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General Information: The following commercially obtained reagents for the allylic amination reaction were used
as received:Pd[1,2bis(phenylsulfinyl)ethane](OAg) (Aldrich or Strem); N,N-diisopropylethylamine BIPEA,
Aldrich), (+)-(S,S)-Cr(salen)Cl (Strem Chemicalsjers-butyl methyl ether (TBME, anhydrous, Aldrich). Dry
Solvents tetrahydrofuran (THF), methylene chloride {Clp), anddiethyl ether (EfO), were purified prior to use by
passage through a bed of activated alumina (Glass Contour, Laguna Beach, Californalyliéllamination
reactions were run under air with no precautions taken to exclude moisture. All other reactions were run over a
stream of N gas with dry solvent in flamdried glassware unless otherwise stated. Solvents were removed by
rotatory evapation at ca. 40 torr, unless otherwise stated. All products were filtered thrauglass wool plug

prior to obtaining a final weight. Thilayer chromatography (TLC) was conducted with E. Merck silica gel 60
F254 precoated plates (0.25 mm) and visealinith UV, potassium permanganatgeric ammonium molybdate

and ninhydrinstaining. Flash column chromatography was performed as described by Stifi esiay EM reagent

silica gel 60 (238100 mesh). CDGlsed to analyze compounds containing epoxidaldehyde functionality was
filtered through basic alumina immediately prior to u¥¢.NMR spectra were recorded on a Varian Ui60 (400

MHz) or Varian Unity500 (500 MHz) spectrometer and are reported in ppm using solvent as an internal standard
(CHCl; at 7.26 ppm). Data reported as: s = singlet, d = doublet, t = triplet, g = quartet, p = quintet, m = multiplet, b =
broad, app = apparent; coupling constant(s) in Hz; integration. Pdetmupled*C NMR spectra were recorded

on a Varian Unity400 (100 MHz) or Varian Unity500 (125 MHz) spectrometer and are reported in ppm using
solvent as an internal standard (CP&1 77.0 ppm)*°F NMR spectra were recorded on a Varian U#if0 (376

MHz) spectrometer and are reported in ppm using €B€lan rternal standard (0.00 ppm). IR spectra were
recorded as thin films on NaCl plates on a Mattson Galaxy Series FTIR 5000 and are reported in frequency of
absorption (cil). High-resolution mass spectra were obtained at the University of lllinois Massr@petty
Laboratory. Optical rotations were measured using a 1 mL cell with a 1 dm path ¢eregth2 mL cell with a 10

mm path lengtlon a Jasc®-1020polarimeter. Optical rotations were obtained with a sodium lamp and are reported
as follows:[a],"° (c = g/100 mL, solvent). Melting points are uncorrected.
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Table 1.Exogenous, Catalytic Base Additives for Diredd & Amination

0,0
Ph/P%(gﬁi\)fh 1 Ts
n-C-H (10 mol%) N-C-Hie . 2 N OMe
TN pdditive (6 mol%) TSI
MeOC(O)NHTSs (2 equiv.) ©
3 BQ (2 equiv.), TBME (0.66M) 4
45°C,72h
entry additive yield(%) ® L:B® E:Z°
1 none 1¢ -
2 (S,5)-Cr(salen)Cl 2 50 11:1 19:1
3 pyridine 9 12:1 14:1
4 2,6-di-tert-butylpyridine - -
5 N-isopropylamine - -
6 N, N-diisopropylamine 66 12:1 15:1
7 triethylamine 60 14:1 15:1
8 N,N-diisopropylethylamine 66 11:1 17:1
9 MeOC(O)NTsH-DIPEA® 9 6:1 10:1

3solated yield of linear productinear/branched ratio determéid by HPLC of crude reaction mixture.
‘determined byH NMR after chromatograph§*H NMR yield by comparison with internal standat@.0
equiv. of the pre-formed saltwas used instead of M&EPO)NHTS.

Catalytic Base Exploration

Standard Procedure fa Table 1, liquid additives. A 1 dram vial was charged withdecene (44. mg, 0.3 mmol,

1.0 equiv), followed by-butyl methyl ether (0.450 mL)1,2-Bis(phenylsulfinyl)ethane palladium(ll) acetate (15.1

mg, 0.03 mmol, 0.10 equiv), benzoquinone (64.9 h§,mmol, 2.0 equiv), methybsylcarbamate (137.6 mg, 0.6
mmol, 2.0 equiv), and a stir bar were then sequentially added. Liquid additive (0.018 mmol, 0.06 equiv) was added
via syringe. The vial was fitted with a Teflon cap, and heated to 45;C (withetiagtirring) in an oil bath for 72

h. The vial was removed, allowed to cool to room temperature, and thoroughly rinsed into a 125 mL separatory
funnel with ether (ca. 30 mL). The organic phase was washed with 5%,@@s K6 x 10 mL), and the aqueous
rinses baclextracted with ether (2 x 30 mL). The combined organic extracts were dried over,Migeced

through a 1:1 mixture of Celite/silica gel, and evaporated to dryness (4830 30 torr). The crude product was
purified by flash chromatogph on silica gel (7% EtOAc/hexanes), and evaporated to dryness. Yieldpared

as the amount dinear product £ andZ isomers).

HPLC analysis of L/B ratio. Immediately before workup, the vial was sampled by removing ~5 IL solvent. This
small samfe was dissolved in a mixture of ether/water (1 mL), mixed by vortex stirring, and the organic layer
transferred to a new vial. Ether was removed by passing a gentle stream of nitrogen over the vial (2 min), followed
by addition of 2 mL acetonitrile. HPL@&nalysis (Agilent© Eclipse XDE8, 35;C, 35% HO/MeCN, 1.5 mL/min)

was used to determine the linear/branched ra&ties 13.5 (linearE & Z), 12.8 min (branched), reported as the
average of two injection&inear products possessiAgandZ configurationwere not separated by this method.

Procedure for Table 1, solid additives.Reactions with solid additives were run in an analogous way as above by
adding the solid additive (0.018 mmol, 0.06 equiv) immediately after the palladium catalyst.

Entry 1: Pd[1,2-bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), benzoquinone (64.9 mg, 0.6
mmol, 2.0 equiv), and methyl tosydrbamate (137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard
procedure. Product yield was determined byroparison to an internal standard (nitrobenzenBun 1: (.2%
yield); run 2: (..2% vyield; run 3: (1.8% yield) £/Z and L/B were not determineAverage yield: 1%.
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Entry 2: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), (+}(S,S)-Cr(salen)Cl (11.4

mg, 0.018 mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and tosttodrbamate (137.6 mg,

0.6 mmol, 2.0 equiv) were used following the standard procedure. Run 1: (57.3 mg, 0.156 mmol, 52% yield linear
product[11:1 L/B, 21:1E/7]); run 2: (52.9 mg, 0.144 mmol, 48% vyield [10:1 L/B, 1E/]). Averageyield: 50%

[11:1 L/B, 19:1E/Z]. Allylic acetate products were also isolated as a yellow oil. Rgh7Amg, 0.0237 mmol, 8%

yield [2:1 L/B, 12:1E/Z]; run 2 (73 mg, 0.0368 mmol, 12% yielfi1.5:1 L/B, 14:1E/Z]). Average allylic acetate

yield: 10% [2:1 L/B, 13:1E/Z].

Entry 3: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), pyridine (1.45L , 0.018

mmol, 0.06 equiv), benzoquinon@&4(9 mg, 0.6 mml, 2.0 equiv), and methyl tosydrbamate (137.6 mg, 0.6 mmol,

2.0 equiv) were used following the standard procedure. Run 1: (11.0 mg, 0.030 mmol, 10% yield [12:1 L/B, 14:1
E/Z]); run 2: (8.8 mg, 0.0239 mmol, 8% vyield [12:1 L/B, 1¥/X]). Averageyield: 9% [12:1 L/B, 14:1 E/Z].

Entry 4: Pd[1,2bis(phenylsulfinyl)ethane](OAg)15.1 mg, 0.03 mmol, 00lequiv), diterz-butylpyridine (1.67L ,

0.018 mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.60M0 equiv), and methyl tosydrbamatg137.6 mg, 0.6

mmol, 2.0 equiv) were used following the standard procedure. Run 1: (no product detected by HPLC); run 2: (no
product detected by HPLC).

Entry 5: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), N-isopropylamne (2.07!L ,

0.018 mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and tosylyarbamate (137.6 mg, 0.6
mmol, 2.0 equiv) were used following the standard procedure. Run 1: (no product detected by HPLC); run 2: (no
product detected by PLC).

Entry 6: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), N,N-diisopropylamine (2.54

IL, 0.018 mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and ntesiyydarbamate (137.6 mg,

0.6 mmol, 2.0 equiv) werused following the standard procedure. Run 1: (69.6 mg, 0.189 mmol, 63% yield [11:1
L/B, 16:1 E/Z]); run 2: (75.4 mg, 0.205 mmol, 68% yielti3;1L/B, 14:1E/Z]). Averageyield: 66% [12:1 L/B,
15:1E/Z].

Entry 7: Pd[1,2bis(phenylsulfinyl)ethane](OAg)15.1 mg, 0.03 mmol, 00lequiv), triethylamine (2.51 'L, 0.018
mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.6ahrR.0 equiv), and methyl tosydrbamate (137.6 mg, 0.6 mmol,
2.0 equiv) were used following the standard procedure. Run 1: (67.0 8@, @rhol, 61% yield [14:1 L/B, 15:1
E/Z]); run 2: (64.9 mg, 0.177 mmol, 59% yield [14:1 L/B, 157¥]). Averageyield: 60% [14:1 L/B, 15:1E/Z].

Entry 8: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), N,N-diisopropylethylanme

(3.14 'L, 0.018 mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and neslrizarbamate

(137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard procedure. Run 1: (73.6 mg, 0.200 mmol, 67%
yield [11:1 L/B, 15:1FE/7]); run 2: (73.0 mg, 0.199 mmol, 66% yield [11:1 L/B, 1¥17]); Average yield: 66%
[11:1L/B, 17:1 E/Z].

Entry 9: Pd[1,2bis(phenylsulfinyl)ethane](OAg) (15.1 mg, 0.03 mmol, 00L  equiv),
N,N-diisopropylethylammonium methybsylcarbamate2[15.1 mg, 0.6 mmoR0 equiv,transferred with TBME (2

x 0.150 mL), added last]benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), were usddwing the standard
procedure, except that the initial volume of solvent added with the starting material was 0.150 mL to accommodate
the DIPEAH-MeOCONTSs transfer volumeRun 1: (7.8 mg, 0.0212 mmol, 7% vyield [6:1 L/B, &27]); run 2:

(10.6 mg, 0.0288 mmol, 10% vyield [7:1 L/B, 11E47Z]). Averageyield: 9% [7:1 L/B, 10:1 E/Z].

N,N-diisopropylethylammonium methyltosylcarbamate To a flanedried 15 mL flask with Teflon stir bar was
addedN, N-diisopropylethylaming0.52 mL, 3.0 mmol, 1.0 equiv) and then cooled to 0;C. A solution ethyh
tosylcarbamate(687.8 mg, 3.0 mmol, 1.0 equiv) in dichloromethane (1.5 mL) undewds then transfezd
dropwisevia syringe to the amine base with vigorous stirring. After the addition was completed, the reaction slowly
warmed to room temperature over 4 h. Solvent was removed by rotatory evaporation (30;C, 20 torr) to yield a pale
yellow, viscous oil.
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Figure 2. Effect of DIPEA Concentration on Reactivity for Linear AllylidGH Amination

Exploration of Catalytic DIPEA Loadings. Base loadings at 25 mol% and higher became highly viscous, and
required vigorous stirring to achieve reproducible rasult

Alternate Procedure for Difficult Stirring Conditions. A 3.0 mL conical ReactVial© (Thermo Scientific,
Rockford, IL)was charged with-tlecene (44 mg, 0.3 mmol, 1.0 equiv), followed ybutyl methyl ether (0.450
mL). 1,2-Bis(phenylsulfinyl)ethaa palladium(ll) acetate (15.1 mg, 0.03 mmol, 0.10 equiv), benzoquinone (64.9
mg, 0.6 mmol, 2.0 equiv), methyltosghrbamate (137.6 mg, 0.6 mmol, 2.0 equiv), amspiavane were then
sequentially addedUnder vigorous magnetic stirring, DIPB#as addedropwisevia syringeat a rate of 1 drop/10

sec A black, insoluble residue quickly forms on the sides of the viblhe vial was fitted with @ open cap
containing a Teflon septumand heated to 45;C (with magnetic stirring) in an oil bath for 72 h. vidlewas
removed, allowed to cool to room temperature, and thoroughly rinsed into a 125 mL separatory furestoit

(2 x 0.5 mL) andether ¢a. 30 mL). The organic phase was washed with 5% aGCK (6 x 10 mL), and the
aqueous rinses baektractedwith ether (2 x 30 mL). The combined organic extracts were dried over MgSO
filtered through a 1:1 mixture of Celite/silica gel, and evaporated to drynes8%40;C., 30 torr). The crude
product was purified by flash chromatogrgptn silica gel (7%EtOAc/hexanesload column with CHCl,), and
evaporated to dryness. Yields aeported as the amountlafear product £ andZ isomers).

(0 mol%): See Table 1, entry 1.

(2 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), N,N-diisopropylethylamine
(10.0'L , 0003 mmol, 0010 equiy, 0.3M stock solution in TBME benzoquinone (6@.mg, 0.6 mmol, 2.0 equiv),
methyl tosytarbamate (137.6 mg, 0.6 mmol, 2.0 equafnd 0.440 mL TBMBEwvere used following the standard
procedue. Yields were determined by comparison with an internal standard (nitrobenZeuae)l: (L.8% yield);
run 2: 8.7% yield), run 3: (2.0% yield) Average yield: 3%.
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(3 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), N, N-diisopropylethylamine
(2.57'L , 0009 mmol, 0030 equiv), benzoquinone (8.mg, 0.6 mmol, 2.0 equiv), andethyl tosylcarbamate
(137.6 mg, 0.6 mmol, 2.0 equiwere used following the standard procedure. Ru®3.0(mg, 0177 mmol, 5%
yield); run2: (68.4mg, 0186 mmol,62% yield); run 3: (56.0 mg, 0.152 mmol, 51% yield)\verageyield: 57%.

(6 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00lequiv), N, N-diisopropylethylamine

(3.14 'L, 0.018 mmol, 0.06 equiv), benzoguone (64.9 mg, 0.6 mmol, 2.0 equiv), and mettodylcarbamate

(137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard procedure. Run 1: (73.6 mg, 0.200 mmol, 67%
yield; run 2: (73.0 mg, 0.199 mmol, 66% yieldlkn 3: (71.6 mg, 0.195 mmol, 659teld. Averageyield: 66%.

(10 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg) (15.1 mg, 0.03 mmol, 00l equiv), N,N-
diisopropylethylamine (5.28_, 0.3 mmol, 010 equiv), benzoquinone (8tmg, 0.6 mmol, 2.0 equiv), amdethyl
tosylcarbamate (137.6 gn 0.6 mmol, 2.0 equjvwere used following the standard procedure. Rur6@:1(mg,
0.180 mmol, 60% vyield); run 2: 2.6 mg, 0198 mmol, 66% yield); run 3: (75.0 mg, 0.204 mmol, 68%HRverage
yield: 65%.

(25 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg (15.1 mg, 0.03 mmol, 00lequiv), N, N-diisopropylethylamine
(13.1 'L, 0.075 mmol, 0.25 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and neslizarbamate
(137.6 mg, 0.6 mmol, 2.0 equiwere used following the alternate procedure. Ru{30.6 mg, 0.0833 mmol, 28%
yield); run 2: 31.4mg, 0.854 mmol, B% yield); run 3 (2.3 mg, 0.d43 mmol, 25% yield); run 4 (28.3 mg, @70
mmol, 2% yield). Averageyield: 27%.

(50 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg)X15.1 mg, 0.03 mmeD.10 equiv), N, N-diisopropylethylamine
(26.1 'L, 0.15 mmol, 0.50 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and rethghrbamate (137.6
mg, 0.6 mmol, 2.0 equjwvere used following the alternate procedure. Run 1: (22.7 mg, 0.0618 mmoy,i&tiys
run 2: (21.6 mg, 0.0588 mmol, 20% yield); run 3 (23.0 mg, 0.0626 mmol, 21% yield); run 4 (22.D&ig Gmol,
21% yield). Averageyield: 21%.

(100 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg) (15.1 mg, 0.03 mmol, 00L equiv), N,N-
diisopropylethylamine (52.3 IL, 0.3 mmol, 1.0 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and methyl
tosylcarbamate (137.6 mg, 0.6 mmol, 2.0 equiere used following the alternate procedure. Run 1: (9.2 mg,
0.0250 mmol, 8% vyield); run 2: (12.5 mg, 84D mmol, 11% yield), run 3: (12.7 mg, 0.0346 mmol, 12% yield); run
4: (12.4 mg, 0.0337 mmol, 11% yieldhverageyield: 11%.

(200 mol%): Pd[1,2bis(phenylsulfinyl)ethane](OAg) (15.1 mg, 0.03 mmol, 00L equiv), N,N-
diisopropylethylamine (104.5 'L, ® mmol, 2.0 equiv), benzoquinone (64.9 mg, 0.6ahA.0 equiv), and methyl
tosylcarbamate (137.6 mg, 0.6 mmol, 2.0 eduiere used following the alternate procedure. Run 1: (9.7 mg,
0.0264 mmol, 9% yield); run 2: (8.6 mg, 0.0234 mmol, 8% yield); rufi3:4 mg, 0.0283 mmol, 9% yield); run 4:
(8.7 mg, 0.0237 mmol, 8% yieldAverageyield: 9%.
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Table 2.Scope and Comparison of the Br¢ nsted Base vs. Lewis Acid Promoted Ayt Amination

OO
R Phbg@agPh 1 Ts
N (10 mol%) RN _OMe
H DIPEA or Cr(salen)CI 2 (6 mol%) T
MeOC(O)NHTSs (2 equiv.) >20:1E:z O
BQ (2 equiv.), TBME (0.66M) >20:1L:B
45°C,72h

1 equiv.

entry allylic amination isolated yield
product DIPEA* Cr(salen)Cl

1 MeO,C”~ > " N -CO-Me 5 619%° 37%°
S

2 § \-COzMe 6 R=CHO 7% 76%
Ts
3 RO/\A 7 R=CN 79% 59%
.CO,M
4 Me0,C A n-COMe 8 R=H 81% 53%
Ts
5 RO 9 R=Tf 89% 36%

OMe
6 W T o (-)-10 54% 1%
Ts -)- (! <1%
O/>/\ o
0.
7 LSS CO0Me 4y 48%° <1%
Ts
OAc
8 N COMe (12 64% <1%
o” Ts

g CO,Me
9 X N (+)-13 59% 45%
Ts
- 0 047
10 O\)\‘/\A .CO,Me (+)-14 6% 63%
A N

OB
11 15 R=Me 84% 53%°
12 Ny COR 16  R=Bn 87% 65%°
13 O/\ATS 17 R=tBu 69%’ 40%°
14 18 R=Fm 55%" 40%°

2Average of at least two runs at 0.3 mmol. Products were isolated as onearehaefin isomer'd
NMR). *18:1E/Z ©13:1E/Z °Reported irSl ref. 14. ®48 h reaction time10 mol% DIPEA, CC] solvent,
24 h reaction timefm = Sfluorenylmethyl.

Substrate Scope

General DIPEA Procedure. A 1 dram vial was charged with olefin (0.3 mmol, 1.0 equiv), followed-butyl
methyl ether (0.450 mL).1,2-Bis(phenylsulfinyl)ethane pladium(ll) acetate (15.1 mg, 0.03 mmol, 0.10 equiv),
benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), metbgylcarbamate (137.6 mg, 0.6 mmol, 2.0 equiv), and a stir
bar were then sequentially added, N-Diisopropylethylamine (3.14 'L, 0.018 mmol, 0.06 eguiwas addedia
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autopipet (or syringe), and the reaction mixture instantly became cloudy. The vial was fitted with a Teflon cap, and
heated to 45jC (with magnetic stirring) in an oil bath for 72 h. The vial was removed, allowed to cool to room
temperatve, and vigorously rinsed into a 125 mL separatory funnel with etheBQ mL). The organic phase was
washed with 5% aqg. 0; (6 x 10 mL), and the aqueous rinses bagltacted with ether (2 x 30 mL). The
combined organic extracts were dried over MgS€ltered through a 1:1 mixture of Celite/silica gel, and
evaporated to drynessaa( 30-40iC, 30 torr). The crude product was purified by flash chromatography on silica gel,
and evaporated to dryness.

Comparison to Cr-catalyzed reaction conditions. Reactions with Cr were run in an analogous way as above by
substituting (HCr(salen)Cl (11.4 mg, 0.018 mmol, 0.06 equiv, Strem) for DIPEA. This reagent was added
immediately after the palladium catalyst.

o] (E)-methyl 6-(N-(methoxycarbonyl}-4-methylphenylsulfonamido)hex4-
MeO N NJJ\OM enoate[5]: Methyl hex5-enoate(38.5 mg, 0.3 mmol, 1.0 equiv, Aldrich) was
WTS € reacted following the general procedure. Column chromatography (30%

EtOAc/hexanes) yielded the product as a pale yellow oil. Linear/branched ratio
was >20:1 aftechromatography. Run 1 (66.1 mg, 0.186 mmol, 62% yield, &} run 2 (64.0 mg, 0.180 mmol,
60% vyield, 17:1E/7Z). Average yield: 61%, 18:1E/Z. Cr conditions: Linear/branched ratio wag0>1 after
chromatography(39.5 mg, 0.111 mmoB7% yield, 13:1£/7).

'H NMR (500 MHz, CDC}) 6 7.80 (d,/ = 8.5 Hz, 2H), 7.29 (d] = 8.0 Hz, 2H), 5.76 (dt] = 15.5, 6.5 Hz, 1H),
5.57 (dtJ = 15.5, 6.3 Hz, 1H), 4.38 (d,= 6.5Hz, 2H), 3.67 (s, 3H), 3.66 (s, 3H), 2.42 (s, 3H), 22351 (m, 4H);
¥C NMR: (125 MHz, CDC) 6 173.2, 152.6, 144.5, 136.4, 133.2, 129.2, 128.4, 125.6, 53.7, 51.5, 48.3, 33.3, 27.3,
21.6; IR (film, cm"): 3000, 2955, 2926, 2850, 1732, 1597, 1494, 1441, 1356, 1324, 1266, 1240, 1166, 1128, 1089,
1037, 1018, 972, 906, 874, 816, 768, 677; HRKESI) m/z calcOd for GH,NOsS [M+H]": 356.1168, found
356.1154.

o] (E)-methyl 3-(4-formylphenyl)allyl(tosyl)carbamate [6]: p-Allylbenzaldehyde
N (43.9 mg, 0.3 mmol, 1.0 equiv) was reacted according to the standard procedure.
(©/w¥s OMe " Ejash chromatography (30% @Ac/hexanes) afforded offhite crystals. Run 1
(88.5 mg, 0.237 mmol, 79% vyield); run 2 (84.1 mg, 0.225 mmol, 75% yield). Only
5 the linear £ product was observed b{H NMR. Average yield: 77%. Cr
conditions: Only the lineak product was observed B NMR. Run 1 (81.7 mg,
0.219 mmol, 73% yield); run 2 (88.5 mg, 0.237 mmol, 79% yiddgrage yield 76%.
'H NMR (500 MHz, CDC}) " 9.99 (s, 1H), 7.84 (d = 8.0 Hz, 2H), 7.83 (d] = 7.5 Hz, 2H), 7.53 (d/ =
8.0 Hz, 2H), 7.29 (df = 8.0 Hz, 2H), 6.72 (d] = 16.0 Hz, 1H), 6.41 (d¥[ = 15.8, 6.3 Hz, 1H), 4.65 (dd,= 6.5, 1.0
Hz, 2H), 3.73 (s, 3H), 2.43 (s, 3H)C NMR (500 MHz, CDCk) " 191.7, 152.6, 144.8, 142.2, 136.2, 135.7, 132.6,
130.1, 129.4, 128.5, 127.7, 127.1, 54.0, 48.6, 21.6; IR (film)cBO39, 2954, 2920, 2861, 2832, 2745, 1739, 1699,
1603, 1569, 1443, 1360, 1309, 1280, 1231, 1213, 1089, 969, 912, 879, 816785HRMS (ESI)n/z calcOd for
C1oH20NO5S [M+H]+: 374.1062, found 374.1059.

NC T (E)-methyl 3-(4-cyanophenyl)allyl(tosyl)carbamatef]:  p-Allylbenzonitrile?
\©\/\/ N (43.0 mg, 0.3 mmol, 1.0 equiv) was reacted according to the standard procedure.
Z N\n/OMe Column chromatogphy (35% EtOAc/hexanes) led to the isolation of white
o) crystals. Run 189.2 mg, 0.241 mmol, 80% yieldn 2 (86.1 mg, 0.232 mmol,

78 % vyield). Only the lineaE product was observed byf NMR. Average
yield: 79%. Cr conditions: Only the lineat prodict was observed bfH NMR. Run 1 67.0 mg, 0.181 mmol, 60%
yield); run 2 (64.6 mg, 0.175, 58% yieldyerage yield: 59%.

'H NMR (500 MHz, CDC}) " 7.82 (d,J = 8.0 Hz, 2H), 7.61 (d] = 8.5 Hz, 2H), 7.46 (d] = 8.5 Hz, 2H), 7.30
(d,J =8.0 Hz, 2H), &7 (d,J = 16.0 Hz, 1H), 6.38 (d#j = 16.0, 6.3 Hz, 1H), 4.63 (dd,= 6.5, 1.0 Hz, 2H), 3.72 (s,
3H), 2.43 (s, 3H)*C NMR (500 MHz, CDCJ) " 152.6, 144.9, 140.7, 136.2, 132.4, 131.9, 129.4, 128.4, 128.0,
127.0, 118.8, 111.2, 54.0, 48.5, 21.6; IR (filem"): 3042, 2957, 2226, 1737, 1605, 1495, 1443, 1360, 1318, 1277,
1231, 1169, 1130, 1089, 1018, 971, 912, 881, 815, 768, 733, 676, HRMSnEStplcOd for GH1dN,0,S
[M+H]": 371.1066, found 371.1065.
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o] (E)-methyl 2-hydroxy-3-methoxy-5-(3-(N-(methoxycabonyl) -4-
MeO,C N N OMe methylphenylsulfonamido)prop-1-enyl)benzoate§]: Methyl 5-allyl-
Ts 3-methoxysalicylate (66.7 mg, 0.3 mmol, 1.0 equiv, Aldrich) was reacted

Ho:©/\/\ following the general procedure. Column chromatography (30%

OMe EtOAc/hexanes) yielded the product as a whitids Run 1 (104.8 mg, 0.233
mmol, 78% yield); run 2 (112.0 mg, 0.249 mmol, 83% yield). Only the linear
E product was observed B NMR. Average yield: 81%. Cr Conditions: Only the lineaf product was observed
by *H NMR. Run 1 (53.4 mg, 0.119 mmai0% yield.

'H NMR (500 MHz, CDC}) " 11.01 (s, 1H), 7.79 (dI = 8.0 Hz, 2H), 7.40 (s, 1H), 7.24 (@= 8.0 Hz, 2H),
7.04 (s, 1H), 6.55 (d[ = 16.0 Hz, 1H), 6.10 (d¥, = 15.5, 6.5 Hz, 1H), 4.57 (d,= 6.5 Hz, 2H), 3.93 (s, 3H), 3.88 (s,
3H), 3.69 (s, 3H), 2.38 (s, 3H}*C NMR (500 MHz, CDCk) " 170.5, 152.6, 151.9, 148.6, 144.6, 136.3, 133.0,
129.2, 128.4, 127.1, 122.4, 119.7, 113.7, 112.2, 56.1, 53.9, 52.4, 48.7, 21.5; IR (fljn3666 (broad), 2957,
1737, 1678, 1597, 1482, 1444, 1363, 1291, 1273, 1242, 1203, 1170, 1088, 8078748 794, 754, 669; HRMS
(ESI) m/z calcOd for £H,4NOsS [M+H]": 450.1223, found 450.1212.

0 (E)-methyl
MeO,C N NJ\OMe 3-methoxy-5-(3-(N-(methoxycarbonyl}4-methylphenylsulfonamido)prop-
Ts 1-enyl)-2-(trifluoromethylsulfonyloxy)benzoate[9]: Methyl 5allyl-3-
Tfoj©/\/\ methoxy2-(trifluoromethylsulfonyloxy)benzoafe(106.3 mg, 0.3 mmol, 1.0
OMe equiv) was reacted following the general procedure. Column chromatography
(35% EtOAc/hexanes) yielded the product as an orange oil. Run 1 (155.3 mg,
0.267 mmol, 89% vyield); run 2 (154.1 mg, 062Gmol, 88% yield). Only the lined* product was observed B
NMR. Average yield: 89%. Cr Conditions: Only the lineaf product was observed By NMR. Run 1 (62.4 mg,
0.107 mmol, 36% yield). Th@-methyl styrene product resulting from olefin isoimation was also isolated as
colorless needles (33.3 mg, 0.0940 mmol, 31% yield). Olefin geoni&#y4tio) was not determined.

'H NMR (500 MHz, CDC}) " 7.81 (d.J = 8.5 Hz, 2H), 7.54 (d] = 2.0 Hz, 1H), 7.29 (d] = 8.5 Hz, 2H), 7.16
(d,J=2.0 Hz, 1H), 6.62 (dJ = 16.0 Hz, 1H), 6.32 (dff = 15.8, 6.0 Hz, 1H), 4.61 (d,= 6.0 Hz, 2H), 3.93 (s, 3H),
3.92 (s, 3H), 3.71 (s, 3H), 2.41 (s, 3H)C NMR (500 MHz, CDCJ) " 164.2, 152.5, 151.7, 144.9, 136.9, 136.7,
136.1, 131.2, 129.4, 128.3, 127.4, 125.4, 121.1, 118.6 {q319.6 Hz), 114.2, 56.3, 54.0, 52.6, 48.4, 21°6;
NMR: (470 MHz, CFCJ) 6 -73.9 (s, 3F)JR (film, cm™): 3021, 2955, 1744, 98, 1422, 1363, 1333, 1275, 1217,
1171, 1135, 1088, 1066, 968, 904, 879, 815, 736; HRMS (ESI3alcOd for SH23NO1S,F3 [M+H] *: 582.0715,
found 582.0696.

MeO,C N methyl 3-methoxy-5-(prop-1-enyl)-2-(trifluoromethylsulfonyloxy)benzoate[9a]: E/Z
ratio was nodetermined.
TfO 'H NMR (500 MHz, CDCJ)  7.52 (d,J = 2.0 Hz, 1H), 7.12 (d] = 2.5 Hz, 1H),

OMe 6.31-6.41 (m, 2H), 3.95 (s, 3H), 3.93 (s, 3H), 1.93 (¢ 5.0 Hz, 3H);"F NMR: (376

MHz, CFCk) 6 -74.0 (s, 3F); IR (film, cil): 3024, 2962, 2922, 2854, 1730657, 1591,

1423, 1345, 1303, 1280, 1260, 1247, 1214, 1137, 1067, 1009, 963, 874, 78HRMS; (ESI) m/z calcOd for
C13H1306F3Nas [M+NaT: 377.0290 found 377.0283.

(9)-2-((4-allylphenoxy)methyl)oxirane [(-)-10a]: A 50 mL round bottom flask with
O/K,O stir bar was charged witp-allylphenof (500 mg, 3.7 mmol, 1.0 equiv) and DMF (7
\©\/\ mL). The flask was cooled to 0iC, and NaH (156.5 mg, 3.9 mmol, 1.05 equiv, 60% by
X Wweight in mineral oil) was added portionwise. After stirring for 1 h at 0i¢ (H
evolution @ased), f)-oxiran2-ylmethyl 4methylbenzenesulfonate (2.35 g, 10.3
mmol, 2.78 equiv, Aldrich) dissolved in DMF (3.5 mLx 1 mL rinse) was cannulated into the flask. The reaction
mixture was then allowed to warm to room temperature, and stirred for TBe reaction was quenched by cooling
to 0jC, and adding sat. NBI (5 mL). After transferring to a separatory funnel and diluting with EtOAc (100 mL),
the organic layer was washed twice withCH dried 30 min over N8O, and the solvent evaporated 2;C.
Column chromatography (15% EtOAc/hexanes) afforded the pure product as a colorless oil (557.2 mg, 2.93 mmol,
79% vyield).
'H NMR (500 MHz, CDC}) & 7.10 (d,J = 9.0 Hz, 2H), 6.86 (d/ = 8.5 Hz, 2H), 5.9%6.99 (m, 1H), 5.0%.08
(m, 2H), 4.19 (ddJ = 11.0, 3.0 Hz, 1H), 3.95 (dd,= 11.0, 6.0 Hz, 1H), 3.33.37 (m, 3H), 2.90 (dd] = 4.8, 4.3
Hz, 1H), 2.75 (dd/ = 5.0, 2.5 Hz, 1H)*C NMR: (125 MHz, CDGJ) § 156.8, 137.7, 132.6, 129.5, 115.4, 114.5,
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68.7, 50.1, 44.6, 39.2R (film, cm™): 3070, 3003, 2971, 2924, 1639, 1611, 1584, 1511, 1454, 1432, 1299, 1242,
1178, 1037, 994, 916, 846, 829; HRMS (CI, £k/z calcOd for GH1s0 [M+H]™: 191.1072, found 191.1071;
[a]p?® =-0.24j (c = 1.02, CHG).

/&/ (S,B)-methyl 3-(4-(oxiran-2-
0 o Ts yImethoxy)phenyl)allyl(tosyl)carb_amate[(—)-lO]: Compolund {)-10a
N. OMe (7.1 mg, 0.3 mmol, 1.0 equiv) was reacted following the general
= \n/ procedure. Column chromatography (30% EtOAc/hexanes) yielded the
0 product as a pale orange oil. Run 1 (65.3 mg, 0.157 mmol, 52% yield);

run 2 (75.0 mg, 0.180 mmol, 60% yield), run 3 (63.5 mg, 0.152 mmol,

51% yield). Only the lineaE product was observed Bid NMR. Average yield: 54%.Cr conditions: no product
could be detected By NMR of the crude reaction mixture.

'H NMR (500 MHz, CDC}) " 7.82 (d,J = 8.0 Hz, 2H), 7.31 (d] = 8.5 Hz, 2H), 7.26 (d] = 8.0 Hz, 2H), 6.88
(d,J =9.0 Hz, 2H), 6.62 (d] = 15.5 Hz, 1H), 6.10 (d# = 15.8, 6.6 Hz, 1H), 4.59 (d,= 5.5 Hz, 2H), 4.24 (dd] =
11.0, 3.0 Hz, 1H), 3.95 (dd,= 11.0, 5.5 Hz, 1§ 3.71 (s, 3H), 3.38.34 (m, 1H), 2.91 (dd] = 5.0, 4.0 Hz, 1H),
2.76 (dd,J = 5.0, 3.0 Hz, 1H), 2.41 (s, 3H)C NMR (500 MHz, CDCJ) " 158.3, 152.7, 144.5, 136.4, 133.5, 129.5,
129.3, 128.5, 127.8, 121.7, 114.6, 68.7, 53.8, 50.0, 48.9, 44.6, 2XfémRecm™): 3440 (broad), 3038, 3008, 2961,
2930, 2877, 1735, 1652, 1607, 1513, 1446, 1362, 1248, 1166, 1126, 1089, 1034, 968, 911, 815, 733, 675; HRMS
(ESI) m/z calcOd for £H,iNOsSNa [M+Na]: 440.1144, found 440.113[k]p* = -0.26; (c = 1.0, CHG).

o 0 (R,E)-methyl 4-(oxiran-2-yl)but-2-enyl(tosyl)carbamate [(+}11]:

M/\ J\ (-)-(S)-2-(but-3-enyl)oxiran& (29.4 mg, 0.3 mmol, 1.0 equiv, >99% ee) was reacted
-|'\—'S oM according to the standard procedure, except thagb®awvas used to dry the organic

layers following he workup. Column chromatography provided the product as a

colorless oil. 48 h reaction time: run48(1 mg, 0.148 mmol, 49% yield}n 2 (45.8 mg, 0.141 mmol, 47% yield);

24 h reaction time (42.3 mg, 0.130 mmol, 43% yield); 72 h reaction time (48.2D./48 mmol, 49% yield).

Linear/branched and/Z isomer ratios were >20:1 byd NMR. Average yield (48 h reaction time) 48% Cr

conditions: no product could be detected’HyNMR of the crude reaction mixture.

'H NMR (500 MHz, CDC}) " 7.83 (d,J = 8.0 Hz, 2H), 7.30 (d] = 8.0 Hz, 2H), 5.80 (df} = 15.5, 7.0 Hz, 1H),
5.68 (dt,J = 15.5, 6.0 Hz, 1H), 4.43 (d,= 6.0 Hz, 2H), 3.68 (s, 3H), 3.6298 (m, 1H), 2.77 (dd] = 5.0, 4.0 Hz,
1H), 2.52 (ddJ = 5.0, 3.0 Hz, 1H), 2.43 (s, 3H2.302.35 (m, 2H);**C NMR (500 MHz, CDG)) " 152.6, 144.6,
136.4, 129.6, 129.3, 128.5, 127.6, 53.8, 51.0, 48.4, 46.5 34.9, 21.6; IR (filljr, 2061, 2924, 1732, 1653, 1597,
1443, 1355, 1307, 1272, 1237, 1168, 1128, 1090, ARMS (ESI)m/z calcOddr C;sH,oNOsS [M+H]": 326.1062,
found 326.1051fa]p?* = +0.04j (c = 1.09, CHG).

: (9)-1-((R)-2-methyloxiran-2-yl)pent-4-en-1-ol [(+)-12a]: This procedure was adapted from a
<\\/\/\ similar report in the literaturg.A 50 mL round bottom flask with stir baras charged with ()

OH 2-methylheptal,6-dien-3-ol’ (504.8 mg, 4.0 mmol, 1.0 equiv)s 4molecular sieves (500 mg),

(+)-diisopropyl tartrate (276 'L, 1.32 mmol, 0.33 equivg syringe equipped with a 16 gauge
needle), and CKCl, (16 mL). The reaction mixtur&as then cooled tel0;C, and Ti(Qi-Pr), (234 IL, 0.8 mmol,
0.2 equiv) was added drafse via syringe with stirring for 1 h. The solution was then coole@30,C, andzert-
butyl hydrogen peroxide (327 IL, 1.8 mmol, 0.45 equiv, 5.5 M in decane) wasdadicbpwise to the white slurry.
After 11 h, 5% ag. HCI (4.4 mL) was added, and the reaction mixture was warmed to room temperature. The
mixture was filtered through a fritted funnel filled with celite, and transferred to a separatory funnel w@h (24
mL). The organic layer was washed with water (2 x 10 mL), filtering through a fritted glass funnel each time to
clear the emulsion. The organic layer was then dried ovg8®g1 h), decanted, and concentrated by rotatory
evaporation at 0jC. Flasthromatography (30% ether/pentane) afforded the epoxidesiagla diastereomer (85.3
mg, 0.6 mmol, 15% vyield). A small sample was removed for Mosher ester analysisifia).

'H NMR (500 MHz, CDC}) 6 5.83 (ddt,J = 16.8, 10.3, 7.0 Hz, 1H), 5.05 (dti= 17.0, 1.5 Hz, 1H), 4.98 (d,
=10.5 Hz, 1H), 3.65 (app d,= 9.0 Hz, 1H), 2.89 (d] = 5.0 Hz, 1H), 2.60 (d] = 4.5 Hz, 1H), 2.28.32 (m, 1H),
2.132.21 (m, 2H), 1.671.75 (m, 1H), 1.48.53 (m, 1H), 1.33 (s, 3H}*C NMR: (125 MHz, CDGJ) § 1382, 114.9,

71.0, 59.1, 50.2, 32.1, 29.8, 18I& (film, cm™): 3446 (broad), 3077, 2981, 2930, 2860, 1722, 1641, 1391, 1391,
1273, 1235, 1101, 1066, 994, 911, 8HRMS (Cl, CH) m/z calcOd for 50, [M+H]*: 143.10721, found
143.10715{a]p® = +6.0j (c= 0.42, CHC}).
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Determination of enantiomeric purity by Mosher ester analysig. The epoxy alcohol described above (10.7 mg,
0.08 mmol, 1.0 equiv) was placed in a 1 dram vial, and diluted wityCGHO.5 mL). Triethylamine (50 L, 0.37
mmol, 4.6 equiv), N N-dimethylaminopyridine (4.0 mg, .037 mmol, 0.46 equiv), and (¥
methoxytrifluorophenylacetyl chloride (30 'L, 0.16 mmol, 2.0 equiv) were sequentially added. The reaction vial
was fitted with a Teflon cap and refluxed until the reaction was deemed complete by TLC analysis (20 min). Th
orange solution was treated with, §-dimethylamino)propylamine (~0.2 mL) to consume excess acid chloride, and
the solvent removed by blowing with,N The thick orange oil was dissolved in 5% EtOAc/hexanes, and passed
through a pipet filled with silicgel. The colorless solution was concentrated to dryness and analyz¢d\byR.
A racemic standard was also synthesized for comparison using V(O)}aBa€)OH® Average ratio of integral
values corresponds td%% ee.

'H NMR (500 MHz, CDC}, diagnostic signals) Major diastereomer: " 4.77 (fi¢, 8.0 Hz, 5.0 Hz, 1H), 2.79
(d,J=5.0 Hz, 1H), 2.55 (dJ = 5.0 Hz, 1H). Minor diastereomer: " 4.89 (dds 9.0, 4.0 Hz, 1H), 2.82 (d,= 5.0
Hz, 1H), 2.59 (d/ = 5.0 Hz,1H).
: (S,B-5-(N-(methoxycarbonyl)-4-methylphenylsulfonamido) 1-((R)-2-methyloxiran-2-
<i\_/\/\ yl)pent-3-enyl acetate[f)-12b]: Epoxy alcohol (+)12a (142 mg, 1.0 mmol, 1.0 equiv) was

0 OAc added to a 25 mL round bottom flask with stir bar, and dissolved irRClGH10 mL).
Triethylamine (05660 mL, 4.0 mmol, 4.0 equiv) and acetic anhydride (0.189 mL, 2.0 mmol, 2.0

equiv) were added via syringe, and the reaction stirred 3.5 hr at room temperature. Evaporation of the reaction
solvent, followed by column chromatography (10% EtOAc/hexanes)gedvihe epoxy acetate as a colorless olil
(131.0 mg, 0.711 mmo¥,1% yield).

'H NMR (500 MHz, CDC})) $ 5.79 (ddt,J = 16.8, 10.3, 6.6 Hz, 1H), 5.02 (app dgs 15.5 1.5 Hz, 1H), 4.98
(app dg/J = 10.0, 1.5 Hz, 1H), 4.61 (dd,= 8.5, 5.0 Hz, 1H), 2.8(d, J = 5.5 Hz, 1H), 2.58 (d] = 5.0 Hz, 1H),
2.032.17 (m, 2H), 2.07 (s, 3H), 1.7B78 (m, 2H), 1.31 (s, 3H)C NMR: (125 MHz, CDGCJ) § 170.3, 137.4,
115.3, 75.0, 56.3, 53.2, 29.6 (2 peaks), 21.0, 16.7; IR (filr)c8080, 2924, 2854, 1738, 164257, 1373, 1234,
1066, 1029, 955, 911; HRMS (ClI, GHn/z calcOd for GH1c0sNa [M+Na]': 207.0997, found 207.0990y]p> = -
8.6j (c = 1.08, CHG).

: Ts (S,E)-4-(N-(methoxycarbonyl)}-4-methylphenylsulfonamido) 1-((R)-2-
(N\/\/N\n/o'v'e methyloxiran-2-yl)but-2-enyl acetate [()-12]: Epoxy acetate-}-12b (55.3 mg, 0.3
0 OAC o mmol, 1.0 equiv) was reacted following the general procedure. Column

chromatography (30% EtOAc/hexanes) yielded the product as a colorless oil. Run 1

(82.4 mg, 0.200 mmol, 67% yield; run 2 (73.7 mg, 0.179 m®@p yield). Linear/branched amtiZ ratios were
>20:1 by'H NMR. Average vyield: 64%. Cr conditions: no product could be detected'HyNMR of the crude
reaction mixture.

'H NMR (500 MHz, CDC}) " 7.80 (d,J = 8.5 Hz, 2H), 7.30 (d] = 8.0 Hz, 2H), 5.6-5.73 (m, 2H), 4.67 (dd]
=9.0, 4.0 Hz, 1H), 4.33.41 (m, 2H), 3.67 (s, 3H), 2.80 (d= 5.0 Hz, 1H), 2.57 (d] = 4.5 Hz, 1H), 2.42 (s, 3H),
2.352.47 (m, 2H), 2.03 (s, 3H), 1.31 (s, 3HJC NMR (500 MHz, CDGJ) " 170.1, 152.6, 144.6, 136.4, 129.7,
129.3, 128.4, 127.9, 74.3, 56.2, 53.8, 53.1, 48.4, 33.4, 21.6, 20.9, 16.9; IR (fifh, 2971, 2909, 2850, 1736,
1595, 1514, 1447, 1358, 1234, 1169, 1090, 972, 814, ARMMS (ESI)m/z calcOd for GHyeNO,S [M+H]":
412.1430, found 412.1430]p*? = -3.7; (c = 1.14, CHG).

= = (9)-4,8dimethylnona-1,7-diene[(-)-13a]: A 500 mL round bottom flask was charged with
triphenylphosphonium methyl iodide (15.7 g, 38.9 mmol, 2.0 equiv), THF (187 mL), and a
stir bar. The flask was cooled to 0iC with stirring, gatassiumers-butoxide (4.36 g,
38.9 mmol, 2.0 equiv) was added portionwise as the slurry turned bright yellow. After 30 minutes af)-qQ§p, (
citronellal (3.53 mL, 19.45 mmol, 1.0 equiv, Aldridig]p> = -15.0j, neaxwas added dropwise via syrinjo the
reaction mixture. After stirring an additional 30 min at 0jC, 36 mL sat. aqueoy€IN¥4s added dropwise, and
the solution warmed to room temperature. The reaction mixture was diluted with diethyl ether (300 mL) and
extracted with ether (2 x 80mL). The combined ether layers were then washed with water (1 x 500 mL) and brine
(1 x 500 mL) before drying over NaO, (with stirring, 1 h). Decantation of ether, followed by solvent removal at
0;iC produced the crude product as a pale yellow ollis Was filtered through a pad of silica gel with pentane to
afford a colorless oil (2.8173 g, 18.52 mn@ab% yield).
'H NMR (500 MHz, CDC}) § 5.78 (ddt,J = 17.0, 10.0, 7.0 Hz, 1H), 5.@812 (m, 1H), 4.95.02 (m, 2H),
1.87-2.10 (m, 4H),1.69 (s, 3H, 1.61 (s, 3H), 1.48.54 (m, 1H), 1.32.39 (m, 1H), 1.111.18 (m, 1H), 0.88 (d] =
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7.0 Hz, 3H);13C NMR: (125 MHz, CDQJ) 6 137.7, 131.1, 124.8, 115.5, 41.3, 36.6, 32.4, 25.7, 25.6, 19.3, 17.6; IR
(film, cm™®): 3076, 2967, 2914, 1873, 2856, 2729 (wedl§25 (weak), 1641, 1454, 1440, 1377, 993, 911; HRMS
(Cl, CHjy) m/z calcOd for GH,o [M]*: 152.15650, found 152.1563R4]5°° = -2.3; (neat).

OH (3R,69)-2,6-dimethylnon-8-ene-2,3-diol[ (+)-13b]: To a 500 mL round bottom flask was

- ~ added ADmixp (6.44 g, Aldich), diene {)-13a (1.0 g, 6.57 mmol, 1.0 equiv), methane
HW sulfonamide (812 mg, 8.54 mmol, 1.3 equie)s-butanol (81 mL), water (64 mL), and a

stir bar. The mixture was stirred for 64 h at room temperature, followed by quenching
with solid NaSGO; (8.1 g), and stirring an additional 30 min until the yellow color faded. After removadrof
butanol by rotatory evaporation (45;C), followed by dilution with water (480 mL) and extraction with ethyl acetate
(3 x 200 mL), the combined organic layers weredinvith MgSQ. The solids were filtered and discarded, and the
filtrate evaporated to yield the product as a colorless oil (930 mg, 5.0 M&¥6lyield).

'H NMR (500 MHz, CDC))  5.77 (ddt,J = 17.3, 10.5, 7.1 Hz, 1H), 4901 (m, 2H), 3.32 (d/ = 85 Hz,

1H), 2.26 (bs, 1H), 2.08.12 (m, 2H), 1.871.93 (m, 1H), 1.641.67 (m, 1H), 1.49.55 (m, 2H), 1.20 (s, 3H), 1.15
(s, 3H), 1.111.29 (m, 2H), 0.89 (d/ = 6.5 Hz, 3H);"*C NMR: (125 MHz, CDG)) 6 137.4, 115.7, 79.0, 73.2, 41.1,
33.7, 32.9, 29.1, 26, 23.1, 19.5; IR (film, c/): 3400 (broad), 3075, 2975, 2955, 2926, 2871, 1640, 1461, 1439,
1378, 1281, 1228, 1166, 1071, 993, 910, 779; HRMS (E&lIyalcOd for GH»,0,Na [M+NaJ: 209.1517, found
209.1511; §]p*% = +1.76j (c = 2.0, CHG).
Determination of Diastereoselectivity. Analysis of Mosher esters by HPL@dilent© Eclipse XDBC8, 35%
H,O/MeCN, 1.0 mL/min @ 30iCgt= 7.82, 8.18 min). Major diastereomer (8.18 mBi);1 dr. The absolute
configuration of the resulting diol was assigned bylama™®

O.. P (R)-2,2-dimethyl-3-((S)-3-methylhex-5-enyl)oxirane[(-)-13c]: Diol (+)-13b (552.9 mg,
\1/\/\(\/ 3.0 mmol, 1.0 equiv) was added to a 100 mL round bottom flask with a stir bar, followed by
CHCI, (27.3 mL), and pyridine (1.5 mL, 18.6 mmol, 6.2 equiv). Thectiea flask
solution was cooled to 0jC, and methanesulfonyl chloride (0.465 mL, 6.0 mmol, 2.0 equiv, freshly distilled) was
added dropwise, turning the solution yellow. The reaction warmed to room temperature and stirred an additional 12
h, before being wenched withN,N-(dimethylamino)propylamine (0.42 mL, 3.3 mmol, 1.1 equiv). The now
heterogeneous yellow solution was allowed to stir for 10 min, then decanted into a separatory funnel. The solution
was washed with 10% aqueous CuS6 x 20 mL) and satNaHCQ (1 x 60 mL) before drying over N&O,.
Decantation of the drying agent and removal of solvents left the crude mono mesylate as a colorless liquid; this
material was sufficiently pure for the next step.
H NMR (500 MHz, CDC}, diagnostic peaks) 5.725.81 (m, 1H), 4.9%.02 (m, 2H), 4.54 (dd] = 10.0, 2.5
Hz, 1H), 3.11 (s, 3H), 2.68.10 (m, 1H), 2.02 (bs, 1H), 1.8995 (m, 1H), 1.5a.71 (m, 2H), 1.26 (s, 3H), 1.24 (s,
3H), 0.91 (dJ = 6.5 Hz, 3H).
The mesylate obtained above was dissolvechéethanol (15 mL), and stirred with solig®0; (450 mg, 3.3
mmol, 1.1 equiv) for 4 h at room temperature. The reaction mixture was then slowly poured into ice cold sat.
aqueous NECI (150 mL), and allowed to stand until vigorous bubbling subsided. sdh#ion was extracted with
ethyl ether (3 x 100 mL), dried over p&D,, and evaporated to dryness at 20;C. Flash chromatography (5%
EtOAc/hexanes) isolated the epoxide as a colorless liquid (300.0 mg, 1.7860#tojjeld for 2 steps).
'H NMR (500 MHz,CDCL) 6 5.77 (ddt,/ = 17.0, 10.0, 7.0 Hz, 1H5.00 (d.J = 17.0 Hz, 1H), 4.99 (d = 10.0
Hz, 1H),2.69 (app t/ = 6.3 Hz, 1H), 2.0&2.11 (m, 1H), 1.89.95 (m, 1H), 1.24..62 (m, 5H), 1.30 (s, 3H), 1.26 (s,
3H), 0.89 (dJ = 6.5 Hz, 3H);*C NMR: (125 MHz, CDC}) § 137.2, 115.8, 64.6, 58.3, 41.1, 33.0, 32.6, 26.5, 24.9,
19.4, 18.7; IR (film, crl): 3077, 2997, 2959, 2924, 2873, 1640, 1461, 1378, 1332. 1249, 1122, 994, 910, 869, 793,
738, 679; HRMS (Cl, Ch) m/z calcOd for GH».0 [M+H]*: 169.15925, dund 169.15947;c],* = -1.3; (c = 1.08,
CHCly).

o (o] methyl (R,E)-6-((S)-3,3-dimethyloxiran-2-yl)-4-methylhex-2-
N N)J\OMe enyl(tosyl)carbamate[(+)13]:
WTS Epoxide ¢)-13c (50.5 mg, 0.3 mmol, 1.0 equiv) was reacted following the

general procedure. Column chromatografty% EtOAc/hexanes) yielded the
product as a colorless oil. Run 1 (70.8 mg, 0.179 mmol, 60% vyield); run 2 (69.1 mg, 0.175 mmol, 58% yield). No
branched products were observed, andAtteratio was >20:1 byH NMR. Average yield: 59%. Cr conditions:
No branched products were observed, andateratio was >20:1 byH NMR. Run 1 (53.1 mg, 0.134 mmol, 45%
yield).
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'H NMR (500 MHz, CDC}) & 7.83 (d,J = 8.5 Hz, 2H), 7.30 (d/ = 8.0 Hz, 2H), 5.65 (dd] = 15.5, 7.5 Hz,
1H), 5.51 (dt,/ = 15.3, 6.5 Hz, 1M 4.41 (d.J = 6.0 Hz, 2H), 3.69 (s, 3H), 2.6870 (m, 1H), 2.43 (s, 3H), 2.47
2.21 (m, 1H), 1.38..54 (m, 4H), 1.30 (s, 3H), 1.24 (s, 3H), 1.034&; 7.0 Hz, 3H);*C NMR: (125 MHz, CDC}J)
d 152.6, 144.5, 140.7, 136.4, 129.2, 128.4, 123.2, 64.4, 58.2, 48.5, 36.3, 33.3, 26.7, 24.8, 21.6, 20.3, 18.6; IR
(film, cm™): 2956, 2926, 2874, 1737, 1597, 1444, 1360, 1325, 1291, 1271, 1239, 1186, 1170, 1121, 1090, 973, 875,
814, 769, 756, 676; HRMS (ESH/z calcOd for £H3oNOsS [M+H]": 396.1845, found 396830; f1]o> = +0.5i (c
= 1.08, CHC)).

# methyl (R,E)-4-(benzyloxy)4-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)but -2-

0 o enyl(tosyl)carbamate [{+)-14]: (R)-4-((R)-1-(benzyloxy)but3-enyl}2,2-dimethyt

O\)WNJ\OMe 1,3-dioxolané" (78.7 mg, 0.3 mmol, 1.0 equiv) was reactedoading to the
OBn Ts standard procedurei-lash chromatography (30% EtOAc/hexanes) afforded the

product as a pale orange oil. Run 1 (105.8 mg, 0.216 mmol, 72% yield); run 2

(116.8 mg, 0.239 mmol, 80% yield). Only the linéaproduct was observed Bt NMR. Average yield: 76%.
'H NMR (500 MHz, CDC})  7.83 (d,/ = 8.0 Hz, 2H), 7.26/.33 (m, 7H), 5.86 (dt/ = 15.5, 5.0 Hz, 1H), 5.66

(dd,J = 15.5, 7.5 Hz, 1H), 4.66 (d,= 12.0 Hz, 1H), 4.48 (m, 3H), 4.20 (f= 6.5 Hz, 1H), 3.94 (dd/ = 8.5, 6.5
Hz, 1H),3.88 (app t/ = 7.0 Hz, 1H), 3.72 (dd] = 8.5, 6.5 Hz, 1H), 3.69 (3H, s), 2.42 (s, 3H), 1.38 (s, 3H), 1.35 (s,
3H); *C NMR (125 MHz, CDG)) 152.5, 144.7, 138.0, 136.2, 130.3, 129.9, 129.3, 128.4, 128.3, 127.7, 127.5,
109.7, 79.577.4, 70.365.6, 539, 47.9, 26.4, 25.3, 21.6; IR (film, ¢h 2993, 2924, 2869, 1738, 1598, 1496, 1444,
1365, 1248, 1220, 1171, 1090, 1072, 968; LRMS (FD+) 368.2(100), 230.1(90.8), 212.2(19.8), 198.2 (12.7), 155.1
(47.3); o]p?® = +15.8; (c = 1.0, CHG).

Nucleophile Sope

Table 2, entry 11:Allyl cyclohexane (38.8 mg, 96% pur®,3 mmol, 1.0 equiv) and
methyl tosylcarbamate (137.6g, 0.6 mmol, 2.0 equjwvide infra) were reacted
N~ “OMe following the general procedure. Purification by flash chromatograpi® (
Ts EtOAc/hexanesproduced a light orangal. Run 1 88.4 mg, 0.252 mmol, 84% yigld

run 2 84.9 mg, 0.242 mmol, 81% yigtdrun 3 (88.2 mg, 0.251 mmol, 84% vyield)
Average yield: 83%. The linear ) and branched products were not observed-b)lMR. Spectroscopic dafar
the amination product matched that which was reported previ&usly.

o

1

_Cbz Table 2, entry 12Allyl cyclohexane (38.8 mg, 96% pur@,3 mmol, 1.0 equiv) and benzyl

Ts tosylcarbamate (183.2hg, 0.6 mmol, 2.0 equjwide infra) were reacted following the
generalprocedure. Purification by flash chromatograp86 (EtOAc/hexanes) produced a
light orangeoil. Run 1 {09.0 mg, 0.255 mmol, 85% yigldun 2 (L11.4 mg, 0.261 mmol,

87% yield; run 3 (113.2 mg, 0.265 mmol, 88% yield)verage yield: 87%. The linear ) and branched products
were not clszserved biH NMR. Spectroscopic data for the amination product matched that which was reported
previously.

i

.Boc Table 2, entry 13Allyl cyclohexane (38.8 mg, 96%ure, 0.3 mmol, 1.0 equiviBocNHTs

Ts (162.8 mg, 0.6 mmol, @.equiv, Aldrich), and DIPEA (5.2uL, 0.03 mmol, 0.1 equiwia
syringe) were reacted according to thengral procedure, using carbon tetrachloride as
solvent Flash chromatography (5% EtOAc/hexanes) isolated a colorless oil. RIn91nfg 0208 mmol, 69%
yield); run 2 81.5mg, 0207 mmol, 69% yield); run 3 (84.Ing, 0214 mmol, 71% yield), run 4 (84.3 mg, 0.214
mmol, 71% yield); run 5 (79.0 mg, 0.200 mmol, 67% yiellerage yield: 69%. Cr conditions: run 1 (7.6 mg,
0.0193 mmol, 6% vyield), run 2 (14 mg, 0.0358mmol, 12% yield); run 3 (9.6 mg, 0.0244 mmol, 8% yield).
Average yield with Cr: 9%The linear £) and branched products were not observedtb)NMR. Spectroscopic
data for the amination product matched that which was reported previdusly.

1

_Fmoc Table 2, entry 14 Allyl cyclohexane (38.8 mg, 96% pure, 0.3 mmol, 1.0 equiv) and
Ts FmocNHTs (236L mg, 0.6 mmol, 2.0 equjwide infra) were reacted according to the
modified procedure for difficult stirring, using carbon tetrachloride as solvenFlash
chromatography @ EtOAc/hexanes) isolated a light yellow oil. Run8%.0 mg, 0.9 mmol, 56% yield); run 2
(82.5mg,0.160mmol, 53% vyield). Average yield: 55%. Cr conditions: run 1 (27.1 mg, 0.0526 mmol, 18% vyield);

1
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run 2 (22.6 mg, 0.0438 mmol, 15%eid); run 3 (22.7 mg, 0.0440 mmol, 15% yield). Average yield with Cr: 16%.
The linear £) and branched products were not observedr-biMR. Spectroscopic data matched that which was
reported previously?

] Methyl N-nosylcarbamate. To a flamedried 10 mL round bottom flask with stir bar undes Was
\OJ\N,NS addedp-nitrobenzenesulfonylisocyanat¢342.3 mg, 1.5 mmol, 1.0 equiv) and THF (2.0 mL). After
H cooling the solution to 0jC, methanol (2.0 mL) was added dropwise over 3 min. The reaction was

then allowel to warm to 20iC, and stirred for 10 h. After removal of solvents, the crude product
solidified as offwhite plates (374.0 mg, 1.437 mmol, 96% yield).

'H NMR (400 MHz, CDC}) 6 8.41 (d,J = 8.8 Hz, 2H), 8.27 (d] = 9.2 Hz, 2H), 7.42 (bs, 1H), 3.74, BH);**C
NMR: (125 MHz, CQCN) 8 152.1, 151.9, 145.1, 130.5, 125.3, 54B3{film, cm'l): 1608, 1533, 1452, 1315, 1240,
1163, 1113, 1012, 950, 881, 852, 795, 771, 741; LRMIS T8 e\) 227.9(2), 227.9 (12), 212.0(2), 202.0(7),
186.0(44), 122.0(26), 7&83), 63.0(100).

0 (E)-methyl 3-cyclohexylallyl(4-nitrophenylsulfonyl)carbamate: Allyl cyclohexane
JL (38.8 mg, 96% pure).3 mmol, 1.0 equiv) and methyl nosylcarbamate (187g6 0.6
O/MNS OMe  mmol, 2.0 equiv) were reacted following the general procedure. Punfichti flash
chromatography15% EtOAc/hexanes) produced -afhite crystalline solid¢17.8 mg,
0.0465 mmol, 16% yield). Cr conditions: (43.6 mg, 0.0.114 mmol, 38%)yiel@%
DIPEA/CCl, conditions: run 1 (29.2 mg, 0.0763 mmol, 25% yield); run 2 (25.1 0m@656 mmol, 22% yield)
,lAverage yield (10% DIPEA/CCI, conditions). 24%. The linear ¥) and branched products were not observed by
H NMR.
'H NMR (500 MHz, CDC}) § 8.34 (d,J = 9.0 Hz, 2H), 8.15 (d/ = 9.0 Hz, 2H), 5.78 (dd] = 15.5, 6.5 Hz,
1H), 5.44 (dtJ = 15.5, 6.5 Hz, 1H), 4.43 (d,= 6.5 Hz, 2H), 3.72 (s, 3H), 1.9602 (m, 1H), 1.66..76 (m, 5H),
1.041.32 (m, 5);*C NMR: (125 MHz, CDCJ) & 152.3, 150.4, 144.9, 142.6, 130.0, 123.8, 121.1, 54.1, 49.0, 40.3,
32.6, 26.0, 25.9tR (film, cm®): 2927, 2854, 1743, 1537, 1446, 1402, 1377, 1348, 1315, 1259, 1240, 1178, 1128,
1090, 1012, 9764RMS (ESI)m/z calcOd for GH»N,OgNaS [M+Na]*: 405.1096, found 405.1094.
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Figure 3. Versatility of theN-Tosyl Carbamate Functional Group

A. Large Scale, Facile Synthesis

o) bench-stable

Ts-N=C=0 + ROH CH,Cl, JIL R crystalline solids
(commercial) R =Me, Bn, or MeOH TS'\.I o R =Me 94%
t-Bu, Fm if R = Me H (141 g scale)

B. Useful Transformations of Allylic N-Tosylcarbamate Products
a O
>99% O\)YV\ N H (+)-19
oBn IS
#\o o) b #\O i
— > o
d )it 2% Oy oye (920
7 N7 "OMe — H
OBn Ts #\
(+)-14 —>b’c 3
-
78% O\/\/\/\NH ()21
(2 steps) 2
b,d #\o
—
41% O\)YV\N/Me (+)-22
(2 steps) H

a) K,CO,, MeOH, 25jC, 3.5 h; (b) N&,Hg, -78jC, DME, 10 min; (c) NaOH, ¥D/EtOH, 110;C, 4 h;
(d) LiAIH ,, THF, reflux, 5 h.

O Methyl tosylcarbamate To a 1 L flamedried round bottom flask with septum was added dry

~ JL _Ts methanol (500 mL) and a stir bar. The flaskswcooled in an ice bath cooled at 0ijC, and
o H p-toluenesulfonylisocyanate (100 mL, 0.657 mol, 1.0 equiv) was added dropwisgringewith
stirring. The reaction was then allowed to warm to room temperature. After stirring 2 h, removal of

the solventn vacuo produced a colorless syrup that crystallized spontaneously. The solids were then triturated with
pentane (2 x 50 mL) and ether (1 x 50 mL), followed by drying under high vacuum (0.5 torr) to yield white plates
(141 g, 615 mmol, 94% vyield).

'H NMR (500 MHz, CDC})  7.93 (d,J = 8.5 Hz, 2H), 7.86 (bs, 1H), 7.34 (#i= 8.0 Hz, 2H), 3.69 (s, 3H),
2.44 (s, 3H); mp 10305 C [lit}* 106107 jC]. This procedure was adapted from Uehara, €€ ahd the data is
in agreement with that reported prevétu

(0] Benzyl tosylcarbamate: To a 1 L round bottom flask was added benzyl alcohol (9.9 mL,
)j\ _Ts 95.0 mmol, 1.0 equiv), dichloromethane (200 mL), and a stir bar. The mixture was cooled
©/\O H to 0jC with an ice batip-toluenesulfonylisocyanate (15.2 mL, 99.8 mmoQ5lequiv) was
added dropwise, anddtreaction stirred for 2 h at 20jCAfter removal of solvent under

reduced pressure, the product was crystallized as white plates from 5:1 ef#s/CH
'H NMR (500 MHz, CDC}) & 7.88 (d.J = 8.5 Hz, 2H), 7.44 (bslH), 7.34 (m, 3H), 7.30 (d; = 8.0 Hz, 2H),
7.25 (m, 2H), 5.09 (s, 3H), 2.44 (s, 3H); mp-%8 {C [lit. 103.5104 C]. This data is in agreement with that
reported previously®

(9H-fluoren-9-yl)methyl tosylcarbamate This compound was prepared in thame

0]
Q )L _Ts manner as benzyltosyl carbamate.
. o H 'H NMR (500 MHz, acetond6) & 7.87 (d,J = 8.5 Hz, 2H), 7.84 (d/ = 7.5
O Hz, 2H), 7.63 (d/ = 7.5 Hz, 2H), 7.42 (dj = 8.0 Hz, 2H), 7.39 (t/ = 7.5 Hz, 2H), 7.26
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(t,J=7.5Hz, 2H), 4.37 (d] = 7.5 Hz, 2H), 4.9 (t,J = 6.5 Hz, 1H), 2.43 (s, 3H); mp 1-:A7F2 ;C [lit. 170171 {C].
This data is in agreement with that reported previotfsly.

methylbenzenesulfonamide[(+)-19]: Compound (+14 (43.7 mg, 0.0893 mmol, 1.0
O\)\‘/\A H equiv) was added to a 10 mL flardeied teardrop flask with spirvane stir bar. MeOH
N $l (1.3 mL) was added, followed by,&O; (23.4 mg, 0.169, 1.9 equiv), and the reaction was
OBn S vigorously stirred for 6.75 h at 25jC. The reactwas then quenched with N&l (1
mL), and diluted with EtOAc (10 mL). The aqueous layer was extracted with EtOAc (2 x 10 mL), and the organic
layers were combined, dried over Mg&diltered through Celite, and evaporated under reduced pressure. The
cruce colorless oil (39.0 mg, 0.0904 mmvB9% yield) required no additional purification.
'H NMR (500 MHz, CDC})  7.74 (d,J = 8.5 Hz, 2H), 7.277.34 (m, 7H), 5.66 (dt/ = 15.7, 5.6 Hz, 1H), 5.48
(dd,J = 15.0, 7.8 Hz, 1H), 4.55 (d,= 12.0 Hz, 1H), 62 (bs, 1H), 4.41 (d] = 12.0 Hz, 1H), 4.11 (app d,= 6.3
Hz, 1H), 3.87 (dd/ = 8.8, 6.8 Hz, 1H), 3.78 (appA,= 7.0 Hz, 1H), 3.66 (dd] = 8.5, 6.5 Hz, 1H), 3.53.63 (M,
2H), 2.41 (s, 3H), 1.36 (s, 3H), 1.33 (s, 3FC NMR: (125 MHz, CDG)) § 143.9, 138.4, 137.1, 130.4, 130.0,
129.9, 128.6, 128.0, 127.8, 127.4, 109.9, 79.8, 77.4, 70.9, 65.8, 44.9, 26.7, 25K Hil@; cm™): 3434 (broad),
1639, 1496, 1454, 1369, 1323, 1308, 1290, 1259, 1215, 1159, HBAAS (ESI)m/z calcOd for GHNOsS
[M+H]*: 432.1845 found432.1855[a]p?® = +29.5i (c = 2.67, CHG).

#\ N-((R,E)-4-(benzyloxy}4-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)but -2-enyl)-4-
O]

(E)-methyl 4-(benzyloxy)4-(2,2-dimethyl-1,3-dioxolan-4-yl)but-2-
ﬁ\o o enylcarbamate[(+)-20]: Compound (+J14 (40.2 mg, 0.082 mmol) was added to 10
O\)W )J\OMe mL round bottom flask containing arsbar. Dimethoxyethane (1 mL) was added
H via syringe, and the flask cooled {88;C. A dark, forest green solution of sodium
naphthalidé® was slowly added dropwisei¢ syringe) until the solution became a
light forest green color that persisted for 2 rffWote: trace amounts of benzoquinone/dihydroquinone in the starting
material can cause a OfalseO-gheen color that should not be confused with the endpoint. This color will
eventually fade to light yellow upon addition of more reducing reagent)er Aft additional 10 min a¥8iC, the
solution was diluted with saturated NEl (4 mL), allowed to warm to room temperature, and diluted with ethyl
acetate (10 mL). The layers were separated, and the aqueous layer extracted with ethyl acetate (2 x 10 mL).
Organic fractions were combined, dried over MgSénd evaporated at reduced pressure. Flash chromatography
(30% EtOAc/hexanes) led to the isolation of a colorless oil (22.6 mg, 0.067 8286lyield).
'H NMR (400 MHz, CDC}) § 7.237.33(m, 5H),5.74 (dt,J = 15.5, 5.5 Hz, 1H), 5.50 (dd,= 15.6, 8.0 Hz,
1H), 4.80 (bs1H), 4.63 (dJ = 12.4 Hz, 1H), 4.47 (df = 12.0 Hz, 1H), 4.18 (app {,= 6.4 Hz, 1H), 3.93 (ddj =
8.4, 6.8 Hz, 1H), 383.85(m, 3H), 3.72 (dd/ = 8.4, 6.4 Hz, 1H), 3.67 (8H), 1.38 (s, 3H), 1.35 (s, 3H'C NMR
(100 MHz, CDC}) 6 156.8, 138.2, 132.1, 128.3, 127.7 (2 peaks), 127.5, 109.7,77R&8,70.4, 65.6, 52.2, 42.2,
26.4. 25.2; IR (film, crit): 3347 (broad), 3038, 2988, 2929, 2874, 1723, 1532, 1458, 1381, 1381,1253, 1214,
1155, 1068, 976, 853, 778; HRMS (ESl) calcOd for GHNOs [M+H]™: 336.1811, found 336.1803u]p>* =
+26.2j (c = 1.07, CHG).

o] 21]: Compound (+)20] (22.6 mg, 0.067 mmol, 1.0 equiv) was transferred to a sealed tube

O\)Y\/\ and diluted with 0.25 mL ethanol, 0.75 mL water, and 0.5 mL of 2N NaOH. The tube was
N NHz  heated to 110;C for-2 h, then allowed to cool to room temperature. The water/ethanol
OBn mixture was trasferred to a 25 mL round bottom flask, the ethanol evaporated, and the

mixture diluted with EtOAc (5 mL) and brine (2 mL). The organic layer was separated, and the aqueous layer
extracted with EtOAc (3 x 5 mL). Organic layers were combined, dried ov&Qyldiltered, and evaporated to
dryness. The crude oil was purified by flash chromatography (10% MeQgIgH/o conc. NHOH) to afford a
pale yellow oil (16.8 mg, 0.061 mmd&A5% vyield).

'H NMR (500 MHz, CDC})) § 7.30-7.35(m, 4H),7.247.28(m, 1H), 5.87 (d, J = 15.5, 5.5 Hz, 1H), 5.48 (dd,
=15.5, 8.0 Hz, 1H), 4.66 (d,= 12.5 Hz, 1H), 4.49 (d} = 12.5 Hz, 1H), 4.20 (¢ = 6.5 Hz, 1H), 3.94 (dd] = 8.5,
6.8 Hz,1H), 3.84 (app t/ = 7.5 Hz, 1H), 3.73 (dd] = 8.5, 6.5 Hz, 1H), 3.3%bs, 2H, 1.421.52 {n, 2H), 139 (s,
3H), 1.35 (s, 3H)*C NMR (125 MHz, CDG)) & 138.4, 137.3, 128.3, 127.7, 127.4, 125.7, 109.3,80.6, 70.2,
65.8, 43.526.5, 25.3; IR (film, crit): 3367 (broad), 3037, 2992, 2982, 2913, 2866, 1584, 1498, 1455, 1380, 13

ﬁ\ (E)-methyl 4-(benzyloxy)4-(2,2-dimethyl-1,3-dioxolan-4-yl)but-2-en-1-amine [(+)-
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1330, 1262, 1215, 1157, 1068, 979, 850, 742, 698; HRMS (®&SlpalcOd for GH,,NO; [M+H]": 278.1756,
found 278.1756;d]p>* = +30.7 (c = 1.68, CHG).

(R,E)-4-(benzyloxy)4-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-N-methylbut-2-en-1-
#O amine [(+)-22]: To a flamedried 25 mL round bottom flask containing a stir bar, under
O\)Y\/\N_Me nitrogen, was added lithium aluminum hydride (15.0 mg, 0.396 mmol, 5.5 equiv) and
H THF (2.0 mL). The flask was placed in a water bath at 20 {C, and a solution of
carbamate (+20 (242 mg, 0.0722 mmol, 1.0 equiv) in THF (1.0 mL, with 2 x 1 mL
rinses) was added dropwis#: cannula. After the bubbling subsided, a reflux condenser was attached and the
reaction was heated to reflux for 5 h. After cooling to room temperature, the féessklaced in an ice bath and
guenched with water (~0.1 mL), 15% NaOH (0.5 mL), and vigorously stirred for 8 hr. The reaction was then diluted
with ether (15 mL) and dried for 1 hr with p&0,. The resulting solution was filtered through Celite, conededr
under reduced pressure, and purified by flash chromatography (7% Me@E{1Ft conc. NHOH) to yield a
colorless oil (10.5 mg, 0.0360 Mm% yield).
'H NMR (400 MHz, CDC}) & 7.247.33 (m, 5H), 5.81 (dt/ = 15.6, 6.0 Hz, 1H), 5.50 (dd,= 1586, 8.0 Hz,
1H), 4.66 (dJ = 12.4 Hz, 1H), 4.47 (d] = 12.4 Hz, 1H), 4.19 (app d,= 6.7 Hz, 1H), 3.94 (dd] = 8.4, 6.8 Hz,
1H), 3.83 (app t/ = 7.2 Hz, 1H), 3.73 (dd} = 8.6, 6.6 Hz, 1H), 3.24 (d,= 5.6 Hz, 2H), 2.42 (s, 3H), 1.76 (bs, 1H),
1.39 (s 3H), 1.35 (s, 3H)*C NMR: (100 MHz, CDCk) & 138.3, 134.5, 128.3, 127.7, 127.6, 127.4, 109.7, 80.3,
77.5, 70.1, 65.8, 53.0, 35.9, 26.5, 24R; (film, cm): 3394, 2981, 2960, 2931, 2916, 2895, 2877, 2791, 1604,
1454, 1371, 1259, 1211, 1157, 106579852, 739;HRMS (ESI)m/z calcOd for GH»6NOs [M+H]": 292.1913,
found 292.1916fu]p® = +26.4; (c = 2.44 CHCE).

Figure 4. Late-Stage Oxidation of Natural Product Derivatiwés Direct QN H Allylic Amination

A. Estrone Derivative

OR»
/’ NTs
0=
OMe
R0
R; =TBS; R, =Ac (+)-23 (+)-24 72% >20:1E:Z
Ry =H; R,=H (+)-25 (+)-26 55% >20:1L:B
B. Cedrene Derivative Ts
N\H/OMe
(0]
a OH
. a
H
>20:1 E:Z
(-)-28 80% >20:1L:B

(a) 1 (10 mol%), DIPEA (6 mdk), TSNHCQMe (2.0 equiv.), BQ (2.@quiv.), 0.66 M TBME, 45;C,
72h.

Natural Product Derivatives
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Acetylated N-tosylcarbamate derivative of estrone [(+24]: Allyl
estrone acetate (93'° (46.8 mg, 0.1 mmol, 1.0 equiv) was reacted
following the general proceder Column chromatography (15%
EtOAc/hexanes) yielded the product as a colorless oil. Run 1 (47.7 mg,
0.0686 mmol, 69% yield); run 2 (52.1 mg, 0.0750 mmol, 75% yield). Only
the linearE product was observed By NMR. Average yield: 72%.

'H NMR (500 MHz,CDCl) 6 7.84 (d,J = 8.5 Hz, 2H), 7.31 (d] = 8.5 Hz, 2H), 7.11 (d] = 8.5 Hz, 1H), 6.61
(dd,J = 8.5, 2.5 Hz, 1H), 6.55 (d, 2.5 Hz, 1H), 5.78 (de; 15.3, 8.3 Hz, 1H), 5.53 (df,= 15.2, 6.5 Hz, 1H), 4.71
(d,J = 8.0 Hz, 1H), 4.36..44 (m, 2H), 3.0 (s, 3H), 2.8@.83 (m, 2H), 2.6&.72 (m, 1H), 2.44 (s, 3H), 2.4827
(m, 2H), 2.05 (s, 3H), 1.73.85 (m, 3H), 1.57..61 (m, 1H), 1.33.49 (m, 5H), 0.97 (s, 9H), 0.84 (s, 3H), 0.18 (s,
6H); °C NMR: (125 MHz, CDCJ) 6 170.8, 153.3, 152.7, 144.5, 137187.6, 136.5, 132.7, 129.3, 128.5, 126.1,
124.0, 119.9, 117.2, 86.1, 53.8, 48.7, 48.5, 44.1, 43.8, 43.7, 38.4, 36.8, 30.3, 29.5, 27.1, 26.0, 25.7, 21.6, 21.1, 18.1,
12.6,-4.4; IR (film, cm?): 2943, 2928, 2873, 2860, 1737, 1604, 1495, 1443, 1362, 1288, 1170, 1129, 1090,
1034, 956, 840, 756; HRMS (ES#y- calcOd for §Hs,NO,;SSi [M+H]": 696.3390, found 696.3371q],*® = -0.06;
(c=1.02, CHG).

Unprotected steroid derivative [(+)26]: Allyl estrone alcohol(+)-25%°
(62.5 mg, 0.2 mmol, 1.0 equiwas reacted following the general procedure.
Column chromatography (50% EtOAc/hexanes) yielded the product as pale
yellow solids. Run 1 (60.0 mg, 0.111 mmol, 56% yield); run 2 (56.9 mg,
0.105 mmol, 53% yield). Only the lined product was observed byd
NMR. The internal olefin product resulting from starting material
isomerization was also obtained as a white solid (16.7 mg, 0.0534 mmol,
27% yield).Average yield: 55%. Cr conditions: Only the lineat product was observed B NMR. Run 1 (36.7
mg, 00681 mmol, 34% vyield, L/B &/Z >20:1).

'H NMR (500 MHz, CDC}) 6 7.85 (d,J = 8.5 Hz, 2H), 7.30 (d] = 8.0 Hz, 2H), 7.13 (d] = 9.0 Hz, 1H), 6.64
(dd,J = 8.5, 2.5 Hz, 1H), 6.57 (d,= 2.5 Hz, 1H), 5.85 (dd} = 15.0, 8.5, 1H), 5.60 (df,= 15.0, 6.5Hz, 1H), 5.59
(bs, 1H), 4.45 (d/ = 6.0 Hz, 2H), 3.69 (s, 3H), 3.42 (d= 7.5 Hz, 1H), 2.7°2.82 (m, 2H), 2.482.51 (m, 1H), 2.42
(s, 3H), 2.272.30 (m, 1H), 2.142.20 (m, 1H), 1.92.95 (m, 1H), 1.84.83 (m, 1H), 1.71 (app d,= 12.3 Hz, 1H),
1.21-1.56 (m, 7H), 0.83 (s, 3H)?C NMR: (125 MHz, CDGCJ) 6 153.6, 152.7, 144.6, 139.1, 138.0, 136.3, 132.2,
129.3, 128.5, 126.4, 123.8, 115.2, 112.7, 86.8, 53.8, 48.5 (2 peaks), 46.9, 43.9, 43.7, 38.5, 36.6, 30.4, 29.5, 27.1,
26.1, 21.6 11.7iR (film, cm™): 3483, 3020, 2921, 2870, 1729, 1665, 1610, 1598, 1500, 1446, 1358, 1290, 1216,
1168, 1122, 1089, 1031, 975, 907, 815, 762, 68RMS (ESI)m/z calcOd for gHsgNOsS [M+H]": 540.2420,
found 540.2444f0]p?® = +25.7; (c = 2.47, CHG).

HO

(-)-(9)-1-((2R,3aS,4R,6aS)-3a-allyl-1,1,4trimethyloctahydropentalen-2-yl)ethanol[(-)-
27]: This starting material was synthesized in 4 steps frpm-Cedrene.

'H NMR (500 MHz, CDC}) § 5.85 (ddt,/ = 17.0, 10.1, 7.2 Hz, 1H), 4.9702 (m,
2H), 3.743.79 (m, 1H) 2.022.11 (m, 2H), 1.83 (app Y = 9.3Hz, 1H), 1.621.67 (m, 2H),
1.521.59 (m, 2H), 1.141.36 (m, 5H), 1.15 (d/ = 6.5 Hz, 3H), 1.09 (s, 3H), 0.97 (d= 7.0
Hz, 3H), 0.94 (s, 3H)**C NMR: (125 MHz, CDGJ) 6 137.7, 116.6, 69.4, 60.8, 53.7, 50.7,
46.6, 42.442.0, 39.4, 33.7, 28.8, 26.4, 24.6, 24.4, 14.1; IR (filmNcnHRMS (CI, CH,) m/z calcOd for GH,,0
[M-H]": 235.2062, found 235.206/1]p>° = -3.9 (c = 1.22, CHG).

Ts (-)-methyl(E)-3-((2R,3aS,4R,6aS)-2-((S)-1-hydroxyethyl)-1,1,4
N._OMe trimethyloctahydropentalen-3a-yl)allyl(tosyl)carbamate[(-)-28]: Alcohol (-)-27 (70.9

\”/ mg, 0.3 mmol, 1.0 equiv) was reacted following the general procedure. Column
chromatography (30% EtOAc/hexanes) isolated the product as a thick, colorless oil. Run 1
OH (108.7 mg, 0.234 moi, 78% vyield);run 2 (113.2 mg, 0.244 mmol, 81% yield@nly the
'H linear £ product was observed B NMR. Average yield: 80%.
: 'H NMR (500 MHz, CDC}) § 7.81 (d,J = 8.5 Hz, 2H), 7.27 (d] = 10.0 Hz, 2H),
: 5.80 (d,J = 16.0 Hz, 1H), 5.41 (dt] = 15.5,6.5 Hz, 1H), 4.41 (d/ = 6.0 Hz, 2H), 3.74
3.80 (m, 1H), 3.66 (s, 3H), 2.41 (s, 3H), 1.90 (app, 9.3 Hz, 1H), 1.64..71 (m, 2H), 1.511.62 (m, 2H), 1.42
(app t.J = 12.3 Hz, 1H), 1.24.37 (m, 3H), 1.16 (d] = 6.5 Hz, 3H), 1.07 (3H, s), 1.a011 (n, 1H), 0.83 (s, 3H),
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0.79 (dJ = 6.5 Hz, 3H)*C NMR: (125 MHz, CDG))  152.7, 144.4, 142.7, 136.6, 129.2, 128.3, 119.8, 69.2, 63.1,
53.6, 53.4, 52.9, 49.0, 47.6, 42.4, 38.6, 33.8, 28.7, 25.6, 24.2, 23.9, 21.5, 15.0; IR (f)m3424 (broad), 295
1735, 1656, 1599, 1496, 1446, 1366, 1169, 1089, 914, 870, 813; HRMSHESHIcOd for GH3gNOsS [M+H]":
464.2471, found 464.245X]p>° = -13.3; (c = 1.20, CHG).

Mechanism Studies

A. Proposed Catalytic Cycle for Base-Catalyzed Allylic
C—H Amination

Oxidation C-H Cleavage
O\\ / \

HOOOH ph-S - S ‘Ph

Pd(OAc)2
\>/ \</ AcOH
2 AcOH

L,Pd®

Functionalization LPd”OAc
Nu \/\/ R W

+ = + - DIPEA
DIPEAH OAc DIPEAH Nu=— +
B A NuH
NuH i NUH
uH = u
MeO)J\N/TS AcOH
pKa~35 H

B. Reaction Promotion by exogenous Acetate Source
o, /—\ Ke)

Ph Pd(OAc)E’h 1
. (10 mol%)
s ROAc (6 mol%) TIs

n-CsH;5 o~ N OMe
1.0 equiv. MeOC(O)NHTS (2 equiv.) hd

BQ (2 equiv.), TBME (0.66M) o
45°C, 72 h

R = (n-Bu)yN 63%, 13:1 L/B, 20:1 E/Z
R=DIPEAH  65%,11:1 B, 15:1 E/Z
Figure 5. Proposed Catalytic Cycle for Br¢ nsted B&talyzel, Linear Allylic CN H Amination

Exogenous Acetate Reaction with TBAOAcPd[1,2bis(phenylsulfinyl)ethane](OAg)15.1 mg, 0.03 mmol, 001
equiv), tetrag-butylammoniumpcetate (5.4 mg, 0.018 mmol, 0.06 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0
equiy), and methyltosylkcarbamate (137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard procedure.
Run 1: (68.5 mg, 0.186 mmol, 62% yield [11:1 L/B, 2Z2/Z]); run 2: (69.2 mg, 0.188 mmol, 63% yield [14:1 L/B,
19:1E/7]). Average yield: 63% [13:1L/B, 20:1 E/Z].

Exogenous Acetate Reaction with (DIPEAH)OACPd[1,2bis(phenylsulfinyl)ethane](OAg)15.1 mg, 0.03
mmol, 0.1 equiv), benzoquinone (64.9 mg, 0.6 mmol, 2.0 equiv), and metbyktarbamate (137.6 mg, 0.6
mmol, 2.0 equiv) were used foling themodified procedure for difficult stirring with the following
modifications: only 0.350 mL TBME was added to the vial, and 0.1 mL of a stock solution of DIPEA/AcOH
[0.18M; DIPEA (31.35 'L, 0.18 mmol) and AcOH (10.3 'L, 0.18 mmol) in 1.00 mL of TBMwas added
instead of DIPEA.Run 1: 3.4 mg, 0.200 mmol, 83 yield [11:1 L/B, 16:1 E/Z]); run 2: (8.6 mg, 0.1

mmol, % yield [11:1 L/B, 141 E/Z]). Average yield: 65% [11:1 L/B, 15:1 E/Z].
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Table 3. Effect of Quinone Sterics on Lewis Acid vs. Bsged Base B H Amination Systems

Ol O
7 a »
Phpd(OAcPh 1 Ts
n-CoH (10 mol%) n-CoHie . .~ _N.. _OMe
TENYTS aditive (6 molo) TSN
H MeOC(O)NHTSs (2 equiv.) ©
3 Quinone (2 equiv.), TBME (0.66M) 4
45°C,72h
DIPEA Cr(salen)Cl 2
Entry Quinone Yield(%) ? Yield(%) ®
1 66 50
Do
2 67" 28"
3 O:Q:O 71 35
4 O:Q:o 60 39
5 OTCE:O 60 11
6 o o 75 7

aAverage isolated yield of linear produafter at leastwo runs at 0.3 mmo?BQ (1.0 equiv) was used.

Entry 1: See Table 1, entries 2 (Cr conditions) & 8 (DIPEA conditions).

Entry 2: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), N,N-diisopropylethylamine

(3.14 'L, 0.018 mmol, 0.06 equivhenzoquinone32.4 mg, 0.3 mmol, 1.0 equiv), and methytosylcarbamate
(137.6 mg, 0.6mmol, 2.0 equiv) were used following the standard procedure. Ru@917 {ng, 0190 mmol, 63%

yield); run 2: (5.5 mg, 0.D5 mmol, 68% yield), run 3: (75.8 mg, 0.206 mmol, 69% yield\verage yield: 67%.

Cr conditions: Run 1:31.8 mg, 0.@65 mmol, 29% yield); run 2: 86.0mg, 00980 mmol, 3% vyield), run 3: (28.8

mg, 0.0784 mmol, 26% yield), run 4: (29.0 mg, 0.0789 mmol, 26% yield); run 5 (30.3 mg, 0.0824 mmol, 27%
yield). Averageyield (Cr conditions): 28%.

Entry 3: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), N,N-diisopropylethylamine
(3.14 'L, 0.018 mmol, 0.06 equiv), methylbenzoquinone (73.3 mg, 0.6 mmol, 2.0 equiv), and methyl
tosylcarbamate (137.6 mg.8@ mmol, 2.0 equiv) were used following the standard procedure. Run 1: (78.3 mg,
0.213 mmol, 71% vyield); run 2: (77.2 mg, 0.210 mmol, 70% yieliyerage yield: 71%. Cr conditions: Run 1:
(35.0 mg, 0.0952 mmol, 32% vyield); run 2: (40.7 mg, 0.111 mmak 8ield). Average yield (Cr conditions):

35%.

Entry 4: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), N,N-diisopropylethylamine

(3.14 'L, 0.018 mmol, 0.06 equiv), 28imethylbenzoquinone (81.7 mg, 0.6 miN2.0 equiv), andmethyl
tosylcarbamate (137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard procedure. Run 1: (65.0 mg,

S19



0.177 mmol, 59% vyield); run 2: (66.0 mg, 0.180 mmol, 60% yieliyerage yield: 60%. Cr conditions: Run 1:
(44.2 mg, 0.120 mmol, 40% yieldjun 2: (42.0 mg, 0.114 mmol, 38% yieldAverage yield (Cr conditions):
39%.

Entry 5: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), N,N-diisopropylethylamine

(3.14 'L, 0.018 mmol, 0.06 equiv), 2@imethylbenzoquinone (81 mg, 0.6 mmol, 2.0 equiv), anchethyl
tosylcarbamate (137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard procedure. Run 1: (66.4 mg,
0.181 mmol, 60% yield run 2: (65.5 mg, 0.178 mmol, 59% yieldphverage yield: 60%. Cr conditions:Run 1:

(11.7 mg, 0.0318 mmol, 11% yigldun 2: (11.8 mg, 0.0321 mmol, 11% yieldAverage yield (Cr conditions):

11%.

Entry 6: Pd[1,2bis(phenylsulfinyl)ethane](OAg)(15.1 mg, 0.03 mmol, 00Lequiv), N,N-diisopropylethylamine
(3.14 'L, 0.018 mmol, 0.06 guiv), 2,5dimethylbenzoquinone (81.7 mg, 0.6 mmol, 2.0 equiv), and methyl
tosylcarbamate (137.6 mg, 0.6 mmol, 2.0 equiv) were used following the standard procedure. &ua fng
0.224mmol, 75% yield); run 2: (82.2 mg, 0.22¢&dmol, 75% vyield). Average yield: 75%. Cr conditions: Run 1:
(9.6 mg, 0.0261 mmol, 9% vyield); run 2: (5.9 mg, 0.0161 mmol, 5% yiélderageyield (Cr conditions): 7%.
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