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1. General Information

Unless otherwise stated, reactions were performed in flame-dried glassware fitted with rubber septa under an argon
atmosphere and were stirred with Teflon-coated magnetic stirring bars. Liquid reagents and solvents were transferred
via syringe using standard Schlennk techniques. Benzene and dichloromethane were freshly distilled over calcium
hydride. Tetrahydrofuran (THF) was distilled over sodium/benzophenone ketyl. All other solvents and reagents were
used as received unless otherwise noted. Reaction temperatures above 23 °C refer to oil bath temperatures. Thin layer
chromatography was performed using Silicycle silica gel 60 F-254 precoated plates (0.25 mm) and visualized by UV
irradiation and cerium ammonium molybdate stain. SiliCycle Silica-P silica gel (particle size 40-63 pm) was used for
flash column chromatography. 'H and '*C NMR spectra were recorded on Bruker AV-500, DRX-500 and AV-400
MHz spectrometers with 13C operating frequencies of 125, 125 and 100 MHz, respectively. Chemical shifts (3) are
reported in ppm relative to the residual solvent CD(H)Cl; signal (5 = 7.26 for '"H NMR and & = 77.0 for *C NMR).
Data for '"H NMR spectra are reported as follows: chemical shift, multiplicity, coupling constants (Hz), and number
of hydrogens. Data for 3C NMR spectra are reported in terms of chemical shift. The following abbreviations were
used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet.
HRMS (ESI) was recorded on an IonSpec Ultima 7T FTICR using samples in CH3CN. MALDI mass data was
obtained on an AB/PerSpective DE-STR TOF instrument using samples in CH3CN with 2,5-dihydroxybenzoic acid
as a matrix. X-ray crystallographic data were collected using a Bruker SMART CCD based diffractometer equipped
with a low-temperature apparatus operating at 100K. Melting points (mp) are uncorrected and were collected on an
Electrothermal® capillary melting point apparatus. Optical rotations were determined using an Autopol IV polarimeter
and a 50-mm cell at concentrations close to 1 g/100 mL. All values of ee were determined through chiral HPLC using
a Shimadzu CBM Lite system.

Abbreviations. Ms = methanesulfonyl, Ts = p-toluenesulfonyl, Ns = p-nitrobenzenesulfonyl, Bs = benzenesulfonyl,
PMP = p-methoxyphenyl, Ar = aryl, THF = tetrahydrofuran, EtOAc = ethyl acetate, MeOH = methanol, EtsN =
triethylamine, HOAc = acetic acid, PhOH = phenol.
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2. Catalyst Preparation
The diol 1 was prepared on 100-g scale following a literature procedure.! Only one purification was required:
distillation of the ester precursor to the diol 1.

2.1. Preparation of the Mesylates 2 and 2’

/ Et3N (2.5 equiv) /
HO \( MsClI (2.5 equiv) MsO \<
p CH,Cl, (0.4 M) p

“—OH 0°C—rt, 24 h “—OMs

1 2

A solution of methanesulfonyl chloride (97.0 mL, 1250 mmol) was added dropwise to a stirred solution of the diol 1
(85 g, 500 mmol) and EtsN (174 mL, 1250 mmol) in CH2Clz (0.4 M) at 0 °C. After stirring at 0 °C for 30 min, the
mixture was warmed to room temperature and stirred for an additional 24 h. Upon completion (TLC), the reaction
was quenched through the addition of saturated aqueous NaHCO3 (400 mL). The aqueous phase was extracted with
CH:CL: (3 x 400 mL); the combined organic phases were washed with brine, dried (anhydrous Na>SO4), and
concentrated (rotary evaporation) to provide the dimesylate 2 as a viscous liquid (160 g, 98% yield). IR (film) vmax
3355, 2930, 2360, 1646 cm™!; '"H NMR (500 MHz, CDCls) § 5.07 (t, J = 3.6 Hz, 1H), 4.93 (s, 1H), 4.73 (s, 1H), 4.10
(dd, J=10.0, 5.2 Hz, 1H), 3.94 (dd, J=10.0, 7.2 Hz, 1H), 3.10-3.03 (m, 1H), 3.01 (s, 3H), 2.97 (s, 3H), 2.25-2.12
(m, 3H), 2.06-1.79 (m, 1H), 1.79 (s, 3H), 1.17 (d, J = 6.8 Hz, 3H); 1*C NMR (125 MHz, CDCl3) § 142.5, 112.2, 85.6,
70.4,44.3,44.2,42.1, 38.2, 37.1, 23.4, 14.7; LRMS (MALDI) caled for C12H2206S2 m/z 326.09, found 326.1.

MsO .\\/( O3 MsO
‘ CH,Cl,/MeOH (4:1, 0.2 M);
% OMs FeSO,-7H,0 (1.2 equiv) “_OMs
PhSH (1.5 equiv) 2/
2 —78 “C—rt, overnight

A stirred solution of the dimesylate 2 (16.3 g, 50.0 mmol) in CH2Cl/MeOH (4:1, 0.2 M) was cooled to —78 °C in an
acetone/dry ice bath. Ozone was bubbled through the cooled solution until a blue color was observed. The solution
was purged with argon for 30 min and then thiophenol (7.65 mL, 75.0 mmol) and iron(II) sulfate heptahydrate (16.7
g, 60.0 mmol) were added sequentially. The cooling bath was removed and the mixture was warmed to room
temperature and stirred overnight. Water (100 mL) was added and then the aqueous phase was extracted with CH2Cla
(3 x 100 mL). The combined organic phases were washed with saturated aqueous NaHCOs and brine, dried (anhydrous
Na2SO04), and concentrated (rotary evaporation). The residue was purified through flash column chromatography (SiOz;
EtOAc/hexanes, 1:2) to give the dimesylate 2" as a white solid (11.4 g, 80% yield). When performed on 150-mmol
scale, a similar procedure was followed, except for purification. The crude product was triturated in diethyl ether for
10 min and the filter cake collected and dried under vacuum to give the dimesylate 2" as a white solid (ca. 65% yield,
average from five runs). m.p. 95-96 °C (decomp); IR (film) vmax 3027, 2940, 1332, 1171 cm™; '"H NMR (500 MHz,
CDCl3) 6 5.04 (s, 1H), 4.26 (dd, J=4.2, 9.8 Hz, 1H), 4.19 (dd, J= 5.2, 9.7 Hz, 1H), 3.02 (s, 3H), 3.01 (s, 3H), 2.16—
1.88 (m, 5H), 1.62-1.54 (m, 1H), 1.14 (d, J = 6.7 Hz, 3H); '*C NMR (125 MHz, CDCl) 5 87.8, 71.0, 42.9, 41.3, 38.3,
37.3, 31.8, 25.5, 12.8; HRMS (ESI-TOF) calcd for HCoHi5O6S2 287.0623, found 287.0625.
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2.2. Dialkylation of the Mesylates to Prepare the Phosphine Oxides 3a, 3e, 3e’, 3f, and 3f"

MsO n-BuLi (3.0 equiv) P’Ar
+  ArPH, 1
4 THF (0.1 M) o)
“—OMs —78 ‘C—rt, 48 h;

2 (1.5 equiv) H,0, (5.0 equiv) 3

n-Butyllithium (2.1 M solution in hexanes, 3.0 equiv) was added via syringe over 30 min to a stirred solution of
arylphosphine (1.5 equiv) in THF (0.1 M) at —78 °C under argon. The orange solution was warmed to room
temperature and stirred for 2 h. The resulting bright yellow suspension was cooled to —78 °C and then a solution of
the dimesylate 2 (1.0 equiv) in THF (0.5 M) was added dropwise via cannula over 1 h. The resulting mixture was
warmed to room temperature and stirred for an additional 48 h. Upon completion (TLC), the reaction was quenched
through the addition of half-saturated aqueous NH4Cl. The THF was removed through rotary evaporation, and the
aqueous phase was extracted three times with CH2Clo. The combined organic phases were carefully treated with 35%
aqueous H202 (5.0 equiv) and stirred for 1 h.” The mixture was washed with saturated aqueous Na2S>03 and extracted
three times with CH2Clz. The combined organic phases were washed with brine, dried (anhydrous Na2SOa), and
concentrated (rotary evaporation). The residue was purified through flash column chromatography (SiOz;
EtOAc/MeOH, 98:2) to give the phosphine oxide 3. The phosphine oxides 3e/3e” and 3f/3f” were prepared following
a similar procedure; the crude products were purified through flash column chromatography (SiO2; EtOAc/MeOH,
100:0 — 95:5) to give the phosphine oxide 3e/3f followed by the phosphine oxide 3e"/3f".

“Hydrogen peroxide is extremely dangerous and care must be taken to avoid generation of highly reactive and
potentially explosive organoperoxide compounds. It is important to wash with sodium thiosulfate to quench

any such species, as well as use peroxide test strips.

e

3a
Phosphine Oxide 3a (85% yield); IR (film) vmax 3387, 2964, 2359, 1653 cm™!; 'H NMR (500 MHz, CDCl3) & 7.78—
7.74 (m, 2H), 7.52-7.47 (m, 3H), 5.28 (s, 1H), 5.11 (s, 1H), 2.92-2.90 (m, 1H), 2.66 (ddd, /= 19.5, 14.0, 6.0 Hz,
1H), 2.44 (td, J=29.5, 5.0 Hz, 1H), 2.33-2.03 (m, 4H), 1.84 (t,J = 13.5 Hz, 1H), 1.77 (s, 3H), 1.08 (d, /= 7.0 Hz,
3H); 3*C NMR (125 MHz, CDCl3) & 142.5, 134.0 (d, Jcp = 89 Hz), 131.3 (d, Jcp = 2.7 Hz), 130.2 (d, Jcp = 8.8 Hz),
128.5 (d, Jer = 10.8 Hz), 112.6, 45.1, 44.1, 42.4 (d, Jcp = 24.6 Hz), 42.1 (d, Jer = 24.6 Hz), 27.3, 26.0, 23.8, 20.2 (d,
Jep = 6.6 Hz), 13.6 (d, Jcp = 16.0 Hz); 'P NMR (161 MHz, CDCl3) 8 54.8; HRMS (ESI-TOF) calcd for HC16H210P
261.1408, found 261.1407.

Phosphine Oxide 3e (54% yield, 80% combined yield); m.p. 79-82 °C; IR (film) vmax 2968, 2876, 1436, 1168 cm™;
'"H NMR (500 MHz, CDCl3) § 7.79-7.74 (m, 2H), 7.54-7.45 (m, 3H), 2.53-2.43 (m, 1H), 2.40-2.27 (m, 3H), 2.12—
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1.95 (m, 3H), 1.72-1.58 (m, 2H), 0.95 (d, J = 6.7 Hz, 3H); *C NMR (125 MHz, CDCL) 8 133.6 (d, Jcr = 89.2 Hz),
131.5 (d, Jer = 2.8 Hz), 130.3 (d, Jer = 9.3 Hz), 128.6 (d, Jop = 11.3 Hz), 42.2 (d, Jor = 46.3), 41.9 (d, Jep = 4.6 Hz),
41.9 (d, Jor = 4.0 Hz), 34.4 (d, Jer = 60.7 Hz), 26.7 (d, Jop = 1.5 Hz), 17.7 (d, Jer = 7.1 Hz), 13.7 (d, Jer = 15.6 Hz);
31P NMR (202 MHz, CDCL:) § 56.0; HRMS (ESI-TOF) caled for HC1sHi7OP 221.1095, found 221.1095.

IE .0

Phosphine Oxide 3e’ (26% yield, 80% combined yield); m.p. 97-98 °C; IR (film) vmax 3048, 2963, 2936, 1143 cm™*;
'H NMR (500 MHz, CDCl3) § 7.76-7.67 (m, 2H), 7.55-7.42 (m, 3H), 2.87 (quint, J = 6.8 Hz, 1H), 2.41 (d, J=31.1
Hz, 1H), 2.18 (t, J= 6.0 Hz, 1H), 2.12-2.03 (m, 2H), 1.91-1.68 (m, 2H), 1.25-1.06 (m, 2H), 1.03 (d, /= 6.8 Hz, 3H);
BC NMR (125 MHz, CDCl3) 8 131.7 (d, Jcr = 2.8 Hz), 130.9 (d, Jcp = 9.0 Hz), 130.4 (d, Jcr = 90.8 Hz), 128.5 (d, Jep
=10.9 Hz), 43.2 (d, Jcr = 7.2 Hz), 42.4 (d, Jcr = 68.5 Hz), 40.2, 36.6 (d, Jcp = 58.0 Hz), 25.9, 18.9 (Jcpr = 3.6 Hz),
13.5 (d, Jer = 13.1 Hz);3'P NMR (202 MHz, CDCl3) § 57.9; HRMS (ESI-TOF) calcd for HC13Hi70P 221.1095, found
221.1096.

OMe
pey
o 3f

Phosphine Oxide 3f (53% yield, 82% combined yield); IR (film) vmax 2957, 2878, 1597, 1165 cm™!; 'H NMR (500
MHz, CDCls) 6 7.70 (dd, J = 8.7, 10.4 Hz, 2H), 6.99 (dd, J = 2.0, 8.8 Hz, 2H), 3.85 (s, 3H), 2.50-2.43 (m, 1H), 2.38-
2.24 (m, 3H), 2.09-1.95 (m, 3H), 1.69-1.65 (m, 1H), 1.60 (dd, J = 12.3, 13.6 Hz, 1H), 0.95 (d, J = 6.8 Hz, 3H); 1*C
NMR (125 MHz, CDCls) § 162.1 (d, Jcp = 2.8 Hz), 132.2 (Jep = 10.3 Hz), 124.8 (d, Jcp = 95.2 Hz), 114.1 (Jep=12.2
Hz), 55.2, 42.4 (Jer = 68.1 Hz), 42.0 (Jer = 12.9 Hz), 41.9, 34.7 (Jcr = 62.0 Hz), 26.7 (d, Jer = 1.5 Hz), 17.8 (Jer =
7.1 Hz), 13.8 (Jcp = 15.5 Hz);*'P NMR (202 MHz, CDCl3) § 55.4; HRMS (ESI-TOF) calcd for HC14H1902P 251.1201,
found 251.1206.

;Ii\lp”’o
e

OMe

Phosphine Oxide 3f" (29% yield, 82% combined yield); IR (film) vmax 3012, 2967, 1597, 1139 cm™'; '"H NMR (500
MHz, CDCls) 6 7.65 (dd, J = 8.8, 10.4 Hz, 2H), 6.99 (dd, J= 2.2, 8.9 Hz, 2H), 3.85 (s, 3H), 2.84 (quint, /= 7.0 Hz,
1H), 2.40 (d, J = 30.3 Hz, 1H), 2.16 (t, /= 6.2 Hz, 1H), 2.12-2.02 (m, 2H), 1.89-1.72 (m, 2H), 1.26-1.09 (m, 2H),
1.04 (d, J = 6.9 Hz, 3H); *C NMR (125 MHz, CDCl3) 8 162.4 (d, Jcp = 2.9 Hz), 132.9 (d, Jcr = 10.1 Hz), 121.6 (d,
Jer =96.5 Hz), 114.2 (d, Jer = 12.3 Hz), 55.4, 43.3 (d, Jer = 7.2 Hz), 42.7 (d, Jer = 69.4 Hz), 40.4, 37.1 (d, Jcp = 36.8
Hz), 26.0, 19.1 (d, Jcp = 3.7 Hz), 13.6 (d, Jcp = 13.6 Hz); *'P NMR (202 MHz, CDCl3) & 57.2; HRMS (ESI-TOF)
calcd for HC14H1902P 251.1201, found 251.1203.
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2.3. Preparation of the Phosphine Oxides 3b, 3c, and 3d

@ Wilkinson’s cat. (2 mol%) @
'.3. H, (20 bar) P
(6]

benzene (0.4 M) 0
rt, 24 h
3a 3b

A vial equipped with a magnetic stirrer bar was charged with the phosphine oxide 3a (3.00 g, 11.5 mmol) and
Wilkinson’s catalyst (212 mg, 0.230 mmol). Dry benzene (30 mL) was added and then the vial placed in a high-
pressure hydrogenation apparatus. After purging the system with Hz, the pressure of Hz gas was adjusted to 20 bar
and the mixture stirred for 24 h at room temperature. After releasing the pressure, the solvent was removed through
rotary evaporation. The residue was purified through flash column chromatography (SiO2; EtOAc/MeOH, 98:2) to
give the phosphine oxide 3b (2.7 g, 91% yield) as a white solid. m.p. 91-95 °C; IR (film) vmax 2955, 2862, 1435, 1167
cm!; 'TH NMR (500 MHz, CDCl3) § 7.75-7.74 (m, 2H), 7.51-7.47 (m, 3H), 2.34-2.02 (m, 6H), 1.91-1.79 (m, 3H),
1.01 (d, J = 4.5 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 0.88 (d, J = 6.5 Hz, 3H); *C (125 MHz, CDCl3) § 134.1 (d, Jcp =
88.8 Hz), 131.3 (d, Jcr = 2.5 Hz), 130.2 (d, Jep = 9.0 Hz), 128.5 (d, Jcr = 11.0 Hz), 44.8 (d, Jcr =29 Hz), 42.9 (d, Jcp
=13.2 Hz), 42.4 (d, Jcp = 67 Hz), 29.3, 27.5 (d, Jcr = 61.5 Hz), 23.5 (d, Jcr = 6.8 Hz), 22.4, 21.3, 13.5 (d, Jep=16.2
Hz); *'P NMR (161 MHz, CDCls) & 54.8; HRMS (ESI-TOF) calcd for HC1sH230P 263.1565, found 263.1554.

ﬁ/© AD-mix-a '.3./©
(0]

aq. +BuOH (0.1 M) OH YO
0°C,24h 7 OH 3c

3a

A mixture of AD-mix-a (8.0 g) in 50% aqueous tert-butanol (40 mL) was stirred at room temperature until both phases
were clear. The mixture was cooled to 0 °C and then a solution of the phosphine oxide 3a (1.50 g, 5.72 mmol) in 50%
aqueous fert-butanol (10 mL) was added dropwise. The resulting mixture was stirred vigorously at 0 °C for 24 h before
the reaction was quenched through the addition of solid Na2SOs (8.0 g) at 0 °C. After stirring for an additional 30 min
at room temperature, the mixture was extracted with EtOAc (3 x 200 mL). The combined organic phases were washed
with brine, dried (anhydrous Na>SOs4), and concentrated (rotary evaporation). The residue was purified through flash
column chromatography (SiO2; EtOAc/MeOH, 92:8) to give the phosphine oxide 3¢ (1.58 g, 94% yield) as a white
solid. m.p. 167-171 °C; IR (film) vmax 3353, 2933, 1435, 1157 cm™!; 'H NMR (400 MHz, CDCl3) & 7.77-7.72 (m,
2H), 7.55-7.45 (m, 3H), 4.27 (s, 1H), 3.65 (dd, J = 4.8, 10.8 Hz, 1H), 3.45 (dd, J=4.8, 10.8 Hz, 1H), 3.24 (dd, J =
4.8, 8.0 Hz, 1H), 2.80 (dd, /= 12.8, 14.8 Hz, 1H), 2.58-2.43 (m, 2H), 2.32-2.10 (m, 4H), 2.03—1.98 (m, 1H), 1.29 (s,
3H), 1.03 (d, J = 6.8 Hz, 3H); *C (125 MHz, CDCls) & 132.84 (d, Jcp = 90 Hz), 131.7 (d, Jcp = 2.5 Hz), 130.3 (d, Jcp
=9.3 Hz), 128.6 (d, Jer = 11.3 Hz), 73.7, 69.9, 44.4 (d, Jcr = 12.1 Hz), 44.0, 43.3, 42.3 (d, Jcr = 66.2 Hz), 29.6 (d, Jer
=61.1 Hz), 26.3, 19.5 (d, Jcp = 7.1 Hz), 13.8 (d, Jcp = 15.5 Hz); *'P NMR (161 MHz, CDCl3) & 56.0; HRMS (ESI-
TOF) calcd for HC16H2302P 295.1463, found 295.1465.
A

EtyZn (2.0 equiv)
P CH,l, (3.0 equiv)
1

(o) CH,Cl, (0.02 M)
-30 °C—=rt, 24 h

3d
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Diethyl zinc (1.13 mL, 11 mmol) was added dropwise to a stirred solution of the phosphine oxide 3a (1.43 g, 5.5
mmol) in CH2Clz (300 mL) at —30 °C. After stirring for 10 min, diiodomethane (1.33 mL, 16.5 mmol) was added
dropwise. The reaction mixture was slowly warmed to 0 °C and stirred for 2 h, then warmed to room temperature and
stirred for 24 h. Upon completion (TLC), the white suspension was hydrolyzed with water, washed with 1.0 M aqueous
NaOH and brine, dried (anhydrous Na2SOs4), and concentrated (rotary evaporation). The residue was purified through
flash column chromatography (SiO2; EtOAc) to give the phosphine oxide 3d (650 mg, 43% yield) as a white solid.
m.p. 98-101 °C; IR (film) vmax 3059, 2948, 1487, 1158 cm!; 'H NMR (500 MHz, CDCl3) § 7.79-7.71 (m, 2H), 7.56—
7.43 (m, 3H), 2.66 (quint, J=5.5 Hz, 1H), 2.45 (dt,J=4.8, 30.1 Hz, 1H), 2.30-2.03 (m, 4H), 1.92-1.78 (m, 1H), 1.64
(ddd, /= 5.9, 14.0, 19.4 Hz, 1H), 1.52 (dt, J=4.9, 9.8 Hz, I1H), 1.08 (s, 3H), 1.03 (d, J = 6.8 Hz, 3H), 0.40 (dt, J =
5.1, 10.1 Hz, 1H), 0.28 (dt, J= 4.8, 9.6 Hz, 1H), 0.14 (dt, J= 4.7, 9.4 Hz, 1H); *C NMR (125 MHz, CDCl3) & 134.3
(d, Jer = 89.5 Hz), 131.3 (d, Jer = 2.6 Hz), 130.3 (d, Jer = 9.0 Hz), 128.5 (d, Jep = 11.2 Hz), 45.7, 42.3 (d, Jer = 1.7
Hz), 42.0 (d, Jcp = 55.1 Hz), 41.8, 26.8 (d, Jcp = 61.3 Hz), 25.3, 18.4 (d, Jcp = 6.9 Hz), 13.7, 13.6 (d, Jcp = 16.3 Hz),
9.6, 8.8; *'P NMR (202 MHz, CDCl3)  55.0; HRMS (ESI-TOF) calcd for HC17H23:0P 275.1565, found 275.1566.
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2.4. General Procedure for Reduction of the Phosphine Oxides
HSiCl3 (10.0 equiv)

Ar EtsN (11.0 equiv) Ar
P CH,Cl, (0.1 M) P
o)

0°C—rt,12h
3 4

A round-bottom flask equipped with a magnetic stirrer bar was charged with trichlorosilane (10.0 equiv) and Et;N
(11.0 equiv) in CH2Clz (0.1 M) at 0 °C under argon protection. A solution of the phosphine oxide 3 (1.0 equiv) in
CHxCl2 (0.5 M) was added dropwise. The mixture was warmed to room temperature and stirred for 12 h. Upon
completion of the reaction (TLC), the mixture was cooled to 0 °C and then the reaction was quenched through the
addition of degassed saturated aqueous NaHCOs. After stirring for 5 min, solid K2COs and anhydrous Na2SOs were
added to the mixture with vigorous stirring. The mixture was warmed to room temperature and stirred for 1 h until it
became clear. The suspension was filtered through a short plug of silica under argon; the filter cake was rinsed three
times with CH2Cl2. The combined organic phases were concentrated (rotary evaporation with argon replenishment)

to provide the phosphine 4 in a sufficiently pure form to be used directly as a catalyst.

E:F,@

Phosphine 4a (95% yield); IR (film) vmax 3359, 2967, 1646, 1439 cm™!; 'H NMR (500 MHz, CDCl3) & 7.35-7.30 (m,
4H), 7.26-7.21 (m, 1H), 4.97 (s, 1H), 4.95 (s, 1H), 2.75-2.73 (m, 1H), 2.36 (td, J = 4.5, 14.0 Hz, 1H), 2.26 (dd, J =
6.5, 10.0 Hz, 1H), 2.20-2.06 (m, 2H), 1.94 (dd, J = 13.5, 25.0 Hz, 1H), 1.78-1.68 (m, 2H), 1.73 (s, 3H), 1.04 (d, J =
7.0 Hz, 3H); 1*C (125 MHz, CDCl:) 6 144.7, 130.2, 129.9, 128.2 (d, Jcp = 4.3 Hz), 127.1, 110.2, 45.1 (d, Jcp = 3.7
Hz), 44.2 (d, Jcp = 4.1 Hz), 40.8 (d, Jer = 5.3 Hz), 25.8, 25.6, 25.0, 24.9, 23.8, 13.1; *'P NMR (202 MHz, CDCl3) & —
7.7; HRMS (ESI-TOF) calcd for HCi16H21P 245.1459, found 245.1461.

E:PQ

Phosphine 4b (96% yield); IR (film) vimax 3049, 2951, 2929, 2864, 1719, 1432 cm™'; 'H NMR (500 MHz, CDCL) &
7.57-7.54 (m, 2H), 7.40-7.33 (m, 3H), 2.42-2.24 (m, 4 H), 2.09-2.03 (m, 1H), 1.98-1.91 (m, 1H), 1.73-1.68 (m, 1H),
1.57-1.48 (m, 1H), 1.44-1.34 (m, 1H), 1.02 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 6.4 Hz, 1H), 0.87 (d, J = 6.4 Hz, 1H);
13C NMR (125 MHz, CDCls) 8 140.7, 130.0 (d, Jer = 13.6 Hz), 128.2 (d, Jer = 4.6 Hz), 127.3, 45.5, 45.1, 43.7, 40.5,
29.9,29.8,24.8 (d, Jer = 11.0 Hz), 22.3, 21.5, 13.1; 3'P NMR (202 MHz, CDCL) § —6.0; HRMS (ESI-TOF) caled for
HC16HasP 247.1527, found 247.1520.

0
_\\OH

OH 4c

Phosphine 4¢ (91% yield); IR (film) vmax 3394, 3052, 2930, 1432 cm™'; 'H (500 MHz, CDCL3) & 7.30-7.28 (m, 4H),
7.21-7.17 (m, 1H), 3.69 (d, J = 10.5 Hz, 1H), 3.41 (d, J = 10.5 Hz, 1H), 2.73 (dd, J = 12.5, 25.5 Hz, 1H), 2.33 (b,
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1H), 2.33-1.92 (m, SH), 1.95-1.92 (m, 1H), 1.71-1.62 (m, 2H), 1.24 (s, 3H), 0.96 (d, J= 7.0 Hz, 3H); 1*C (125 MHz,
CDCL3) 8 143.9 (d, Jor = 26.5 Hz), 129.7 (d, Jer = 14.0 Hz), 128.0 (d, Jer = 4.0 Hz), 126.6, 74.2, 69.1, 46.5, 46.4, 43.5,
43.4 (d, Jer = 2.6 Hz), 39.8 (d, Jer = 9.0 Hz), 27.2 (d, Jep = 17.5 Hz), 25.9 (d, Jep = 22.0 Hz), 13.5; *'P NMR (202
MHz, CDCL) -8.9; HRMS (ESI-TOF) caled for HCi6H30:P 279.1514, found 279.1513.

A

4d

Phosphine 4d (95% yield); IR (film) vmax 3068, 2930, 2872, 1432 em™'; '"H NMR (500 MHz, CDCls) § 7.33-7.27 (m,
4H), 7.23-7.17 (m, 1H), 2.48 (dt, J = 5.4, 10.7 Hz, 1H), 2.40 (dd, J = 13.0, 26.6 Hz, 1H), 2.33 (dt, J = 4.6, 13.3 Hz,
1H), 2.11 (dd, J = 6.7, 10.8 Hz, 1H), 1.98 (dd, J = 6.6, 13.4 Hz, 1H), 1.87 (dddd, J = 6.7, 11.9, 13.7, 35.3 Hz, 1H),
1.71 (dt, J= 6.0, 11.9 Hz, 1H), 1.06 (s, 3H), 0.99 (d, J = 6.8 Hz, 3H), 0.95 (dt, J= 4.8, 9.7 Hz, 1H), 0.72 (ddd, J= 5.7,
13.7, 19.4 Hz, 1H), 0.29 (dt, J = 5.0, 9.9 Hz, 1H), 0.15 (dt, J = 4.8, 9.6 Hz, 1H), 0.09 (dt, J = 4.7, 9.4 Hz, 1H); 1°C
NMR (125 MHz, CDCLs) § 143.1 (d, Jer = 27.0 Hz), 129.8 (d, Jer = 14.1 Hz), 128.1 (d, Jer = 4.0 Hz), 126.5, 46.2 (d,
Jer = 4.9 Hz), 44.6 (d, Jor = 2.6 Hz), 41.6, 40.6 (d, Jer = 9.0 Hz), 25.7 (d, Jer = 17.7 Hz), 25.1, 24.3 (d, Jer = 20.4
Hz), 13.5 (d, Jer = 76.2 Hz), 8.6 (d, Jer = 6.8 Hz), 8.4; 3'P NMR (202 MHz, CDCLs) § -9.4; HRMS (ESI-TOF) calcd
for HC17HasP 258.1537, found 258.1537.

P

Phosphine 4e (98% vield); IR (film) vimax 3069, 2952, 2928, 1432 cm'; 'H NMR (500 MHz, CDCls) § 7.36-7.28 (m,
4H), 7.24-7.19 (m, 1H), 2.24-2.18 (m, 2H), 2.12-1.98 (m, 1H), 1.94-1.78 (m, 4H), 1.66-1.56 (m, 1H), 1.23-1.16 (m,
1H), 0.92 (d, J= 6.6 Hz, 3H); 13C NMR (125 MHz, CDCls) § 142.9 (d, Jcr = 27.0 Hz), 129.9 (d, Jcr = 13.9 Hz), 128.1
(d, Jer = 4.0 Hz), 126.6, 44.2 (d, Jop = 5.2 Hz), 41.2 (d, Jop = 2.7 Hz), 40.6 (d, Jep = 9.1 Hz), 32.3 (d, Jop = 17.2 Hz),
27.6, 23.6 (d, Jer = 22.1 Hz), 13.6; *'P NMR (202 MHz, CDCls) § —6.59; HRMS (ESI-TOF) calcd for HC13Hi7P
205.1146, found 205.1146.

%

Phosphine 4e’ (94% yield); IR (film) vmax 2987, 2854, 1490 cm™'; 'H NMR (500 MHz, CDCl5) § 7.39-7.30 (m, 4H),
7.29-7.23 (m, 1H), 2.30-2.16 (m, 3H), 2.13-2.03 (m, 1H), 1.85-1.76 (m, 1H), 1.75-1.67 (m, 1H), 1.54 (dd, J= 5.7,
13.5 Hz, 1H), 1.41 (m, 1H), 1.05 (d, J = 6.7 Hz, 3H), 1.03-0.96 (m, 1H); *C NMR (125 MHz, CDCls) 8 139.7 (d, Jcr
=26.1 Hz), 130.8 (d, Jer = 15.2 Hz), 127.9 (d, Jer = 4.4 Hz), 127.0, 45.4 (d, Jer = 19.1 Hz), 42.7 (d, Jep = 2.3 Hz),
39.8 (d, Jer = 13.0 Hz), 27.5 (d, Jer = 8.5 Hz), 27.3 (d, Jer = 1.9 Hz), 23.3 (d, Jer = 4.0 Hz), 14.4 (d, Jep = 13.9 Hz);
3P NMR (202 MHz, CDCls) —4.79; HRMS (ESI-TOF) calcd for HC1sHi7P 205.1146, found 205.1149.

A
4f
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Phosphine 4f (98% yield); IR (film) V mex 3058, 2967, 2853, 1590, 1473 cmr'; 'H NMR (500 MHz, CDCls) & 7.27 -
7.23 (m, 2H), 6.90 - 6.86 (m, 2H), 3.80 (s, 3H), 2.23 - 2.16 (m, 1H), 2.13 - 1.74 (m, 6H), 1.62 - 1.52 (m, 1H), 1.20 -
1.14 (m, 1H), 0.91 (d, J= 6.8 Hz, 3H); *C NMR (125 MHz, CDCL) 8 158.8, 133.1 (d, Jer = 24.4 Hz), 131.4 (d, Jer
= 15.6 Hz), 113.9 (d, Jer = 4.9 Hz), 55.0, 43.8 (d, Jer = 5.0 Hz), 41.1 (d, Jer = 2.6 Hz), 40.9 (d, Jer = 9.4 Hz), 32.0 (d,
Jer = 17.4 Hz), 27.5, 23.6 (d, Jer = 22.4 Hz), 13.5; 3'P NMR (202 MHz, CDCL) 8 - 8.15; HRMS (ESI-TOF) calcd
for HC14H19OP m/z 235.1252, found 235.1252.

A

OMe

Phosphine 41" (99% yield); IR (film) vmax 2948, 2871, 1595, 1498, 1247 cm™!; '"H NMR (500 MHz, CDCI3) & 7.28 (dd,
J=6.4, 8.6 Hz, 2H), 6.90 (d, J = 8.1 Hz, 2H), 3.81 (s, 3H), 2.25 (dt, J= 5.6, 11.1 Hz, 1H), 2.21-2.20 (m, 2H), 2.09-
1.99 (m, 1H), 1.82-1.69 (m, 2H), 1.48 (dd, J= 5.6, 13.4 Hz, 1H), 1.38-1.32 (m, 1H), 1.06-1.01 (m, 1H), 1.03 (d, J =
6.7 Hz, 3H); *C NMR (125 MHz, CDCl3) 6 159.1, 132.4 (d, Jcp = 17.4 Hz), 129.7 (d, Jcp = 23.6 Hz), 113.7 (d, Jep =
5.7 Hz), 55.0, 45.4 (d, Jcp = 18.8 Hz), 42.8 (d, Jcp = 2.5 Hz), 40.1 (d, Jcp = 13.1 Hz), 27.5 (d, Jcr = 8.1 Hz), 27.5 (d,
Jer = 2.0 Hz), 22.9 (d, Jer = 4.1 Hz), 14.4 (d, Jcp = 13.8 Hz); 3'P NMR (202 MHz, CDCI3) § —6.81; HRMS (ESI-TOF)
calcd for HC14H19OP 235.1252, found 235.1251.
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3. Allenoate-Imine [3 + 2] Annulation

3.1. General Procedure for Allenoate—Imine [3 + 2] Annulations

A
O\‘s”o t. 4 (15 mol%) 07970
oS cat. mol%
RN COEt + N A (RGNS
1/k benzene (0.05 M) _
Ar H rt, 6-24 h
5 6 7 CO.Et

A screw-capped vial equipped with a magnetic stirrer bar was charged with an arylimine 6 (0.1 mmol) and a phosphine
4 (0.015 mmol, added as a stock solution in benzene”). An allenoate 5 (0.2 mmol) was added and then the vessel was
purged with argon and sealed with a screw cap and Teflon. After stirring at room temperature until completion
(indicated by disappearance of the imine via TLC),® the mixture was loaded directly onto a silica gel column and

purified through flash column chromatography (SiO2; EtOAc/hexanes, 1:4) to give the pyrroline product 7.

“The phosphine 4 was dissolved in benzene such that the concentration was 1.8 mg/mL. The stock solution was stored
in a Schlenk flask at 0 °C under argon protection. Over the course of 2 weeks, there was no appreciable formation of

the phosphine oxide, as determined through TLC or NMR spectroscopic analysis.

*The phosphines 4e/4e’ and 4f/4f" were more reactive relative to the phosphines 4a, 4b, 4c, and 4d, resulting in reduced

reactions times (typically 6—12 hours required for completion).

Table S1. Optimization of the Allene—Imine [3 + 2] Annulation®

Ts
e NTs cat. 4b tBua N\ 4Ph
B VCOZEt * Ph)J\H solvent (0.05 M) —
5e 6a temperature, 24 h 7ea CO2Et
entry 4b mol% solvent temperature additive yield (%) ee (%)

1 5 benzene rt — 58 93
2b 5 benzene It — 62 93
3 10 benzene rt — 77 92
4b 10 benzene It — 89 93
5 15 benzene rt — 94 93
6° 15 benzene It — 92 93
7 20 benzene rt — 93 93
8 15 toluene rt — 90 91
9 15 acetonitrile rt — 60 40
10 15 dichloromethane rt — 96 58
11 15 diethyl ether rt — 86 93
12 15 tetrahydrofuran rt — 84 83
13 15 methanol rt — NR N/A
14 15 benzene 0°C — 78 95
15¢ 15 benzene 0°C — 82 94
167 15 benzene 40 °C — 90 92
17 15 benzene rt H20 (0.15 equiv) 90 75
18 15 benzene rt HOACc (0.15 equiv) 94 90
19 15 benzene rt PhOH (0.15 equiv) 92 93

1.0 equiv 6a (0.1 mmol, 25.9 mg) and 2.0 equiv 5e (0.2 mmol, 34 pL). ?1.0 equiv 6a (3.85 mmol, 1.0 g) and 1.2 equiv
Se (4.63 mmol, 0.78 mL). “Reaction allowed to run for 72 h. “Reaction complete within 3 h.

S11



3.2. Proposed Transition States

Displayed below are proposed transition states for the reaction between the allenoate Se and the imine 6a catalyzed
by the phosphine 4b. Calculated transition states are available in reference 2h. The key stabilizing factor in the TS
leading to the major S-enantiomer is hydrogen bonding between the imino N-sulfonyl oxygen atom and the two o-
methylene (a to the phosphorous) hydrogen atoms. In contrast, there is only one stabilizing hydrogen bond between
the oxygen atom of the sulfonyl group and the a-methine hydrogen in the TS leading to the minor R-enantiomer. As
the bond between the a-carbon of the phosphonium dienolate and the imino carbon (Cou—Cimine) forms, the
pyramidalization of the Cq« of the phosphonium enolate bends the bond between the a-carbon and the carbonyl carbon
of the ester (Co—Cester) and the bond between the a-carbon and the B-carbon (Co—Cp), placing the y-carbon away from
the approaching imine. In the absence of the second stabilizing hydrogen bond, the bond between the a-carbon of the
phosphonium enolate and the imino carbon is formed to a lesser extent; at this point, the phosphonium dienolate is
still relatively flat, causing greater steric repulsion between the imine and the y-substituent. This arrangement enhances
the preference for the TS leading to the major S-enantiomer, resulting in the greater enantioselectivity observed upon

increasing the size of the y-substituent.

v O
favored disfavored

3.3. Analytical Data for the Pyrroline Products

Compounds 7aa/7aa’, 7ba, 7bp’, 7ca, 7da/7da’, 7ea/Tea’, Teb, Tec, Ted, Tee, and Teg (in racemic form) have been
synthesized previously; their spectral data are provided in the pertinent references.? Complete spectral data are
provided for all new compounds. Compounds 7ba, 7bh’, 7bm’, 7bp’, 7ca, 7ch, 7ci’, 7en’, and 7co’ were obtained as
an inseparable mixture of cis (major) and trans (minor) diastereomers. NMR spectral data are provided for the
enantiomerically enriched samples of a mixture of the cis (major) and frans (minor) diastereomers.

B N

CO,Et
7eb

Pyrroline 7eb (90% yield, 92% ee); [a]p +83.9 (c = 1.00, CH2Cly, 23.0 °C)
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tBu

CO,Et
7ec

Pyrroline 7ec (94% yield, 95% ee); [a]p +85.5 (¢ = 1.00, CH2Clz, 23.0 °C)
Cl

Ns

tBu N

CO,Et
7ed

Pyrroline 7ed (96% yield, 98% ee); [a]p +129.2 (c = 1.00, CH2Cl, 23.0 °C)
y

Ts
tBu N

— cl
CO,Et
7ee

Pyrroline 7ee (89% yield, 94% ee); [a]p +106.7 (c = 1.00, CH2Cla, 23.0 °C)
y

Ts S

tBu N N \

CO,Et
7eg

Pyrroline 7eg (89% yield, 92% ee); [a]p +130.1 (c = 1.00, CH2Cl, 23.0 °C)
y

Ts
¢ O

CO,Et

’

7aa
Pyrroline 7aa’ (93% yield, 84% ee); [a]p —162.2 (c = 1.00, CH2Cly, 24.1 °C)
Recrystallization to >99% ee; —193.1 (c = 1.00, CH2Cl2, 26.0 °C)

Ts
iPm_<NzJu

CO,Et
7da’

Pyrroline 7da’ (97% yield, 94% ee); [a]p —96.6 (c = 1.00, CH2Cla, 25.3 °C)
y

Ts
tBUu.(NZ‘-\‘

CO,Et
7ea’

Pyrroline 7ea’ (94% yield, 99% ee); [a]p —111.8 (c = 1.00, CH2Cl, 24.7 °C)
y

Ts NMe,
Me:.. N o

CO,Et
7bp’

Pyrroline 7bp’ (96% yield, 94% ee, 99:1 d.r.); [a]p —151.2 (¢ = 1.00, CH2Cl, 23.6 °C)
y P
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Ns CF3

CO,Et
7ef

Pyrroline 7ef (86% yield, 92% ee); [a]p +85.1 (¢ = 1.00, CH2Clz, 23.1 °C); IR (film) vinax 2968, 2362, 1720, 1533,
1326 cmr'; 'H NMR (500 MHz, CDCL) § 8.34-8.31 (m, 2H), 8.02-7.98 (m, 2H), 7.59 (s, 4H), 6.78-6.77 (m, 1H), 5.92
(s, 1H), 4.41 (dd, J = 0.6, 2.6 Hz, 1H), 4.13 (q, J= 7.1 Hz, 2H), 1.16 (t, /= 7.1 Hz, 3H), 0.81 (s, 9H); 13C (125 MHz,
CDCL) 8 162.1, 150.4, 142.8, 142.7, 141.2, 141.2, 133.6, 129.2, 128.5, 125.2, 124.3,78.5, 78.5, 68.3, 68.3, 61.4, 36.1,

27.9, 14.0; LRMS (MALDI) calcd for C24H25F3sN2OsSNa [M + Na]" 549.13, found 549.2.

F
Ts
EtaN

CO,Et
7ch

Pyrroline 7¢h (93% yield, 83% ee, 99:1 d.r.); m.p. 128—-132 °C; [a]p +156.2 (¢ = 1.00, CH2Clz, 23.0 °C); IR (film) Vmax
2977, 2365, 1717, 1353 cm™'; 'H (500 MHz, CDCls) 8 7.67 (d, J = 8.3 Hz, 2H), 7.32-7.19 (m, 4H), 7.06 (t, J = 7.5
Hz, 1H), 6.98 (t, J=9.3 Hz, 1H), 6.79 (t, J=2.1 Hz, 1H), 5.90 (s, 1H), 4.58-4.51 (m, 1H), 4.08-3.89 (m, 2H), 2.40
(s, 3H), 2.30-2.21 (m, 1H), 1.95-1.84 (m, 1H), 1.09 (t,J = 7.5 Hz, 3H), 1.05 (t,J = 7.1 Hz, 3H); 1*C (125 MHz, CDCls)
0 161.7,161.4, 143.6,139.4, 134.3, 133.4, 129.6, 129.4,129.3,129.2, 129.2, 127.7, 127.6, 124.0, 123.9, 115.3, 115.1,
68.8, 62.2,62.1, 60.7,29.9, 21.4, 13.6, 10.3; HRMS (ESI-TOF) calcd for HC22H2sFNO4S 418.1488, found 418.1489.

CO,Et
7ei’

Pyrroline 7ei’ (94% yield, 99% ee); [a]o —20.6 (c = 1.00, CH:Cls, 24.0 °C); IR (film) vmax 2963, 2924, 1723, 1167 cmr
I TH NMR (500 MHz, CDCL) § 7.71 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.76 (t, J= 2.0 Hz, 1H), 6.03 (d, J
= 3.0 Hz, 1H), 5.85 (d, J = 2.8 Hz, 1H), 5.80 (s, 1H), 4.52 (t, J = 1.2 Hz, 1H), 4.19-4.03 (m, 2H), 2.41 (s, 3H), 2.16
(s, 3H), 1.16 (t, J= 7.1 Hz, 3H), 0.93 (s, 9H); *C NMR (125 MHz, CDCL) § 162.1, 151.3, 150.0, 143.7, 140.6, 135.0,
132.1, 129.5, 128.0, 109.5, 106.3, 63.4, 60.6, 36.3, 27.5, 21.4, 13.9, 13.4; HRMS (ESI-TOF) calcd for HC2sH20NOsS
432.1845, found 432.1845.

CO,Et
7ej’

Pyrroline 7ej’ (94% yield, 98% ee); m.p. 118-122 °C; [a]p —171.5 (c = 1.00, CH2Clz, 23.2 °C); IR (film) vmax 2965,
2905, 1718, 1247, 1165 em™'; '"H NMR (500 MHz, CDCl3) § 7.70 (d, J = 8.3 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H), 7.06
(d, J=1.6 Hz, 1H), 6.76 (dd, /= 1.7, 8.1 Hz, 1H), 6.72-6.68 (m, 2H), 5.94 (s, 2H), 5.79 (s, 1H), 4.33 (d, /= 2.6 Hz,
1H), 4.11 (dg, J = 1.1, 7.1 Hz, 2H), 2.40 (s, 3H), 1.15 (t,J = 7.1 Hz, 3H), 0.84 (s, 9H); *C NMR (125 MHz, CDCls)
0 162.5, 147.4, 146.9, 143.8, 141.1, 134.1, 134.0, 133.5, 129.5, 127.9, 121.4, 108.9, 107.4, 100.9, 77.7, 68.2, 60.8,
35.9,27.9,21.4, 13.9; HRMS (ESI-TOF) calcd for HC25H20NO6S 472.1794, found 472.1796.
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Ts CN
tBUM,(Nz‘M

CO,Et
7ek’

Pyrroline 7ek’ (98% yield, 98% ee); m.p. 92-95 °C; [a]o —107.0 (¢ = 1.00, CHxCls, 23.8 °C); IR (film) Vimax 2966, 2229,
1719, 1166 cm'; 'H NMR (500 MHz, CDCL) 8 7.71 (d, J= 8.3 Hz, 2H), 7.63-7.56 (m, 4H), 7.29 (d, J = 8.1 Hz, 2H),
6.76 (q,J= 1.3 Hz, 1H), 5.85 (s, 1H), 4.35 (d, J = 2.7 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 2.42 (s, 3H), 1.16 (t, J = 7.1
Hz, 3H), 0.79 (s, 9H); 3C NMR (125 MHz, CDCl5) § 162.2, 144.9, 144.2, 142.3, 133.4, 133.1, 131.8, 129.7, 128.8,
127.9, 118.6, 111.5, 78.0, 67.8, 61.1, 35.8, 27.7, 21.5, 13.9; HRMS (ESI-TOF) calcd for HC2sHasN>04S 453.1848,
found 453.1848.

CO,Et
7dj’

Pyrroline 7dj’ (92% yield, 93% ee); m.p. 90-95 °C; [o]p —183.1 (c = 1.00, CH2Cls, 23.8 °C); IR (film) vimax 2962, 2927,
1718, 1164 enr’'; "H NMR (500 MHz, CDCL3) & 7.59 (d, J= 8.3 Hz, 2H), 7.24 (t, J = 8.7 Hz, 2H), 6.89-6.83 (m, 2H),
6.75-6.71 (m, 2H), 5.93 (s, 2H), 5.63 (t, J = 2.0 Hz, 1H), 4.44 (dt, J = 2.5, 5.7 Hz, 1H), 4.10-3.99 (m, 2H), 2.39 (s,
3H), 2.13 (sex, J = 6.7 Hz, 1H), 1.11 (t, J= 7.1 Hz, 3H), 1.06 (d,J = 7.0 Hz, 3H), 0.91 (d, J = 6.8 Hz, 3H); 3C NMR
(125 MHz, CDCls) § 162.1, 147.3, 147.2, 143.5, 138.5, 135.0, 134.3, 133.8, 129.5, 127.6, 122.0, 108.6, 107.7, 100.9,

73.2, 69.0, 60.7, 32.9, 21.4, 20.1, 18.0, 13.8; HRMS (ESI-TOF) calcd for HC24H27NOsS 458.1637, found 458.1642.
OMe

Ts OMe
iPr.. NG

— OMe

CO,Et
7dI’

Pyrroline 7dl’ (95% yield, 95% ee); m.p. 118-121 °C; [a]p —202.5 (c = 1.00, CH2Cl, 23.7 °C); IR (film) vmax 2961,
2935, 1720, 1164, 1125 em™!; 'H NMR (500 MHz, CDCl3) 8 7.52 (d, J = 8.3 Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H), 6.73
(t,J=2.0Hz, 1H), 6.59 (s, 2H), 5.71 (t,J= 2.1 Hz, 1H), 4.53 (quint, J = 2.6 Hz, 1H), 4.12-3.99 (m, 2H), 3.82 (s, 3H),
3.78 (s, 6H), 2.37 (s, 3H), 2.16 (sex, J = 6.7 Hz, 1H), 1.10 (q, J = 7.1 Hz, 6H), 0.91 (d, J = 6.8 Hz, 3H); '3C NMR
(125 MHz, CDCls3) 6 162.2, 152.7,143.5, 138.2, 137.5, 135.5, 135.2, 134.4, 129.3, 127.4, 105.4, 73.1, 69.3, 60.7, 55.9,
32.7,21.4,20.0, 17.9, 13.9; HRMS (ESI-TOF) calcd for HC26H33NO7S 504.2056, found 504.2056.

Ts
iPru.(Nz

— F

CO,Et
7dm’
Pyrroline 7dm’ (97% yield, 93% ee); m.p. 109—110 °C; [a]p —102.5 (c = 1.00, CH2Cly, 25.5 °C); IR (film) Vmax 2963,
2930, 1720, 1260, 1165 cm™; 'H NMR (500 MHz, CDCl3) 8 7.58 (d, J = 8.2 Hz, 2H), 7.29-7.21 (m, 3H), 7.18 (d, J =
7.8 Hz, 1H), 7.07 (d, J=9.9 Hz, 1H), 6.96 (td, J= 1.9, 8.3 Hz, 1H), 6.77 (t,J = 1.8 Hz, 1H), 5.69 (s, 1H), 4.48 (dt, J
=2.3, 5.8 Hz, 1H), 4.11-3.96 (m, 2H), 2.39 (s, 3H), 2.13 (sex, J = 6.7 Hz, 1H), 1.11-1.05 (m, 6H), 0.91 (d, /= 6.8
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Hz, 3H); 3C NMR (125 MHz, CDCL:) & 161.9, 143.7, 142.4, 142.3, 139.1, 134.8, 134.0, 129.5, 129.5, 127.6, 124.0,
115.2, 115.1, 114.9, 114.7, 73.3, 68.6, 60.8, 32.8, 21.4, 20.1, 17.9, 13.8; HRMS (ESI-TOF) calcd for HC23H26FNO4S
432.1645, found 432.1646.

CO,Et
7ci’

Pyrroline 7ei’ (95% yield, 90% ee, 98:2 d.r.); [a]p —136.3 (¢ = 1.00, CH:Clz, 23.5 °C); IR (film) vimax 2974, 2924, 1720,
1162 cm'; "H NMR (500 MHz, CDCls) § 7.60 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6.75 (t, J = 1.9 Hz, 1H),
6.16 (d, J= 3.1 Hz, 1H), 5.85 (d, J= 2.2 Hz, 1H), 5.72 (s, 1H), 4.63-4.57 (m, 1H), 4.15-4.03 (m, 2H), 2.39 (s, 3H),
2.17 (s, 3H), 1.96-1.89 (m, 1H), 1.81-1.75 (m, 1H), 1.16 (t,J= 7.1 Hz, 3H), 0.96 (t, /= 7.5 Hz, 3H); '*C NMR (125
MHz, CDCls) § 161.9, 151.7, 150.1, 143.3, 140.4, 135.9, 131.9, 129.4, 127.3, 109.3, 106.4, 68.1, 62.4, 60.7, 28.9,
21.4, 13.9, 13.4, 9.7; HRMS (ESI-TOF) caled for HC21HsNOsS 404.1532, found 404.1528.

Ts
Et.. (Nz
COZEt‘

7cn’

Pyrroline 7en’ (93% yield, 97% ee, >99:1 d.r.); m.p. 105-108 °C; [a]p —41.3 (c = 1.00, CH2Clz, 23.3 °C); IR (film)
vmax 3063, 2925, 1719, 1597, 1568, 1156 cm™!; 'H NMR (500 MHz, CDCl3) § 8.34 (d, J = 8.6 Hz, 1H), 7.76 (d, J =
8.0 Hz, 1H), 7.67 (d, J= 8.0 Hz, 1H), 7.53 (t,J= 7.2 Hz, 1H), 7.44 (t,J = 7.4 Hz, 1H), 7.40-7.29 (m, 4H), 6.89 (t, J
= 7.3 Hz, 3H), 6.61 (s, 1H), 4.87-4.80 (m, 1H), 3.89-3.76 (m, 2H), 2.37-2.28 (m, 1H), 2.22 (s, 3H), 2.01-1.89 (m,
1H), 1.15 (t, J = 7.5 Hz, 3H), 0.75 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl3) § 162.1, 143.0, 138.4, 136.4,
135.5, 135.2, 133.3, 131.4, 128.8, 128.2, 128.2, 127.4, 126.1, 125.8, 125.3, 124.9, 123.3, 68.5, 63.8, 60.5, 29.8, 21.2,
13.4, 10.5; HRMS (ESI-TOF) calcd for HC26H27NO4S 450.1739, found 450.1732.

PMPO,S
Et... N @

CO,Et
7co’

Pyrroline 7¢co’ (99% yield, 92% ee, >99:1 d.r.); m.p. 88-92 °C; [a]p —96.1 (c = 1.00, CH2Cl, 23.0 °C); IR (film) Vmax
2977, 2931, 1719, 1260, 1159 cm™; 'H NMR (500 MHz, CDCl3) 8 7.62-7.58 (m, 2H), 7.33-7.30 (m, 2H), 7.29-7.23
(m, 3H), 6.88-6.83 (m, 2H), 6.78 (t, J= 2.0 Hz, 1H), 5.67 (t,J= 1.9 Hz, 1H), 4.62-4.56 (m, 1H), 4.09-3.94 (m, 2H),
3.83 (s, 3H), 2.12-2.03 (m, 1H), 1.80-1.70 (m, 1H), 1.08 (t,J = 7.1 Hz, 3H), 1.03 (t, J= 7.6 Hz, 3H); 1*C NMR (125
MHz, CDCh) 6 162.8, 162.1, 140.0, 139.3, 134.2, 130.2, 129.5, 128.1, 127.9, 127.8, 114.0, 69.3, 68.6, 60.7, 55.4,
29.7, 13.8, 10.3; HRMS (ESI-TOF) calcd for HC22H2sNOsS 416.1532, found 416.1533.

Ts
Me:.. N an

CO,Et
7bh’

Pyrroline 7bh’ (95% yield, 90% ee, 96:4 d.r.); m.p. 87-93 °C; [a]p —191.8 (c = 1.00, CH2Clz, 22.9 °C); IR (film) Vmax
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2979,2931, 1720, 1165 cm™'; 'H NMR (500 MHz, CDCL;) & 7.67 (d, J = 8.2, 2H), 7.26-7.19 (m, 4H), 7.07 (t, J= 7.5
Hz, 1H), 6.97 (t, J= 9.3 Hz, 1H), 5.89 (s, 1H), 4.82-4.72 (m, 1H), 4.07-3.91 (m, 2H), 2.39 (s, 3H), 1.64 (d, J = 6.7
Hz, 3H), 1.05 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCL) § 161.7, 159.5, 143.6, 141.0, 134.5, 132.8, 129.6,
129.4, 129.4, 129.4, 128.9, 127.6, 127.5, 126.6, 124.0, 124.0, 115.3, 115.1, 62.9, 62.5, 62.5, 60.7, 22.3, 21.4, 13.6;
HRMS (ESI-TOF) calcd for HC21H2FNO4S 404.1332, found 404.1333.

Ts
Me:.. N L

— F
CO,Et
7bm’
Pyrroline 7bm’ (95% yield, 91% ee, 96:4 d.r.); [o]o —137.8 (¢ = 1.00, CH2Clz, 23.4 °C); IR (film) Vinax 2979, 2926,
1719, 1263, 1165 cmr™'; 'H NMR (500 MHz, CDCl3) § 7.58 (d, J = 8.2 Hz, 2H), 7.26-7.10 (m, 4H), 7.02-6.91 (m,
2H), 6.65 (t, J= 1.8 Hz, 1H), 5.63 (s, 1H), 4.82-4.74 (m, 1H), 4.08-3.97 (m, 2H), 2.38 (s, 3H), 1.56 (d, J = 6.7 Hz,
3H), 1.10 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCL) & 163.5, 161.8, 161.6, 143.6, 142.6, 142.5, 141.0, 135.2,
133.3, 129.6, 129.5, 127.4, 123.7, 123.6, 114.9, 114.8, 114.7, 114.6, 69.0, 62.8, 60.8, 22.3, 21.4, 13.8; HRMS (ESI-

TOF) calcd for HC21H22FNO4S 404.1332, found 404.1329.

Ts
Adu,;N;,m

CO,Et
7fa’

Pyrroline 7fa’ (95% yield, 98% ee); m.p. 144-146 °C; [a]p —31.5 (¢ = 1.00, CH2Clz, 25.5 °C); IR (film) vmax 2903,
2849, 1718, 1165 cm™!; 'H NMR (500 MHz, CDCl3) & 7.72 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 7.5 Hz, 2H), 7.32-7.25
(m, 5H), 6.76 (q, J= 1.3 Hz, 1H), 5.86 (s, 1H), 4.19 (d, J = 2.6 Hz, 1H), 4.10 (q, /= 7.1 Hz, 2H), 2.40 (s, 3H), 1.84
(brs, 3H), 1.57 (d,J=11.7 Hz, 3H), 1.47 (d, J = 12.0 Hz, 6H), 1.32 (d, J= 12.2 Hz, 3H), 1.13 (t,J = 7.1 Hz, 3H); 1*C
NMR (125 MHz, CDCls) 6 162.6, 143.7, 140.7, 139.5, 134.1, 134.0, 129.5, 128.0, 127.9, 127.9, 127.5, 78.4, 68.2,
60.7, 39.9, 37.7,36.4, 28.2, 21.4, 13.9; HRMS (ESI-TOF) calcd for HC30H35NOa4S 506.2365, found 503.2369.

Ns
Adh_;Nl‘M

CO,Et
7fc’

Pyrroline 7fe’ (88% yield, 92% ee); m.p. 210-212 °C (decomp); [a]o —20.4 (c = 1.00, CH2Clz, 23.8 °C); IR (film) Vmax
2904, 2849, 1955, 1718, 1531 cm™!; 'H NMR (500 MHz, CDCl3) & 8.30 (d, J = 8.8 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H),
7.42 (d, J=7.3 Hz, 2H), 7.35-7.29 (m, 3H), 6.79 (q, /= 1.3 Hz, 1H), 5.92 (s, 1H), 4.28, (d, /=2.4 Hz, 1H), 4.11 (q,
J=3.4 Hz, 2H), 1.86 (br s, 3H), 1.73-1.65 (m, 3H), 1.46 (d, J=12.7 Hz, 6H), 1.35 (d, J=12.0 Hz, 3H), 1.14 (t, J =
7.1 Hz, 3H); *C NMR (125 MHz, CDCl3) § 162.2, 150.0, 143.4, 139.8, 138.6, 134.0, 128.9, 128.1, 128.1, 124.0, 78.8,
68.7,61.0,42.5,39.9, 37.9, 36.4, 36.3, 28.5, 28.1, 13.9; HRMS (ESI-TOF) calcd for HC20H32N206S 537.2059, found
537.2063.
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Pyrroline 7ga’ (91% yield, 94% ee); m.p. 114-116 °C; [a]p —52.8 (c = 1.00, CH2Clz, 23.1 °C); IR (film) vmax 2928,
2852, 1720, 1165 cm™!; '"H NMR (500 MHz, CDCl3) § 7.54 (d, J = 8.2 Hz, 2H), 7.37 (dd, J = 1.7, 8.0 Hz, 2H), 7.31—
7.26 (m, 3H), 7.20 (d, J=8.0 Hz, 2H), 6.77 (t,J= 1.9 Hz, 1H), 5.72 (t, /= 1.9 Hz, 1H), 4.49 (dt, J=2.6, 5.1 Hz, 1H),
4.08-3.93 (m, 2H), 2.38 (s, 3H), 1.86 (d, /= 11.4 Hz, 1H), 1.81-1.63 (m, SH), 1.23-1.08 (m, 4H), 1.05 (t,/=7.1 Hz,
3H), 0.99-0.88 (m, 1H); 3*C NMR (125 MHz, CDCl3) 8 162.2, 143.4, 139.7, 139.2, 135.2, 133.9, 129.4, 128.3, 128.0,
127.8, 127.5, 72.6, 69.0, 60.6, 42.4, 30.6, 28.7, 26.2, 25.8, 21.4, 13.8; HRMS (ESI-TOF) calcd for HC26H31NO4S

454.2052, found 452.2054.
OMe

Ts OMe
N T

— OMe

CO,Et
7al’

Pyrroline 7al’ (91% yield, 87% ee); [a]p —105.3 (¢ = 1.00, CH2Cl, 23.5 “C); IR (film) vmax 2928, 2853, 1721, 1163,
1126 cm™'; 'H NMR (500 MHz, CDCl3) § 7.38 (d, J = 8.3 Hz, 2H), 7.13 (d, /= 8.1 Hz, 2H), 6.79 (d, J = 1.8 Hz, 1H),
6.32 (s, 2H), 5.70 (dt, J = 1.8, 5.8 Hz, 1H), 4.57 (dt, /= 2.3, 17.0 Hz, 1H), 4.36 (ddd, /= 1.9, 5.9, 17.0 Hz, 1H), 4.11—
4.01 (m, 2H), 3.81 (s, 3H), 3.71 (s, 6H), 2.35 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCL) § 161.7,
152.8, 143.1, 137.6, 136.0, 135.8, 135.2, 134.4, 129.1, 126.9, 104.8, 69.0, 60.8, 60.7, 55.8, 54.7, 21.3, 13.9; HRMS
(ESI-TOF) caled for HC23Ha7NO7S 462.1587, found 462.1591.

Ts NM62
N R

CO,Et

’

7ap
Pyrroline 7ap’ (90% yield, 92% ee); [a]o ~29.300 (c = 1.00, CH2Cl, 24.1 °C); IR (film) vimax 2923, 2853, 1719, 1162
e '3 'H NMR (500 MHz, CDCLs) 8 7.41 (d, J = 8.2 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 6.73
(d, J= 1.6 Hz, 1H), 6.55 (d, J = 8.7 Hz, 2H), 5.68 (d, J = 5.5 Hz, 1H), 4.46 (dt, J = 2.2, 16.9 Hz, 1H), 4.33 (ddd, J =
1.8, 5.7, 16.9 Hz, 1H), 4.07-3.99 (m, 2H), 2.92 (s, 6H), 2.36 (s, 3H), 1.12 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,
CDCL) 5 161.9, 150.2, 142.7, 136.1, 135.8, 134.6, 129.2, 128.4, 127.0, 112.1, 68.6, 60.6, 54.5, 40.5, 21.4, 13.8; HRMS
(ESI-TOF) caled for HC2H6N204S 415.1692, found 415.1692.

S18



4. Separation of Enantiomers

4.1. HPLC Conditions

Table S2. Separation of Enantiomers

Compound Column Solvents Flow Rate
7aa Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7ba Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tca Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7da Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tea Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7eb Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tec Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Ted Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tee Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tef Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Teg Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7ch Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7da Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tei Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7ej Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tek Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7dl Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7dm Regis (R,R)-DACH DNB CHxClx/Hexanes (60:40) 2.0 mL/min
7dj Regis (R,R)-DACH DNB CHxClx/Hexanes (60:40) 2.0 mL/min
7ch Regis (R,R)-DACH DNB CHxClx/Hexanes (60:40) 2.0 mL/min
7cn Regis (R,R)-DACH DNB CHxClx/Hexanes (60:40) 2.0 mL/min
Tci Regis (R,R)-DACH DNB CHxClx/Hexanes (60:40) 2.0 mL/min
7co Regis (R,R)-DACH DNB CHxClx/Hexanes (60:40) 2.0 mL/min
7bh Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7bm Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7bp Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7fa Regis (R,R)-DACH DNB CHxClz/Hexanes (40:60) 2.0 mL/min
7fc Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7ga Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
Tap Regis (R,R)-DACH DNB CHxClz/Hexanes (60:40) 2.0 mL/min
7al Regis (R,R)-DACH DNB CH:Cl>/Hexanes (40:60) 2.0 mL/min
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4.2. Copies of HPLC Traces

s 0PN
from the reaction catalyzed by
7aa COEt
Retenson Time
100 100
i 50 - -So
o
07 ] @ o
5 10 15 2 A 1
Mrubs
SPD-20A
Chil-254nm
Results
Retention Time Area Area % Height Height %
6507 3069630 42.57 112957 54.76
8670 4140658 57.43 93314 45.24
Totak
7210288 100.00 206271 100.00
100 ;ur‘m Time § 100
©
é 50~ -0
0 Yo 1 o
5 10 15 2 2 ;o
M e
SPD-20A
Ch1-254nm
Results
Retention Time Area Area% Height Height %
6497 2618856 50.00 104665 59.26
8.720 2618481 50.00 T1946 40.74
Totals
5237337 100.00 176611 100.00
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Ts

S21

N _Ph
Me P
from the reaction catalyzed by
7ba CO,Et 4a
20
5
2 10
-0
H 10 15 2 2 »
Mruks
SPD-20A
Chl-254nm
Results
Retention Time Area Area % Height Height %
6593 408918 24.91 18887 44.60
13.047 1232546 75.09 23456 55.40
Totals
1641464 100.00 42343 100.00
1507 - Retarion Tirme 150
o
100 B3 =100
3 o
i \ -
07 © T L FO
5 10 15 » 2 »
Mt
SPD-20A
Ch1-254nm
Results
Retention Time Arca Area % Height Height %
6383 4603965 47.74 140516 70.07
12.740 5040441 52.26 60014 2993
Totals
9644406 100.00 200530 100.00
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" N 0P
from the reaction catalyzed by
7ca CO,Et 4a
4007 RTﬂbn Time a0
2001 o 200
0 -0
] 2
25 50 75 100 125 150 75 200 225 250
Mnde
SPD-20A
Ch1-254nm
Results
Retention Time Area Area % Height Height %
6.220 4388368 1654 258996 3449
10.270 22140925 8346 491916 6551
Totals |
26529293 100.00 750012 100.00
F200
i k100
O
s 1 15 2 0
Mrubs
SPD-20A
Ch1-254nm
Results
Retention Time Areca Area % Height Height %
6230 8282768 49.86 212639 66.04
10,593 8328054 50.14 109370 33.96
Totaks
16610822 100.00 322000 100.00
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iPr I‘s p” Ph
from the reaction catalyzed by
7da  CO,Et 4a
40 ;lm&m Time § 40
R @ s
] 204 b 20
:
™~
o 3 -0
[
25 50 75 no 125 150 175 200 25 250
Mrubs
SPD-20A
Chl-254nm
Results
Retention Time Area Area % Height Height %
9867 TO3582 3.4 30165 42.20
15007 1563015 68.96 41323 57.80
Totaks
2266597 100.00 TI488 100.00
4007 l;ci'nn Time a 40
~
1 &
a2 - L
3 2m
0 - Ol
L LS
25 50 75 100 125 150 s 00 25 250
Mindes
SPD-20A
Ch1-254nm
Results
Retention Time Area Area % Height Height %
9.667 12996234 4987 387103 61.62
14.753 13063679 50.13 241091 3838
Totals
26059913 100.00 628194 100.00
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Ts
tBu N =3 Ph
from the reaction catalyzed by
7ea CO,Et 4a
w4 - — - 1000
Retenton TnT
2 =0 \ 500
2
<
«Q
o
o .-a-/\ g - | )
25 50 75 100 125 150 s 200 25 250
Mntex
SPD-20A
Ch1-254nm
Results
Retention Time Area Area % Height Height %
4.917 15082326 %90.76 929794 9078
6.673 1535470 924 94395 922
Totals
16617796 100.00 1024189 100.00
Ts
tBua N p- i
from the reaction catalyzed by
7ea CO,Et w 4b
7 R_d_ai'nn me
2000 2000
i 00 4 - 1000
&
N
o
04— ] Lo
| B
2'5 s'o 75 1o'o 1215 15'0 s 20'0 &'s 250
Mt
SPD-20A
Ch1-254nm
Results
Retention Time Area Area % Height Height %
4.360 72210140 96.66 2566107 9462
6.267 2491808 334 146041 538
Totals |
T4T01948 100.00 2712148 100.00
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tBu N P’Ph
from the reaction catalyzed by
= WOH
7ea CO,Et OH 4¢
arion'l’
750 4 - 750
i 500 - 500
=
250 4 Q - 20
o
AP
o-.hA T T -0
25 50 75 100 125 150 s 200 25 250
Mntex
SPD-20A
Ch1-254nm
Results
Retention Time Area Area % Height Height %
4903 13854871 88.60 871622 R8T
6617 1782417 11.40 109194 11.13
Totals
15637288 100.00 980816 100.00
7504 RTG‘I‘GI Ti 8 720
o
500 500
5
2 250+ 250
0 Ol
25 50 75 0o 125 150 175 200 25 250
Mrubs
SPD-20A
Chl-254nm
Results
Retention Time Area Area % Height Height %
4717 13668933 49.13 RR1958 57.712
6043 14151739 50.87 646067 4228
Totaks
27820672 100.00 1528025 100.00
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N
tBu from the reaction catalyzed by
7eb CO,Et
s - Retznton Tme i 7%
&0 l =
g |
- I @ . -
b: o N
R S _ _rgl\J_Trd _ ;':
22 sz 7e  qmn g :3 s e e 2E.0
bz
SPD-20A
Chl-254nm
Results
Fetention Time Area Area %o Height Height %2
6.347 1258725 95.93 82201 96.57
9.197 53352 407 2833 333
Totals
1312077 100,04 53034 100.00
200 ———— 400
Retention Tme [ -
1 o -
] | -
2007 H f F o0
g I 5
= -1 1 L
] | [ -
N 1 L
Fr—d___ EI' o
] ——1 il f £ I g
2 5o 7e aa 2s esa c: mo z2s 5.0
W resiics
SPD-20A
Chl-254nm
Results
Fetention Time Area Area %% Heaght Height %
6.153 8302511 50.21 440485 3813
7547 8232872 45,79 304454 40.87
Totals
16535383 100,00 744935 100.00
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Ns _Ph
tBu N ) P
from the reaction catalyzed by
7ec CO,Et v/ 4b
000 === 2000
Retzntion Time 3
i | E
2000 4 | Fzzon
g ; |I f-
1000 - & - 1000
E o o
E g E
° F '1‘1-- - Fo
2: e r 102 12e £a ns 20 22z 5.0
W el
SPD-20A
Chl-254num
EResults
Fetention Time Area Area %a Height Height %=
4477 31819355 9789 2686659 97.29
5010 684526 211 74762 271
Totals
32503781 L00uE0 2761421 100.00
Retention 'I{'ime
1500 i 1500
|
= 1000 i - 1000
s |
|
5004 |i| | [ 500
ol — A ——F.%— — Lo
L e R
25 =0 75 10.0 12.5 150 175 200 225 250
Minutes
SPD-20A
Chl-254nm
Results
Retention Time Area Area % Height Height %
4377 14131185 50.35 1682716 5527
4713 13935292 49.65 1361600 44.73
Totals
28066457 100.00 3044316 100.00
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Ns
tBu from the reaction catalyzed by
7ed CO,Et
] gent on Time ] i
5004 bl l=oa
[}
g i II L
*  2spd F- [
] oo |
i % |
] N [
A I — e r+g A i
2: so re wa oaze sa s 20c 222 250
Riiriilis
SFD-20A
Chl-254nm
Results
Fatention Time Area Area % Height Height %=
11.683 2311850 0.38 13562 224
12533 26169097 9812 591990 97.76
Totals
26400747 100,04 605552 100.00
Eentc\n Time f
151 ! RE
] 3
] I [
s 100 i 'I A F 100
> ] L) §
ey hl'l ke .II Eil:
RN [
1 b S . r'E'+51" el e
s ea re wa s < s 20e 222 20
[LEN S
SPD-20A
Chl-254nm
Results
Fetention Time Area Area % Heaght Herght %
11.230 4401163 3050 165134 3559
12513 4313846 4850 132991 4401
Totals
8715014 10000 302175 100.00
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Cl

tBu N

from the reaction catalyzed by

Tee CO,Et

oo Retention Time r -
- | L
_ | [
& 2604 | | 222
s i . [
] \ '8 [
=L 13 a i
e LY | -_| L
[ [
2 so re aa 2s esa c: mo z2s 5.0
Wi rlics
SFD-20A
Chl-254nm
Results
Batention Time Area Area % Height Height %
5923 12029945 97.20 00447 06.86
5.027 345548 280 15736 314
Totals
12375854 100,00 62003 100.00
B e T e R 400
Retenton Time |I Ei :
" :
200 [ zo0
- | I‘II|
> | | \ -
o L)I| I| ;c
_'l.f\___ b I'\J | )
2 sz re  aa 2e aza c: o s 5.0
LT
SPD-20A
Chl-254nm
Results
Fatention Time Area Area % Heaght Height %
6.193 8197320 45593 440782 5869
7897 8219574 0.07 310244 41.31
Totals
16416594 100,04 751026 100.00
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Ns CF3
tBu N .
from the reaction catalyzed by
Tef CO,Et
%ﬂtm Time \
720 f [7=a
Jd )
s 5007 Fi F=oa
z 1 i
250 1 rﬁ Fzso
] Lg e ;
LN . I..r"',_-;_l"* | Fo
15 o e wa a2e s 7s e 22: 25.0
[T
SFD-20A
Chl-I54nm
Results
Fatention Time Area Area %o Height Height %2
10,923 23610863 9593 862511 0534
12687 1212393 4107 41111 4.66
Tetals
29823056 10000 204622 100.00
] Retenton Tme f
1504 ! [ 1z2
] I
b | | l| I
, 100 i it F 100
o | 'I N
s0 h I'. b 'I. %ec
[ r
e CRVENL 3
1z 2o By a2 s T 20 22s 8.0
Wi
SPD-20A
Chl-254num
EResults
Fetention Time Area Area %o Height Height %2
11.230 4401168 3050 169184 5559
12,513 4313846 4550 132991 44.01
Totals
8715014 100,04 302175 100.00
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from the reaction catalyzed by

Teg CO,Et
_ g&ntm Tme f 3
2000 - 1 ézc ali}
3 [ d
3 ] \ i
* 1000 - r\-q' I'. - 1000
E r Y o
- ; TE ol o ;l:
1 to e 120 e sn 7s o s aa
Wi
SPD-10A
Chl-254nm
Results
Fatention Time Area Area %o Height Height %2
7437 3339450 401 220894 T.78
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7. ORTEP Representations of the Phosphine Oxides 3b and 3¢

N
/ZE?@ NG i
3b derived froom (S)-carvone N\ < / \/ \d
N\

e NEX -
HT TR
3c derived from (R)-carvone ‘/ ¥

S94



