R)-SI-3: The following modified
sequence was employed to produce (R)-SI-3 for comparison to material obtained from
our catalytic reaction. Overman rearrangement of SI-1 to provide (R)-SI2 was
accomplished according to the procedure of Jirgensons and co-workers, and (R)-SI2 had
spectral and optical rotation that were in good agreement with the reported values.®
Hydrolysis and subsequent mesylation of SI-2 was then accomplished by a two step
procedure described below to provide (R)-SI-3.

NH

PACl,(PhCN), (2.5 mol %) o Me\sp
Cl3C” O (R)-Binap (3.0 mol %) ST a) EtOH, 6 N HCI 77 NH
AgBF, (8.0 mol %) NX(”) b) TEA (4.5 equiv.) Q
| CH,CI,, 23 °C LG ! MsCI (1.1 equiv.) G
57 % 3 0 DMF,0°Ctort OH
34 %
SI-1 O\[]/CCIS Sl-2 (over 2 steps) (R)-SI-3

NH [a]?*p +4.5 (c 2.1, CHCI3)

SI-2 (277 mg, 1.29 mmol, 1.00 equiv) was dissolved in EtOH (2.0 mL) and 6 N HCI
(2.0 mL) was added at room temperature and stirred for 1h. After stirring for 1 h, the
crude reaction mixture was concentrated in vacuo to give the HCI salt of the amino
alcohol. The product was then taken on directly by dissolving in DMF (2.5 mL), adding
TEA (800 pL, 5.81 mmol) and stirring for 30 min. After 30 min, MsCl (110 pL, 1.42
mmol) was added via syringe to the stirring reaction mixture and the reaction was
monitored by TLC for completion. After no starting material remained the crude reaction
mixture was diluted with EtOAc (15 mL) and NH4Cl (5 mL) and the organic layer was
extracted (4x EtOAc). The combined organic layers were then dried over Na;SOu,
decanted and concentrated in vacuo to give a crude oil. Purification was achieved by
column chromatography eluting with a gradient from 20-40% EtOAc/Hexanes to produce
(R)-SI-3, a clear oil (213 mg, 34%). "H NMR § (500 MHz, CDCls) § 5.82 (ddd, J = 17.0,
10.5, 6.60 Hz, 1H), 5.41 (d, J = 17.1 Hz, 1H), 5.33 (d, J = 10.4 Hz, 1H), 5.01 (bd, 7.34
Hz, 1H), 4.09 (addd, J = 12.4, 10.2, 5.75 Hz, 1H), 3.79 (dd, J = 11.3, 4.16 Hz, 1H), 3.62
(dd, J=11.0, 6.24 Hz, 1H), 3.01 (s, 3H), 2.11 (bs, 1H); *C NMR & (125 MHz, CDCls) §
134.9, 118.6, 65.25, 58.17, 42.15; IR (film CH,Cl,, cm™) 3500, 3362, 3285, 3054, 2989,
2934, 1421, 1325, 1267, 1152, 1075, 984; HRMS-ESI (m/z): [M+Na]" calcd for
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CsH;1NOsS requires 188.0357; found 188.0359; TLC R¢ = .05 (50% EtOAc/Hexanes,
PAA stain purple); [a]**p +4.85 (¢ 2.1, CHCL).

a. Hydrolysis of 5a to aminoalcohol SI-3:

ve. O
e
Pd,(dba)3 CHCl5 (2.5 mol %) _ S NH
A NMS  Josiphos-SL-J001-1 (6.0mol %) MsN—{19) & N HOI MeOH o :
o " Ph) mi2h ©
Ph*(sT0 OH
()2 4a 5a (S)-SI-3

[0]?p -4.9 (c 1.6, CHCly)

(S)-N-(1-hydroxybut-3-en-2-yl)methanesulfonamide (5)-SI-3 Oxazolidine 5a (72 mg,
0.28 mmol), which had been prepared according to the general asymmetric palladium-
catalyzed method using Josiphos ligand SL-JOO1-1, was dissolved in MeOH (1 mL)
followed by addition of 6 N HCI (260 pL, 1.55 mmol) and stirring for 1 hour. After 1
hour the crude reaction solution was diluted with EtOAc (15 mL) and satd. NaCl solution
(5 mL) and the organic layer was extracted (3x EtOAc). The combined organic layers
were dried over Na,SQy, decanted and concentrated in vacuo. The crude oil was then
purified by column chromatography to remove benzaldehyde. A small plug of silica
eluting first with 20% EtOAc/Hexanes, followed by 75% EtOAc/hexanes produced clean
(8)-SI-3. The optical rotation of the was then taken: [a]**p —4.95 (¢ 1.4, CHCL;), and is
consistent with the formation of the (S,S5)-1,3-oxazolidine.

D. Nickel-Catalyzed Synthesis of 1,3-Oxazolidines: General Procedure, Substrate
Scope and Mechanistic Reactions (7able 6):

MeOZS MeOZS MeOZS MeOZS
Sl-4
88 % yield 76 % yield 74 % yield 63 % yield
>95:5d.r.;65% e.e. >95:5d.r.;62% e.e. >295:5d.r.;61% e.e. 295:5d.r.;65% e.e.

1. General procedure for the nickel-catalyzed synthesis of 1,3-oxazolidines: To an 8
mL screw-top vial with septum, in an inert-air glove box, was added Ni(cod), (5.5 mg,
10 mol %) and (S,S)- or (R,R)- DIPAMP ligand (9.2 mg, 0.02 mmol, 10.0 mol %).
TBAT (108 mg, 0.20 mmol) was then added, the vial was capped and subsequently
removed from the glove box. An N, line was added, followed by the addition of 1 mL
THF and the vial was placed in a bath at -20 °C to stir for 15 min. After the 15 min.
pre-stir, the vial was briefly removed from the bath, opened under high flow of N, for
addition of the solid aryl imine (0.20 mmol), then placed back in the -20 °C bath. After
another 5 minutes of stirring, butadiene monoxide (£)-2 (19 puL, 0.24 mmol) was added
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via syringe, followed immediately by addition of Ti(Oi-Pr)4 (18 pL, 0.30 mmol) via
syringe. The reaction was then stirred for 16-24 h while monitoring conversion by TLC
for disappearance of imine (UV). When the reaction was judged complete, it was
filtered through a small pad of celite rinsing with CH,Cl, (15 mL). The filtrate was
then diluted with DI water (5 mL) and extracted with CH,Cl, (x 3). The combined
organic layers were dried with Na,SO4, decanted and concentrated in vacuo.
Purification was achieved through SiO, gel chromatography (15-25% Et,O/pentanes) to
provide analytically pure products. Characterization data for compounds 5a-Sc
matched values for oxazolidine products produced using the palladium-catalyzed
method (with the exception of optical rotation).

2. Nickel-catalyzed mechanistic experiments (7able 6): For reactions performed
utilizing enantiopure (99% ee) butadiene monoxide [(R)-2], the general nickel-
catalyzed procedure above was followed. The only deviations from the general nickel-
catalyzed reaction procedure were the use of enantiopure vinyl epoxide (R)-2 and the
use of either dppe, (R,R)- or (S,S)-Dipamp as ligand.

3. Characterization data for SI-4 and SI-5

\
Meo S\
2 N

ﬁ °
FsC

3-(methylsulfonyl)-2-(4-(trifluoromethyl)phenyl)-4-vinyloxazolidine (SI-4):
Following the general procedure above imine SI-5 (50 mg, 0.20 mmol) was reacted with
butadienemonoxide (19 pL, 0.24 mmol, 1.2 equiv) for 48 hours. Purification by column
chromatography with a gradient from 15-25% Et,O/pentanes afforded SI-4 (19:1 dr) as a
pale yellow oil (41 mg, 67% yield). '"H NMR & (CDCls, 600 MHz) & 7.69 (d, J = 8.2 Hz,
2H), 7.65 (d, J = 8.2 Hz, 2H), 6.27 (s, 1H), 5.71 (ddd, J=17.5,9.8, 7.2, 1H), 5.35 (d, J =
17.0 Hz, 1H), 5.23 (d, J = 10.1 Hz, 1H), 4.50 (aq, J = 6.8 Hz, 1H), 4.32 (dd, J=9.1, 7.2,
1H), 3.79 (dd, J = 9.2, 6.2, 1H), 2.90 (s, 3H); *C NMR § (CDCls, 125 MHz) 141.9,
135.4, 131.5 (d, J =32 Hz), 127.7, 125.75 (q, J = 3.9 Hz), 125.70 (d, J = 2.2 Hz), 119.4,
91.1, 71.3, 62.0, 38.3; HRMS-ESI (m/z): [M+Na]" calcd for C;3H;4F3sNO;S requires
344.0544; found 344.0543; SFC analysis (AD-H, 10.0% MeOH, 1.5 mL/min, 215 nm)
indicated 61% ee for the major diastereomer: tg (major) = 4.04 min, tg (minor) = 4.39
min.

(E)-N-(4-(trifluoromethyl)benzylidene)methanesulfonamide (SI-5)

NSO,Me
H

FsC S5
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SI-5 was prepared from 4-trifluoromethylbenzaldehyde (550 pL, 5.00 mmol) according
to the general procedure and isolated as an amorphous yellow solid (57%, 714 mg). 'H
NMR (CDCl;, 500 MHz) 8 9.10 (s, 1H), 8.10 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.1 Hz,
2H), 3.18 (s, 3H); *C NMR (CDCl;, 125 MHz) & 170.2, 136.1 (q, 32.8 Hz), 135.1,
131.4, 126.3 (q, 3.70 Hz), 123.4 (d, 273 Hz), 40.3; IR; HRMS-ESI (m/z): [M+Na]" calcd
for CoHgF3NO;S requires 274.0125; found 274.0127.
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