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I. General Information. All glassware was either oven-dried overnight at 130 °C or flame-
dried under a stream of dry nitrogen prior to use. Unless otherwise specified, reagents were used
as obtained from the vendor without further purification. Tetrahydrofuran and diethyl ether were
freshly distilled from purple Na/benzophenone ketyl. Dichloromethane, acetonitrile, toluene, and
benzene were dried over CaH;and freshly distilled prior to use. All other solvents were purified
in accordance with “Purification of Laboratory Chemicals”.! Air- and moisture- sensitive
reactions were performed using standard Schlenk techniques under an atmosphere of nitrogen.
Analytical thin layer chromatography (TLC) was performed utilizing pre-coated silica gel 60 Fs4
plates containing a fluorescent indicator, while preparative chromatography was performed using
SilicaFlash P60 silica gel (230-400 mesh) via Still’s method.? Unless otherwise stated, the
mobile phases for column chromatography were mixtures of hexanes/ethyl acetate. Columns
were typically run using a gradient method, beginning with 100% hexanes and gradually

increasing the polarity using ethyl acetate. Various stains were used to visualize reaction

products, including KMnQO,4 and ceric ammonium molybdate (CAM stain).

'H NMR and **C NMR spectra were obtained using either a Bruker-400, Bruker Callisto-500,
Bruker Persephone-500, or Bruker Phoebe-600 spectrometers. *>F NMR was obtained using
Bruker-400, Bruker Persephone-500, or Bruker Phoebe-600 spectrometers. For 'H NMR,
chemical shifts are reported relative to residual protiated solvent peaks (6 7.26, 7.15 and 7.09
ppm for CDCl3, CsDg and CD3CgDs respectively). 3¢ NMR spectra were measured at either
151, 126 MHz, or 101 MHz on the same instruments noted above for recording *H NMR spectra.
Chemical shifts were again reported in accordance to residual protiated solvent peaks (6 77.2,
128.0 and 137.9 ppm for CDCls, C¢Dgs, and CD3CgDs, respectively). For *F NMR, chemical

shifts are reported referenced to *H NMR. Accurate mass measurements were acquired at the

S-2



University of Wisconsin, Madison using a Micromass LCT (electrospray ionization, time-of-
flight analyzer or electron impact methods). The NMR and Mass Spectrometry facilities are
funded by the NSF (CHE-9974839, CHE-9304546, CHE-9208463, CHE-9629688) and the
University of Wisconsin, as well as the NIH (RR08389-01). The Q Exactive Plus mass

spectrometer was funded through the NIH (1S100D020022-1).

Il. Preparation of homoallenic sulfamates. General procedure: The following procedure is

taken from a literature procedure published by Du Bois.> Formic acid (2.2 equiv) was added
slowly to a rapidly stirred solution of neat chlorosulfonyl isocyanate (CSI, 2.2 equiv) at 0 °C.
During the addition process, vigorous gas evolution and solidification of the reaction mixture to
a white solid were observed. Dry acetonitrile was added to the resulting white solid to make 0.55
M solution of CSI. The reaction mixture was warmed to 23 °C. After stirring overnight, the
mixture was cooled to 0 °C and a solution of the corresponding homoallenic alcohol (1.0 equiv)
in N,N-dimethylacetamide (DMA, same volume as for acetonitrile) was added via syringe. The
reaction was warmed to room temperature and stirred until TLC indicated completion of the
reaction. The reaction mixture was quenched by adding H,O, and poured into a separatory funnel
containing Et;0. The aqueous layer was extracted three times with Et,O and the combined
organic layers were washed five times with H,O, once with brine and dried over Na,SO,4. The
solution was decanted and concentrated by rotary evaporation, yielding a crude product that was
purified by silica gel chromatography (Et,O/hexanes, with gradient) to afford the homoallenic

sulfamates.
:\_):-:i_/ossozr\m2
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Precursor to compound 13. An oven-dried two-necked round-bottom flask fitted with a stir bar
was charged with chlorosulfonyl isocyanate (4.10 g, 29.0 mmol, 2.0 equiv) and cooled to 0 °C.
Formic acid (1.33 g, 28.9 mmol, 2.0 equiv) was added dropwise to the same flask over ca. two
minutes, followed by addition of 29 mL distilled CH3CN. The reaction mixture was warmed to
room temperature and stirred for 15 hours. The reaction was then cooled to 0 °C again and 1.97 g
(14.3 mmol, 1.0 equiv) of the alcohol in 29 mL of DMA was added all at once via syringe to the
reaction. The reaction was warmed to room temperature and stirred for 45 minutes. The reaction
mixture was quenched by adding 40 mL H,0, then poured into a separatory funnel containing an
equal volume of Et,O. The aqueous layer was extracted three times with 30 mL portions of Et,O
and the combined organic layers were washed seven times with 10 mL H,O for each wash. The
organic layer was then washed once with brine and dried over Na,SO,. After silica gel
chromatography (carried out using a gradient method with initial starting mobile phase
consisting of 1:9 Et,O:hexanes, with a gradual increase to a ratio of 1:1 Et,O:hexanes in 10%
increments; CAM stain), 1.87 g (8.61 mmol, 60% yield) of the sulfamate was obtained as a clear
oil. *H NMR (500 MHz, CDCl5) § 5.83 (ddt, J = 16.8, 10.2, 6.4 Hz, 1H), 5.20 (qt, J = 6.2, 2.9 Hz,
1H), 5.11 (qt, J = 6.4, 3.0 Hz, 1H), 5.04 (dg, J = 17.1, 1.7 Hz, 1H), 5.01 — 4.97 (m, 1H), 4.84 —
4.72 (m, 2H), 4.26 (t, J = 6.8 Hz, 2H), 2.44 (qd, J = 6.7, 2.9 Hz, 2H), 2.20 — 2.14 (m, 2H), 2.14 —
2.06 (m, 2H). °C NMR (126 MHz, CDCl3) 5 204.9, 138.1, 115.2, 91.9, 86.1, 70.6, 33.2, 28.6,

28.1. HRMS (ESI) m/z calculated for CoH15NO3S [M+NH,]" 235.1111, found 235.1110.

Me :H

Me>:-:\_/OSOZNH2
Precursor to compound 16. An oven-dried three-necked round bottom flask fitted with a stir
bar was charged with chlorosulfonyl isocyanate (13.8 g, 97.5 mmol, 2.2 equiv) and cooled to 0
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°C. Formic acid (4.50 g, 97.8 mmol, 2.2 equiv) was added dropwise to the same flask over ca. 10
minutes, followed by addition of 81 mL distilled CH3CN. The reaction mixture was warmed to
room temperature and stirred for 12 hours. The reaction was then cooled to 0 °C and 4.98 g (44.4
mmol, 1.0 equiv) of the alcohol in 81 mL of DMA was added all at once via syringe. The
mixture was warmed to room temperature and stirred for ca. 2.5 hours. The reaction mixture was
quenched by adding 130 mL H,O, and poured into a separatory funnel containing an equal
volume of Et;0. The aqueous layer was extracted three times with Et,O and the combined
organic layers were washed five times with 45 mL portions of H,O. The organic layer was then
washed once with brine and dried over Na,SO,. After silica gel chromatography (carried out
using a gradient method with initial starting mobile phase consisting of 0:1 Et,O:hexanes, with a
gradual increase to a ratio of 1:1 in 10% increments; CAM stain), 6.79 g (35.5 mmol, 80% vyield)
of the sulfamate was yielded as a white solid. *H NMR (500 MHz, CDCls) & 4.95 (qq, J = 6.0,
2.9 Hz, 1H), 4.75 (bs, 2H), 4.24 (t, J = 6.9 Hz, 2H), 2.40 (q, J = 6.8 Hz, 2H), 1.69 (d, J = 2.9 Hz,
6H). *C NMR (126 MHz, CDCl3) & 202.8, 96.8, 83.5, 70.8, 28.8, 20.7. HRMS (ESI) m/z

calculated for C;H13NO3S [M+Na]* 214.0508, found 214.0508.

Me H

== OSO,NH,

Et

Precursor to compound 17. An oven-dried three-necked round bottom flask fitted with a stir
bar was charged with chlorosulfonyl isocyanate (18.7 g, 132 mmol, 2.2 equiv) and cooled to 0 °C.
Formic acid (6.10 g, 133 mmol, 2.2 equiv) was added dropwise to the same flask over ca. 15
minutes, followed by addition of 110 mL distilled CH3CN. The reaction mixture was warmed to
room temperature and stirred for 12 hours. The reaction was then cooled to 0 °C and 7.56 g (59.9
mmol, 1.0 equiv) of the alcohol in 110 mL of DMA was added all at once via syringe. The
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mixture was warmed to room temperature and stirred for 3 hours. The reaction mixture was
quenched by adding 180 mL H,O, and poured into a separatory funnel containing an equal
volume of Et,0. The aqueous layer was extracted three times with Et,O and the combined
organic layers were washed five times with ca. 60 mL portions of H,O. The organic layer was
then washed once with brine and dried over Na,SO,. After silica gel chromatography (carried out
using a gradient method with initial starting mobile phase consisting of 0:1 Et,O:hexanes, with a
gradual increase to a ratio of 1:1 in 10% increments; CAM stain), 6.51 g of the homoallenic
enesulfamate (31.7 mmol, 53%) was obtained as a clear, light yellow oil. *"H NMR (500 MHz,
CDCls) & 5.05 (th, J = 6.0, 2.9 Hz, 1H), 4.77 (bs, 2H), 4.24 (t, J = 6.9 Hz, 2H), 2.41 (g, J = 6.8
Hz, 2H), 1.94 (qd, J = 7.4, 3.2 Hz, 2H), 1.69 (d, J = 2.8 Hz, 3H), 0.99 (t, J = 7.4 Hz, 3H). **C
NMR (126 MHz, CDCls) & 202.0, 103.1, 85.5, 70.9, 29.0, 27.0, 19.2, 12.3. HRMS (ESI) m/z

calculated for CgH1sNO3S [M-H] 204.0700, found 204.0702.

H H
>:.—~ OSO,NH,
n-Pr 4\—{k
i-Pr

Precursor to compound 20. An oven-dried three-necked round bottom flask fitted with a stir
bar was charged with chlorosulfonyl isocyanate (1.79 g, 12.7 mmol, 2.4 equiv) and cooled to 0
°C. Formic acid (0.573 g, 12.5 mmol, 2.3 equiv) was added dropwise to the same flask over ca. 1
minute, followed by addition of 11.4 mL distilled CH3CN. The reaction mixture was warmed to
room temperature and stirred for 12 hours. The reaction was then cooled to 0 °C and 0.894 g
(5.32 mmol, 1.0 equiv) of the alcohol in 11.4 mL of DMA was added all at once via syringe. The
reaction was warmed to room temperature and stirred for 3 hours. The reaction mixture was

quenched by adding 20 mL H,O, and poured into a separatory funnel containing an equal volume
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of Et,0. The aqueous layer was extracted three times with Et,O and the combined organic layers
were washed five times with ca. 6 mL portions of H,O. The organic layer was washed once with
brine and dried over Na,SO,. After silica gel chromatography (carried out using a gradient
method with an initial starting mobile phase consisting of 0:1 Et,O:hexanes, with a gradual
increase to a ratio of 1:1 in 10% increments; CAM stain), 0.855 g (3.46 mmol, 65%) of the
homoallenic sulfamate was obtained as a diastereomeric mixture with a ratio close to 1:1. The
product is a clear oil. *H NMR (500 MHz, CDCls) § 5.17 — 5.03 (m, 2H), 4.65 (bs, 2H), 4.47 (qd,
J=6.1, 1.3 Hz, 1H), 2.48 — 2.43 (m, 2H), 2.17 — 2.05 (m, 1H), 2.01 — 1.94 (m, 2H), 1.43 (h, J =
7.3 Hz, 2H), 0.99 (ddd, J = 8.7, 6.8, 2.3 Hz, 6H), 0.93 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz,
CDCIs) 6 205.5, 205.4, 91.6, 91.5, 89.3, 89.2, 85.9, 85.7, 31.7, 31.4, 31.0, 31.0, 30.9, 30.9, 22.5,
225, 18.5, 18.4, 17.5, 17.3, 13.8, 13.8. HRMS (ESI) m/z calculated for C1;H»1NO5S [M-H]

246.1169, found 246.1170.

I11. One-pot synthesis of enesulfamates from homoallenic sulfamates.

ONy
H cat. Rhy(OAC), O P H,0 ¥lo
1.1 equiv PhIO H N/S\O — HN
>=-:\_/OSOZNH2 1eq . >:Q\) CHCN
R CH,Cly, 0.1 M, rt R N 0.4 M, rt =
H
R OH
o P
TBSOTY, 2,6-lutidine N @
CH,Cl,, 0°C, 0.4 M Ho -
R oOTtBs

General procedure: To a flame-dried round bottom flask equipped with a stir bar was added the

corresponding homoallenic sulfamate (1.0 equiv) and Rh,(OAc), (0.0075 equiv). Dry CH,CI,
was added to prepare a 0.1 M solution. The mixture was stirred vigorously at room temperature

for 5 min to yield a green-blue solution. lodosylbenzene (1.1 equiv) was added in one portion,
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and the resulting mixture was stirred at room temperature for approximately 1 hour (for
trisubstituted homoallenic sulfamte, the stirring time was increased to 75 minutes). Upon
completion, the solution was concentrated by rotary evaporation. CH3CN was added to the
residue to prepare a 0.4 M solution, followed by the addition of Millipore water (20 equiv). The
solution was stirred at room temperature for approximately 1 hour, poured into an Erlenmeyer
flask and diluted by a factor of 2-3 with CH,Cl,. The solution was dried over Na,SO, until the
initially cloudy solution turned clear. The resulting solution was decanted and the residue was
washed twice with CH,Cl,. The organic portions were combined and concentrated by rotary
evaporation. Dry CH,CI, (0. 4 M) was then added to the residue to prepare a 0.4 M solution,
which was cooled to 0 °C. A single portion of 2,6-lutidine (1.2 equiv) was added, followed by the
slow addition of TBSOTf (1.2 equiv). The reaction was stirred at 0 °C for 30 minutes. The
mixture was then quenched by addition of saturated NH,4CI solution. The aqueous layer was
extracted three times with CH,Cl,, and the combined organic layers were washed once with
brine. The organic layer was dried over Na,SO,4 and concentrated by rotary evaporation to yield a
crude oil that is purified by silica gel chromatography to afford the (E)-enesulfamate, typically as

a clear oil.

O\\ //
HN @
H
=
% OTBS

Compound 13. To a flame-dried round bottom flask equipped with a stir bar was added the
corresponding homoallenic sulfamate (0.503 g, 2.31 mmol, 1.0 equiv) and Rh,(OAc), (0.0110 g,

0.0249 mmol, 0.0108 equiv). A portion of 23 mL dry CH,Cl, was added to prepare a 0.1 M
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solution. lodosylbenzene (0.610 g, 2.77 mmol, 1.2 equiv) was added in one portion. After
vigorous stirring at room temperature for 25 minutes, 0.680 g of 4 A MS was added to the
reaction mixture. After another 10 minutes, the reaction mixture was filtered through a pad of
celite. The celite cake was rinsed with CH,Cl, and CH,Cl, was removed from the combined
organics in vacuo. To the crude aziridine product was added 5.8 mL CH3CN, followed by 0.25
mL (0.25 g, 0.0139 mmol, 0.006 equiv) Millipore water. After 2.5 hours of stirring at room
temperature, *H NMR showed the full consumption of the aziridine. The reaction mixture was
diluted with ca. 20 mL with CH,CI, and dried over Na,SO4 until the initially cloudy solution
turned clear. The resulting solution was decanted and the residue was washed twice with CH,ClI..
The organic portions were combined and concentrated by rotary evaporation. A portion of 5.8
mL of dry CH,CI, was added to the residue to prepare a 0.4 M solution, which was cooled to 0
°C. A single portion of 2,6-lutidine (0.248 g, 2.32 mmol, 1.0 equiv) was added, followed by
dropwise addition of TBSOTT (0.610 g, 2.31 mmol, 1.0 equiv) over ca. 1 minute. The reaction
was stirred at 0 °C for 90 minutes. The mixture was quenched by addition of saturated NH,CI
solution. The aqueous layer was extracted three times with CH,Cl,, and the combined organic
layers were washed once with brine. The organic layer was dried over Na,SO,4 and concentrated
by rotary evaporation to yield a crude oil that was purified by silica gel chromatography (carried
out using a gradient method with the initial starting mobile phase consisting of 0:1
EtOAc:hexanes, with a gradual increase to a ratio of 2:23 in 1% increments; KMnO, stain) to
afford 0.375 g (1.08 mmol, 47% yield) of 13 as clear oil. *H NMR (500 MHz, CDCl3) & 6.36 (s,
1H), 5.86 — 5.71 (m, 2H), 5.09 — 5.04 (m, 1H), 5.03 (dd, J = 10.1, 1.7 Hz, 1H), 4.80 (t, J = 3.2 Hz,
1H), 4.69 (t, J = 12.6 Hz, 1H), 4.16 (dt, J = 13.0, 3.2 Hz, 1H), 2.24 — 2.16 (m, 4H), 2.12 (ddt, J =

15.1, 12.3, 3.0 Hz, 2H), 1.84 (dt, J = 15.0, 3.3 Hz, 1H), 0.90 (s, 9H), 0.10 (s, 3H), 0.08 (s, 3H).



C NMR (126 MHz, CDCl3) § 137.1, 131.9, 129.4, 116.2, 64.9, 64.7, 37.9, 33.2, 26.5, 25.8, 18.2,

-4.7, -4.9. HRMS (ESI) m/z calculated for C15H2oNO4SSi [M+NH,]" 365.1925, found 365.1924.

0. 0O

N

S~
HN O

H
=

TBDPSO(H,C)s OTBS
Compound 14. To a flame-dried round bottom flask equipped with a stir bar was added the
corresponding homoallenic sulfamate (2.00 g, 4.23 mmol, 1.0 equiv) and Rh,(OAc), (0.0198 g,
0.0448 mmol, 0.0075 equiv). 42.2 mL of dry CH,Cl, was added to prepare a 0.1 M solution. The
mixture was stirred vigorously at room temperature for 5 minutes to yield a green-blue solution.
lodosylbenzene (1.02 g, 4.65 mmol, 1.1 equiv) was added in one portion, and the resulting
mixture was stirred at room temperature for ca. 1 hour. The solution was then concentrated by
rotary evaporation. A portion of 42.2 mL of CH3;CN was added to the residue to prepare a 0.4 M
solution, followed by addition of Millipore water (3.80 g, 211 mmol, 20.0 equiv). The solution
was stirred at room temperature for 1 hour, poured into an Erlenmeyer flask and diluted with 120
mL CH,ClI,. The solution was dried over Na,SO, until the initially cloudy solution turned clear.
The resulting solution was decanted and the residue was washed twice with CH,Cl,. The organic
portions were combined and concentrated by rotary evaporation. A 10.5 mL portion of dry
CHCl, was then added to the residue to prepare a 0.4 M solution, which was cooled to 0 °C. A
single portion of 2,6-lutidine (1.10 g, 10.3 mmol, 2.4 equiv) was added, followed by dropwise
addition of TBSOTT (2.30 g, 8.71 mmol, 2.1 equiv) over ca. 5 minutes. The reaction was stirred
at 0 °C for 30 minutes. The mixture was then quenched by addition of saturated NH4CI solution.

The aqueous layer was extracted three times with CH,Cl,, and the combined organic layers were
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washed once with brine. The organic layer was dried over Na,SO,4 and concentrated by rotary
evaporation to yield a crude oil that was purified by silica gel chromatography (carried out using
a gradient method with initial starting mobile phase consisting of 0:1 EtOAc:hexanes, with a
gradual increase to a ratio of 3:17 in 3% increments; KMnQy, stain) to afford 1.09 g (1.80 mmol,
43%) of 14 as a white solid. *H NMR (500 MHz, CDCls) & 7.68 — 7.64 (m, 4H), 7.45 — 7.35 (m,
6H), 6.35 (bs, 1H), 5.73 (t, J = 7.8 Hz, 1H), 4.78 (t, J = 3.1 Hz, 1H), 4.67 (t, J = 12.6 Hz, 1H),
4.13 (dt, J = 13.0, 3.2 Hz, 1H), 3.66 (t, J = 5.8 Hz, 2H), 2.14 — 2.01 (m, 3H), 1.81 (dt, J = 15.3,
3.3 Hz, 1H), 1.62 — 1.48 (m, 4H), 1.04 (s, 9H), 0.89 (s, 9H), 0.09 (s, 3H), 0.06 (s, 3H). *C NMR
(126 MHz, CDCl3) 6 135.7, 134.0, 134.0, 131.5, 130.2, 129.7, 127.8, 64.8, 64.7, 63.6, 37.8, 32.3,
27.0, 26.6, 25.8, 25.6, 19.4, 18.2, -4.8, -4.9. HRMS (ESI) m/z calculated for C31H49NOsSSi;

[M+NH,]* 621.3208, found 621.3204.

o0 0O

N

HN
Me

Me OTBS

Compound 16. To a flame-dried round bottom flask equipped with a stir bar was added the
corresponding homoallenic sulfamate (0.102 g, 0.531 mmol, 1.0 equiv) and Rh,(OAc),4 (0.0034 g,
0.0077 mmol, 0.0145 equiv). A 5 mL portion of dry CH,Cl, was added to prepare a 0.1 M
solution. The mixture was stirred vigorously at room temperature for 5 minutes to yield a green-
blue solution. lodosylbenzene (0.128 g, 0.583 mmol, 1.1 equiv) was added in one portion, and
the resulting mixture was stirred at room temperature for 1 hour. The solution was then
concentrated by rotary evaporation. A 2.1 mL portion of CH3CN was added to the residue to
prepare a 0.25 M solution, followed by addition of Millipore water (0.20 g, 11.1 mmol, 21.0

equiv). The solution was stirred at room temperature for 1 hour, poured into an Erlenmeyer flask
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and diluted with 6 mL CH,Cl,. The solution was dried over Na,SO, until the initially cloudy
solution turned clear. The resulting solution was decanted and the residue was washed twice with
CHCl,. The organic portions were combined and concentrated by rotary evaporation. A 1.3 mL
portion of dry CH,Cl, was then added to the residue to prepare a 0.4 M solution, which was
cooled to 0 °C. A single portion of 2,6-lutidine (0.0920 g, 0.859 mmol, 1.6 equiv) was added,
followed by dropwise addition of TBSOTT (0.138 g, 0.621 mmol, 1.2 equiv) over ca. 1 minute.
The reaction was stirred at 0 °C for 30 minutes. The mixture was quenched by addition of
saturated NH,CI solution. The aqueous layer was extracted three times with CH,Cl, and the
combined organic layers were washed once with brine. The organic layer was dried over Na,SO,4
and concentrated by rotary evaporation to yield a crude oil that was purified by silica gel
chromatography (carried out using a gradient method with initial starting mobile phase
consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 3:17 in 3% increments) to
yield 53.2 mg of the enesulfamate (0.165 mmol, 31%) as a white solid. *H NMR (500 MHz,
CDCls3) & 6.20 (bs, 1H), 4.87 (t, J = 3.1 Hz, 1H), 4.70 (t, J = 12.5 Hz, 1H), 4.14 (dt, J = 12.9, 3.2
Hz, 1H), 2.08 (ddt, J = 15.2, 12.3, 3.2 Hz, 1H), 1.92 (s, 3H), 1.81 (dt, J = 14.8, 3 Hz, 1H), 1.76 (s,
3H), 0.89 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H). *C NMR (126 MHz, CDCls) & 133.7, 125.4, 65.8,
64.5, 37.0, 25.8, 20.6, 19.0, 18.2, -4.8, -5.0. HRMS (ESI) m/z calculated for C13H,7NO4SSi [M-

H] 320.1357, found 320.1358.

O\\ //O O\\ 0
HN” Q HN~ Q
Me _ Et P
Et OTBS Me OTBS
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Compound 17. To a flame-dried round bottom flask equipped with a stir bar was added the
corresponding homoallenic sulfamate (1.52 g, 7.39 mmol, 1.0 equiv) and Rh,(OAc), (0.0274 g,
0.0620 mmol, 0.0084 equiv). A 78 mL portion of dry CH,Cl, was added to prepare a 0.1 M
solution. The mixture was stirred vigorously at room temperature for 5 minutes to yield a green-
blue solution. lodosylbenzene (1.78 g, 8.09 mmol, 1.1 equiv) was added in one portion, and the
resulting mixture was stirred at room temperature for 1.5 hour. The solution was then
concentrated by rotary evaporation. A 18.3 mL portion of CH3CN was added to the residue to
prepare a 0.4 M solution, followed by addition of Millipore water (2.60 g, 144 mmol, 20.0 equiv).
The solution was stirred at room temperature for 1 hour, poured into an Erlenmeyer flask and
diluted with ca. 60 mL CH,Cl,. The solution was dried over Na,SO, until the initially cloudy
solution turned clear. The resulting solution was decanted and the residue was washed twice with
CHCl,. The organic portions were combined and concentrated by rotary evaporation. A portion
of 18 mL of dry CH,Cl, was then added to the residue to prepare a 0.4 M solution, which was
cooled to 0 °C. A single portion of 2,6-lutidine (0.920 g, 8.59 mmol, 1.2 equiv) was added,
followed by dropwise addition of TBSOTT (3.07 g, 11.6 mmol, 1.6 equiv) over ca. 10 minutes.
The reaction was stirred at 0 °C for 30 minutes. The mixture was quenched by addition of
saturated NH,4CI solution. The aqueous layer was extracted three times with CH,Cl, and the
combined organic layers were washed once with brine. The organic layer was dried over Na,SO,4
and concentrated by rotary evaporation to yield a crude oil that was purified by silica gel
chromatography (carried out using a gradient method with initial starting mobile phase
consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 1:19 in 1% increments;
KMnQO, stain). The product was obtained as 0.546 g (1.63 mmol, 22%) of enesulfamate 17

isolated as an isomeric mixture (E:Z ratio = 6:1). *H NMR (500 MHz, CDCls) & 6.22 (bs, 0.85H),
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6.15 (bs, 0.15H), 4.88 (t, J = 3.0 Hz, 0.85H), 4.83 (t, J = 3.0 Hz, 0.15H), 4.68 (t, J = 12.5 Hz,
1H), 4.13 (dt, J = 12.9, 3.3 Hz, 1H), 2.55 (dq, J = 14.9, 7.6 Hz, 0.15H), 2.23 (dq, J = 14.9, 7.6 Hz,
0.15H), 2.18 — 1.99 (m, 2.7H), 1.90 (s, 2.55H), 1.82 (dt, J = 15.0, 3.6 Hz, 1H), 1.73 (s, 0.45H),
1.04 (t, J = 7.6 Hz, 2.55H), 0.99 (t, J = 7.5 Hz, 0.45H), 0.88 (s, 9H), 0.08 (s, 3H), 0.04 (s, 3H). E
isomer: °C NMR (126 MHz, CDCls) & 139.1, 125.2, 65.6, 64.4, 37.5,25.9, 25.8, 18.1, 17.7, 12.7,
-4.7, -4.9. Z isomer: *C NMR (126 MHz, CDCls) & 138.8, 124.9, 65.9, 64.5, 36.9, 26.4, 18.2,
16.1, 11.8, -4.8, -5.0. HRMS (ESI) m/z calculated for C14H290NO,SSi [M+Na]" 358.1479, found

358.1476. The identity of the major isomer as E was confirmed by NOE experiments:

0. P

.S-
HN O

H
=

CsHi1 oTBS®

Compound 18. Compound 18 was prepared by a modification of the general procedure. To a
flame-dried, round bottom flask equipped with a stir bar was added the corresponding
homoallenic sulfamate (2.50 g, 10.7 mmol, 1.0 equiv) and Rhy(TPA), (0.145 g, 0.107 mmol,
0.01 equiv). A 108 mL portion of dry CH,CI, was added to prepare a 0.1 M solution. The
mixture was stirred vigorously at room temperature for 5 minutes to yield a green-blue solution.
lodosylbenzene (2.83 g, 12.9 mmol, 1.2 equiv) was added in one portion, and the resulting
mixture was stirred at room temperature for 1.2 hour. The solution was then concentrated by

rotary evaporation. A 53 mL portion of CH3CN was added to the residue to prepare a 0.2 M
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solution, followed by addition of Millipore water (4.0 g, 222 mmol, 21.0 equiv). The solution
was stirred at room temperature for 1 hour, poured into an Erlenmeyer flask and diluted with 160
mL CH.Cl,. The solution was dried over Na,SO, until the initially cloudy solution turned clear.
The resulting solution was decanted and the residue was washed twice with CH,Cl,. The organic
portions were combined and concentrated by rotary evaporation. The crude alcohol (with a dr of
3:1) was purified by silica gel chromatography (carried out using a gradient method with an
initial starting mobile phase consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio
of 7:18 in 4% increments; KMnQ, stain) to separate the anti and syn stereoisomers prior to
silylation. A 3.5 mL portion of dry CH,CI, was added to 0.349 g (1.33 mmol, 1.0 equiv) of the
syn-isomer to prepare a 0.4 M solution, which was cooled to 0 °C. A single portion of 2,6-
lutidine (0.212 g, 1.97 mmol, 1.5 equiv) was added to 0.349 g (1.33 mmol, 1.0 equiv) of the syn-
isomer, followed by the dropwise addition of TBSOTT (0.702 g, 2.66 mmol, 2.0 equiv) over ca. 1
minute. The reaction was stirred at 0 °C for 30 minutes. The mixture was quenched by addition
of saturated NH,4CI solution. The aqueous layer was extracted three times with CH,Cl,, and the
combined organic layers were washed once with brine. The organic layer was dried over Na,SO,4
and concentrated by rotary evaporation to yield a crude oil that was purified by silica gel
chromatography (carried out using a gradient method with an initial starting mobile phase
consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 1:19 in 1% increments; 1%
Et,O was added to improve separation among diastereomers; KMnQO, stain). A 0.215 g (0.571
mmol, 43%) portion of compound 18 was obtained as a white solid. *H NMR (500 MHz, C¢Ds) &
6.46 (bs, 1H), 5.84 (t, J = 7.8 Hz, 1H), 4.31 — 4.22 (m, 2H), 3.27 (dd, J = 13.0, 2.7 Hz, 1H), 1.81
—1.65 (m, 3H), 1.24 — 1.09 (m, 6H), 0.86 (t, J = 7.0 Hz, 3H), 0.79 (s, 9H), 0.37 (d, J = 7.4 Hz,

3H), -0.14 (s, 3H), -0.14 (s, 3H). *C NMR (126 MHz, C¢Ds) & 132.4, 129.7, 69.5, 68.3, 40.4,
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31.7, 29.0, 26.7, 25.7, 22.8, 18.2, 14.2, 13,5, -5.1, -5.2. HRMS (ESI) m/z calculated for

C17H3sNO4SSi [M+NH,]" 395.2394, found 395.2394.

O
N

H i-Pr
=

n-Pr oTBS

Compound 20. Compound 20 was prepared by a modification of the general procedure. To a
flame-dried, round bottom flask equipped with a stir bar was added the corresponding
homoallenic sulfamate (1.00 g, 4.04 mmol, 1.0 equiv) and Rh,(OAc), (0.0136 g, 0.0308 mmol,
0.0076 equiv). A 40 mL portion of dry CH,Cl, was added to prepare a 0.1 M solution. The
mixture was stirred vigorously at room temperature for 5 min to yield a green-blue solution.
lodosylbenzene (0.980 g, 4.45 mmol, 1.1 equiv) was added in one portion, and the resulting
mixture was stirred at room temperature for 1 hour. The solution was concentrated by rotary
evaporation and 16 mL of CH3CN added to the residue to prepare a 0.25 M solution, followed by
addition of Millipore water (1.45 g, 80.6mmol, 20.0 equiv). The solution was stirred at room
temperature for 1 hour, poured into an Erlenmeyer flask and diluted with ca. 50 mL CH,Cl,. The
solution was dried over Na,SO, until the initially cloudy solution turned clear. The resulting
solution was decanted and the residue was washed twice with CH,Cl,. The organic portions were
combined and concentrated by rotary evaporation. The crude alcohol was purified by silica gel
chromatography (carried out using a gradient method with an initial starting mobile phase
consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 2:3 in 5% increments;
KMnQO, stain) to yield 0.202 g of the syn stereoisomer (0.767 mmol, 19%) prior to silylation. A 2

mL portion of dry CH,Cl, was added to 0.202 g (0.767 mmol, 1.0 equiv) of the syn-isomer to
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prepare a 0.4 M solution, which was cooled to 0 °C. A single portion of 2,6-lutidine (0.101 g,
0.944 mmol, 1.2 equiv) was added, followed by dropwise addition of TBSOTf (0.207 g, 0.932
mmol, 1.2 equiv) over ca. 1 minute. The reaction was stirred at 0 °C for 30 minutes. The mixture
was quenched by addition of saturated NH4CI solution. The aqueous layer was extracted three
times with CH,CI, and the combined organic layers were washed once with brine. The organic
layer was dried over Na,;SO,4 and concentrated by rotary evaporation to yield a crude oil that was
purified by silica gel chromatography (carried out using a gradient method with an initial starting
mobile phase consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 1:17 in 3%
increments; KMnO;, stain). A 0.120 g portion of compound 20 (0.318 mmol, 41%) was obtained
as a white solid. *H NMR (500 MHz, CDCls)  6.08 (bs, 1H), 5.86 (t, J = 7.8 Hz, 1H), 4.80 (dd, J
= 7.8, 3.9 Hz, 1H), 4.30 (ddd, J = 11.1, 5.4, 2.5 Hz, 1H), 2.20 (ddd, J = 15.4, 7.8, 2.5 Hz, 1H),
2.16 — 2.02 (m, 3H), 1.82 (0, J = 6.9 Hz, 1H), 1.47 (h, J = 7.3 Hz, 2H), 0.98 — 0.93 (m, 9H), 0.90
(s, 9H), 0.11 (s, 3H), 0.06 (s, 3H). *C NMR (126 MHz, CDCls) 5 133.3, 131.8, 85.6, 67.7, 40.8,
33.0, 29.2, 25,9, 22,5, 18.6, 18.2, 17.4, 14.0, -4.6, -4.8. HRMS (ESI) m/z calculated for

C17H3sNO4SSi [M-H] ™ 376.1983, found 376.1982.

IV. One-pot synthesis of F-N-O triads from enesulfamates.

O O
O\\S’/\ 1.5 equiv Selectfluor O\\S’/\ Me4N(OAc)3;BH % 2
HN~ Q 4 AMS _ N~ Q glacial AcOH HN~ Q
2 > 1
R 0.1 M MeNO, Rl‘ MeCN, 0 °C s rt RY
1 80°C,1h R?' overnight R?'
R'" OTBS F  OTBS F OTBS

General procedure: To a flame-dried, round bottom flask equipped with a stir bar was added the

corresponding enesulfamate (1.0 equiv), Selectfluor (1.5 equiv), and 4 A MS (same amount as
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Selectfluor). Dry CH3NO; was added to prepare a 0.1 M solution. The mixture was stirred at 80
°C for 1 hour. The reaction mixture was then filtered through a pad of celite, and the filtrate
concentrated by rotary evaporation. Dry CH3CN (CH3CN:CH3NO, = 1:1 v/v) was added to the
crude imine, and the reaction mixture was cooled to 0 °C. Glacial AcOH (AcOH:CH3;CN = 1:1
v/v) was added to the flask, followed by addition of MesN(OAc);BH (3.0 equiv). The reaction
mxiture was warmed to rt and stirred overnight, after which TLC indicated complete
consumption of the starting material. The reaction mixture was transferred to a separatory funnel
containing CH,CI, and washed three times with saturated NaHCOj3 solution. The aqueous layer
was extracted three times with CH,Cl,. The combined organic layers were washed once with
brine, dried over Na,SO,4, and concentrated by rotary evaporation to yield the diastereomeric
mixture. The crude product was purified by silica gel chromatography (solvents given for each

specific compound below) to give the all-syn product as the major diastereomer.

o O

N/

s~
HN Q

H14Cs

F oOTBs
Compound 7a. To a flame-dried, round bottom flask equipped with a stir bar was added the

enesulfamate 7 (0.500 g, 1.38 mmol, 1.0 equiv), Selectfluor (0.733 g, 2.07 mmol, 1.5 equiv), and
0.737 g of 4 A MS. Dry CH3NO, (13.7 mL) was then added to prepare a 0.1 M solution. The
mixture was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad of
celite. The celite cake was rinsed with CH,Cl,. The combined organics were concentrated by
rotary evaporation. Dry CH3;CN (13.7 mL) was added to the crude imine and the reaction
mixture was cooled to 0 °C. Glacial AcOH (13.7 mL, AcOH:CH3;CN = 1:1 v/v) was then added

to the flask, followed by addition of MesN(OAc);BH (1.09 g, 4.13 mmol, 3.0 equiv). The
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reaction mixture was warmed up to room temperature and stirred for 3 hours. The reaction
mixture was transferred to a separatory funnel containing CH,Cl, and washed three times with
saturated NaHCOg3 solution. The aqueous layer was extracted three times with CH,Cl,. The
combined organic layers were washed once with brine, dried over Na,SO,4, and concentrated by
rotary evaporation to yield the diastereomeric mixture, which was purified by silica gel
chromatography (carried out using a gradient method with an initial starting mobile phase
consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 7:3 in 10% increments; 1%
Et,O was added to improve separation among diastereomers; KMnQ, stain) to give the all-syn 7a
as the major diastereomer (0.347 g, 0.906 mmol, 66%) as a white solid. *"H NMR (500 MHz,
CeDg) & 5.75 (d, J = 10.7 Hz, 1H), 4.63 (t, J = 12.4 Hz, 1H), 4.24 (dddd, J = 48.2, 9.0, 4.2, 2.3
Hz, 1H), 3.74 (t, J = 2.8 Hz, 1H), 3.70 (dt, J = 13.0, 3.3 Hz, 1H), 3.30 (ddd, J = 25.5, 10.7, 2.3
Hz, 1H), 2.10 — 1.95 (m, 1H), 1.74 — 1.30 (m, 9H), 1.06 (t, J = 7.1 Hz, 3H), 1.00 (s, 9H), 0.12 (d,
J = 1.3 Hz, 3H), 0.00 (s, 3H). *C NMR (126 MHz, CgDg) & 95.0 (d, J = 179.1 Hz), 69.5, 63.8,
58.1 (d, J = 18.2 Hz), 37.3, 32.3 (d, J = 21.0 Hz), 31.9, 25.9, 25.0 (d, J = 4.9 Hz), 22.9, 18.0,
14.2, -4.4,-5.1 (d, J = 3.2 Hz).2*F NMR (471 MHz, CgDg) & -193.61 (dddd, J = 47.1, 32.0, 25.5,
13.7 Hz). HRMS (ESI) m/z calculated for C1gH3sFNO,SSi [M + H'] 384.2035, found 384.2029.

0.0
.S-0
%// HN
CsHy1

F OTBS

Compound 8a. The enesulfamate 5 (0.400 g, 1.10 mmol, 1.0 equiv) was added to a 25 mL round
bottom flask, followed by the addition of Selectfluor (0.589 g, 1.65 mmol, 1.5 equiv) and 0.589 g
of 4 A MS. Distilled CH3NO; (11 mL) was added to make a 0.1 M solution. The reaction was

stirred at 80 °C for 1 hour. Dry CH,CI, (40 mL) was added to the reaction until no more white
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precipitates crashed out. The reaction mixture was then filtered through a pad of celite and
concentrated by rotary evaporation to yield the imine. Ethynyl magnesium bromide (6.6 mL, 3.3
mmol, 3.0 equiv) was cooled at 0 °C for at least 15 min before use. Dry THF (2.2 mL) was added
to the imine to make a 0.5 M solution. The imine solution was transferred to the cooled ethynyl
magnesium bromide via cannula transfer. An extra 1 mL of dry THF was used to ensure
quantitative transfer. The reaction was stirred at 0 °C for 60 minutes until complete consumption
of the starting material was observed by TLC (CH,Cl;:hexanes = 1/1, KMnQ, stain). The
reaction was quenched by the addition of 20 mL of saturated NH4CI solution. The mixture was
transferred to a separatory funnel, and the organic layer was extracted three times with EtOACc
and washed once with saturated NH4Cl solution and once with brine, then dried over Na,SO, and
concentrated by rotary evaporation to yield the diastereomeric mixture. The product was purified
by column chromatography (carried out using a gradient method with an initial starting mobile
phase consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 1:0 in 10%
increments; 1% Et,O was added to improve separation among diastereomers; KMnQO, stain) to
give the all-syn 8a as the major diastereomer (0.314 g, 0.771 mmol, 70%). The product is a white
solid. *H NMR (500 MHz, CDCls) & 5.35 (bs, 1H), 4.63 (t, J = 12.2 Hz, 1H), 4.43 (ddd, J = 48.4,
10.5, 2.1 Hz, 1H), 4.22 (dd, J = 4.9, 1.8 Hz, 1H), 4.17 (dt, J = 12.8, 3.4 Hz, 1H), 2.78 (s, 1H),
2.74 (ddt, J = 16.0, 11.6, 2.5 Hz, 1H), 1.99 — 1.87 (m, 1H), 1.82 (dt, J = 15.9, 4.1 Hz, 1.5 H),
1.78 — 1.70 (m, 0.5H), 1.63 — 1.52 (m, 1H), 1.42 — 1.26 (m, 5H), 0.93 — 0.86 (m, 12H), 0.10 (s,
6H). 1*C NMR (126 MHz, CDCls) § 95.9 (d, J = 188.9 Hz), 80.8 (d, J = 1.4 Hz), 76.3 (d, J = 6.0
Hz), 73.8, 64.3, 60.9 (d, J = 18.9 Hz), 34.5, 31.6, 30.6 (d, J = 21.3 Hz), 25.9, 25.0 (d, J = 3.2

Hz), 22.6, 18.1, 14.1, -4.1, -4.9 (d, J = 2.2 Hz).**F NMR (471 MHz, CDCl5) & -191.34 (ddd, J =
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48.8, 41.5, 13.5 Hz). HRMS (ESI) m/z calculated for CigHasFNOLSSi [M + NH,*] 425.2300,

found 425.2299.

F oTBS
Compound 9a. A 0.351 g (0.965 mmol, 1.0 equiv) portion of the enesulfamate 5 was added to a
25 mL round-bottom flask, followed by sequential addition of Selectfluor (0.513g, 1.44 mmol,
1.5 equiv) and 4 A MS (0.513 g). A portion of CH3NO, (9.6 mL) was added to make a 0.1 M
solution and the reaction mixture was stirred at 80 °C for 1 hour. Dry CH,Cl;, (40 mL) was added
until no more white precipitates crashed out. The reaction mixture was then filtered through a
pad of celite and concentrated by rotary evaporation to yield the crude imine. Vinyl magnesium
bromide (2.9 mL, 2.89 mmol, 3.0 equiv) was cooled at -78 °C for at least 15 minutes before use.
Dry THF (1.9 mL) was added to the imine to make a 0.5 M solution and then transferred to the
cooled vinyl magnesium bromide solution via cannula transfer. The reaction mixture was stirred
at -78 °C for 30 minutes until complete consumption of the starting material was observed by
TLC (CHCly:hexanes = 1:1, KMnQ, stain). A saturated NH4CI solution (20 mL) was added to
qguench the reaction, the mixture transferred to a separatory funnel, and the organic layer
extracted three times with EtOAc. The combined organics were washed once with brine, dried
over Na,SO, and concentrated by rotary evaporation to yield the crude product as a
diastereomeric mixture, which was purified by column chromatography (carried out using a
gradient method with an initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a

gradual increase to a ratio of 1:0 in 10% increments; 1% Et,O was added to improve separation
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among diastereomers; KMnO, stain) to give the all- syn 9a as the major diastereomer (0.244 g,
0.597 mmol, 61%) as a white solid. 'H NMR (500 MHz, CDCl3) 6 6.18 (dd, J = 18.0, 11.4 Hz,
1H), 5.43 (d, J = 11.5 Hz, 1H), 5.30 (d, J = 18.0 Hz, 1H), 5.16 (bs, 1H), 4.64 (dd, J = 48.0, 11.1
Hz, 1H), 452 (dd, J = 12.5, 9.1 Hz, 1H), 4.32 (d, J = 6.4 Hz, 1H), 4.13 (ddd, J = 12.7, 6.8, 2.4
Hz, 1H), 2.31 (dd, J = 13.4, 9.2 Hz, 1H), 2.11 (dt, J = 14.8, 6.6 Hz, 1H), 1.70 — 1.43 (m, 3H),
1.35 — 1.21 (m, 5H), 0.93 (s, 9H), 0.88 (t, J = 6.8 Hz, 3H), 0.11 (s, 3H), 0.11 (s, 3H)."*C NMR
(126 MHz, CDCl3)  134.1 (d, J = 4.4 Hz), 118.2, 96.2 (d, J = 185.3 Hz), 74.5, 66.3 (d, J = 16.2
Hz), 65.9, 34.6 (d, J = 3.5 Hz), 31.6, 29.9 (d, J = 21.8 Hz), 26.0, 25.2 (d, J = 3.4 Hz), 22.6, 18.1,
14.1, -3.9, -4.8 (d, J = 1.5 Hz)."*F NMR (471 MHz, CDCls) & -191.22 (td, J = 46.2, 13.2 Hz).

HRMS (ESI) m/z calculated for C1gH3sFNO4SSi [M + H'] 410.2191, found 410.2187.

F oOTBS

Compound 10a. The enesulfamate 5 (0.150 g, 0.413 mmol, 1.0 equiv) was added to a 10 mL
round bottom flask, followed by addition of Selectfluor (0.219 g, 0.618 mmol, 1.5 equiv) and 4
A MS (0.219 g). CH3NO; (4.1 mL) was added to make a 0.1 M solution and the reaction mixture
was stirred at 80 °C for 1 hour. Dry CH,Cl, (20 mL) was added until no more white precipitate
was observed to crash out. The resulting mixture was then filtered through a pad of celite and
concentrated by rotary evaporation to yield the crude imine. Dry CH3CN (4.1 mL) was added to
the imine to make a 0.1 M solution, followed by addition of BuyNCN (0.223 g, 0.834 mmol, 2.0
equiv). The reaction was stirred at room temperature for 2.6 hour until complete consumption of
the starting material was observed by TLC (EtOAc/hexanes = 1/1, KMnQy, stain). The mixture

was transferred to a separatory funnel; five times the volume of CH,CI, was added. The organic
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layer was washed once with NaHCO3, once with saturated NH,ClI, twice with brine, then dried
over Na,SO,4 and concentrated by rotary evaporation to yield the product as a mixture of
diastereomers. The product was purified by column chromatography (carried out using a gradient
method with an initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a gradual
increase to a ratio of 1:0 in 10% increments; 1% Et,O was added to improve separation among
diastereomers; KMnOy stain) to give the all-syn 10a as the major diastereomer (67.2 mg, 0.165
mmol, 40%) as a white solid. *H NMR (500 MHz, CDCls) & 5.33 (bs, 1H), 4.83 (ddd, J = 47.0,
10.7, 2.2 Hz, 1H), 4.56 (dd, J = 7.0, 1.7 Hz, 1H), 4.51 (ddd, J = 12.6, 8.5, 2.0 Hz, 1H), 4.29 (ddd,
J=12.6, 6.9, 2.5 Hz, 1H), 2.38 (ddt, J = 16.3, 8.5, 2.2 Hz, 1H), 2.26 (dtd, J = 16.2, 7.0, 1.9 Hz,
1H), 2.00 — 1.90 (m, 1H), 1.82 (ddddd, J = 41.3, 14.4, 10.2, 5.9, 2.2 Hz, 1H), 1.68 — 1.57 (m,
1H), 1.48 — 1.39 (m, 1H), 1.38 — 1.30 (m, 4H), 0.94 — 0.88 (m, 12H), 0.17 (s, 3H), 0.15 (s, 3H).
3C NMR (126 MHz, CDCl3) & 115.5 (d, J = 6.5 Hz), 92.9 (d, J = 189.6 Hz), 73.9, 66.3, 61.0 (d,
J =20.4 Hz), 35.4 (d, J = 3.1 Hz), 31.3, 30.9 (d, J = 21.1 Hz), 25.8, 24.9 (d, J = 3.0 Hz), 22.5,
18.1, 14.0, -4.2, -4.9. **F NMR (471 MHz, CDCl3) & -192.49 (ddd, J = 47.3, 41.5, 14.5 Hz).

HRMS (ESI) m/z calculated for C17H33FN204SSi [M + NH;"] 426.2253, found 426.2245.

N

HN

F oTBS

Compound 11a. To a flame-dried, round bottom flask equipped with a stir bar was added the
corresponding enesulfamate (102 mg, 0.305 mmol, 1.0 equiv), Selectfluor (160 mg, 0.452 mmol,
1.5 equiv) and 4 A MS (165 mg). Dry CH3NO; (3 mL) was added to prepare a 0.1 M solution.

The mixture was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad
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of celite and the filtrate concentrated by rotary evaporation. A 3 mL portion of dry CH;CN
(CH3CN:CH3NO; = 1:1 v/v) was added to the crude imine, and the reaction mixture was cooled
to 0 °C. 3 mL of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask, followed by
addition of Mes;N(OAC)3BH (237 mg, 0.900 mmol, 3.0 equiv). The reaction mxiture was warmed
up to room temperature and stirred overnight. The reaction mixture was then transferred to a
separatory funnel containing CH,Cl, and washed three times with saturated NaHCO3 solution.
The aqueous layer was extracted three times with CH,Cl,. The combined organic layers were
washed once with brine, dried over Na,SO,4, and concentrated by rotary evaporation to yield the
diastereomeric mixture. The crude product was purified by silica gel chromatography (carried
out using a gradient method with an initial starting mobile phase consisting of 0:1
EtOAc:hexanes, with a gradual increase to a ratio of 2:3 in 8% increments; 1% Et,O was added
to improve separation among diastereomers; KMnO, stain) to give the all-syn product 11a (20.9
mg, 0.0588 mmol, 19%) as the major diastereomer. The product was a white solid. *H NMR
(500 MHz, CDCls) & 5.41 (d, J = 10.8 Hz, 1H), 4.64 (t, J = 12.4 Hz, 1H), 4.20 (dd, J = 4.1, 2.3
Hz, 1H), 4.15 (dt, J = 12.8, 3.2 Hz, 1H), 4.04 (ddd, J = 47.3, 8.2, 2.3 Hz, 1H), 3.50 (ddd, J = 26.2,
10.8, 2.3 Hz, 1H), 2.19 — 2.06 (m, 2H), 1.85 (dt, J = 15.4, 3.8 Hz, 1H), 1.01 (dd, J = 6.7, 1.5 Hz,
3H), 0.97 (d, J = 6.7 Hz, 3H), 0.91 (s, 9H), 0.10 (d, J = 1.4 Hz, 3H), 0.09 (s, 3H). *C NMR (126
MHz, CDCl3) § 99.5 (d, J = 182.8 Hz), 70.1, 64.3, 55.7 (d, J = 17.5 Hz), 37.6, 29.7 (d, J = 19.9
Hz), 25.9, 18.4 (d, J = 7.5 Hz), 18.1, 17.8 (d, J = 6.2 Hz), -4.3, -4.9 (d, J = 3.2 Hz). F NMR
(471 MHz, CDCI3) 6 -196.82 (ddd, J = 47.5, 26.4, 11.9 Hz). HRMS (ESI) m/z calculated for

C14H30FNO4SSi [M-H] 354.1576, found 354.1577.

S-24



N

HN
Ph

F oTBs
Compound 12a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 12 (398 mg, 1.00 mmol, 1.0 equiv), Selectfluor (531 mg, 1.50 mmol, 1.5 equiv),
and 4 A MS (531 mg). Dry CH3NO; (10 mL) was added to prepare a 0.1 M solution. The
mixture was stirred at 80 °C for 1.5 hour. The reaction mixture was then filtered through a pad of
celite, and the filtrate concentrated by rotary evaporation. A 10 mL portion of dry CH3;CN
(CH3CN:CH3NO; = 1:1 v/v) was added to the crude imine, and the reaction mixture was cooled
to 0 °C. A 10 mL portion of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask,
followed by addition of Me;N(OAc)3;BH (790 mg, 3.00 mmol, 3.0 equiv). The reaction mixture
was warmed to room temperature and stirred overnight. The reaction mixture was transferred to
a separatory funnel containing CH,Cl, and washed three times with saturated NaHCO3 solution.
The aqueous layer was extracted three times with CH,Cl,. The combined organic layers were
washed once with brine, dried over Na,SO,, and concentrated by rotary evaporation to yield the
diastereomeric mixture. The crude product was purified by silica gel chromatography (carried
out using a gradient method with an initial starting mobile phase consisting of 0:1 Et,O:hexanes,
with a gradual increase to a ratio of 3:7 in 6% increments; KMnQ, stain) to yield 283 mg of the
all-syn stereotriad 12a (0.678 mmol, 68%) as a white solid. *H NMR (500 MHz, CDCls) & 7.27 (t,
J =76 Hz, 2H), 7.21 — 7.16 (m, 3H), 5.48 (d, J = 10.7 Hz, 1H), 4.59 (t, J = 12.5 Hz, 1H), 4.43
(ddt, J = 48.3, 9.1, 3.3 Hz, 1H), 4.17 (m, 1H), 4.10 (dt, J = 12.8, 2.8 Hz, 1H), 3.34 (ddd, J = 23.7,
10.6, 2.6 Hz, 1H), 2.79 (ddd, J = 14.0, 9.1, 5.1 Hz, 1H), 2.74 — 2.64 (m, 1H), 2.19 (ttd, J = 13.7,

9.1, 5.0 Hz, 1H), 2.11 — 2.02 (m, 1H), 1.93 — 1.75 (m, 2H), 0.89 (s, 9H), 0.06 (s, 3H), 0.05 (s,
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3H). **C NMR (126 MHz, CDCls) & 140.7, 128.6, 128.5, 126.2, 93.1 (d, J = 179.6 Hz), 69.1,
64.3,58.0 (d, J = 17.7 Hz), 37.2, 33.9 (d, J = 21.2 Hz), 30.8 (d, J = 5.1 Hz), 25.8, 17.9, -4.4, -5.1
(d, J = 2.7 Hz). *F NMR (471 MHz, CDCl3) § -195.08 (dddd, J = 46.8, 33.2, 24.1, 12.8 Hz).

HRMS (ESI) m/z calculated for C19H3,FNO,SSi [M+H]" 418.1878, found 418.1873.

N

/S~
AN O

F oTBS
Compound 13a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 13 (48.9 mg, 0.141 mmol, 1.0 equiv), Selectfluor (78.0 mg, 0.220 mmol, 1.6 equiv),
and 4 A MS (80.0 mg). Dry CH3sNO, (1.5 mL) was added to prepare a 0.1 M solution. The
mixture was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad of
celite, and the filtrate concentrated by rotary evaporation. A 1.5 mL portion of dry CH;CN
(CH3CN:CH3NO; = 1:1 v/v) was added to the crude imine and the reaction mixture was cooled
to 0 °C. A 1.5 mL portion of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask,
followed by addition of MesN(OAc)3BH (119 mg, 0.453 mmol, 3.2 equiv). The reaction mixture
was warmed to room temperature and stirred overnight. The reaction mixture was transferred to
a separatory funnel containing CH,Cl, and washed three times with saturated NaHCOj3 solution.
The aqueous layer was extracted three times with CH,Cl,. The combined organic layers were
washed once with brine, dried over Na,SO4, and concentrated by rotary evaporation to yield the
diastereomeric mixture. The crude product was purified by silica gel chromatography (carried
out using a gradient method with an initial starting mobile phase consisting of 0:1

CHyCl,:hexanes, with a gradual increase to a ratio of 7:3 in 10% increments; 1% Et,O was added
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to improve separation among diastereomers; KMnQO, stain) to yield 29.8 mg of the all-syn
stereotriad 13a (0.0811 mmol, 58%) as a white solid.*H NMR (500 MHz, CDCls) & 5.79 (ddt, J
=17.0, 10.0, 6.7 Hz, 1H), 5.45 (d, J = 10.7 Hz, 1H), 5.07 (dd, J = 17.2, 1.8 Hz, 1H), 5.02 (d, J =
10.2 Hz, 1H), 4.63 (t, J = 12.5 Hz, 1H), 4.58 — 4.40 (m, 1H), 4.24 (t, J = 2.8 Hz, 1H), 4.16 (dt, J
= 13.0, 3.3 Hz, 1H), 3.36 (ddd, J = 24.4, 10.7, 2.6 Hz, 1H), 2.28 — 2.08 (m, 3H), 1.99 (ttd, J =
14.3, 8.6, 5.9 Hz, 1H), 1.86 (dt, J = 15.5, 3.7 Hz, 1H), 1.76 — 1.61 (m, 1H), 0.91 (s, 9H), 0.10 (s,
3H), 0.09 (s, 3H). *C NMR (126 MHz, CDCl3) § 137.1, 116.0, 93.7 (d, J = 179.6 Hz), 69.4, 64.3,
58.0 (d, J = 18.0 Hz), 37.5, 31.4 (d, J = 21.3 Hz), 29.0 (d, J = 5.3 Hz), 25.9, 18.1, -4.2, -4.9 (d, J
= 2.9 Hz). F NMR (471 MHz, CDCls) & -194.62 (dddd, J = 46.7, 31.8, 24.1, 13.3 Hz). HRMS

(ESI) m/z calculated for C15H30FNO4SSi [M-H] 366.1576, found 366.1575.

o 0O

N

.S~
AN Q

TBDPSO(H,C),

F OTBS
Compound 14a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 14 (78.6 mg, 0.130 mmol, 1.0 equiv), Selectfluor (69.7 mg, 0.197 mmol, 1.5 equiv),
and 4 A MS (69.5 mg). Dry CH3sNO, (1.3 mL) was added to prepare a 0.1 M solution. The
mixture was stirred at 80 °C for 1.5 hour. The reaction mixture was filtered through a pad of
celite and the filtrate concentrated by rotary evaporation. A 1.3 mL portion of dry CH3;CN
(CH3CN:CH3NO, = 1:1 v/v) was added to the crude imine and the reaction mixture was cooled
to 0 °C. A 1.3 mL portion of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask,
followed by addition of MesN(OAc)3;BH (105 mg, 0.403 mmol, 3.1 equiv). The reaction mixture

was warmed up to room temperature and stirred for 15 hours. The reaction mixture was then
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transferred to a separatory funnel containing CH,Cl, and washed three times with saturated
NaHCOg; solution. The aqueous layer was extracted three times with CH,Cl,. The combined
organic layers were washed once with brine, dried over Na,SO,, and concentrated by rotary
evaporation to yield the diastereomeric mixture. The crude product was purified by silica gel
chromatography (carried out using a gradient method with an initial starting mobile phase
consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 2:3 in 8% increments; 1%
Et,O was added to improve separation among diastereomers; KMnQy, stain) to yield 54.4 mg of
the all-syn stereotriad 14a (0.0892 mmol, 69%) as a white solid. *H NMR (500 MHz, CDCls) &
7.69 — 7.64 (m, 4H), 7.45 — 7.36 (m, 6H), 5.43 (d, J = 10.8 Hz, 1H), 4.63 (t, J = 12.4 Hz, 1H),
4.44 (ddt, J = 47.8, 8.9, 3.3 Hz, 1H), 4.25 — 4.20 (m, 1H), 4.15 (dt, J = 13.0, 3.3 Hz, 1H), 3.67 (t,
J = 6.0 Hz, 2H), 3.33 (ddd, J = 23.9, 10.8, 2.7 Hz, 1H), 2.11 (ddt, J = 14.9, 12.1, 2.7 Hz, 1H),
1.90 — 1.80 (m, 2H), 1.65 — 1.50 (m, 4H), 1.50 — 1.40 (m, 1H), 1.05 (s, 9H), 0.91 (s, 9H), 0.10 (s,
6H). *C NMR (126 MHz, CDCls) & 135.5, 134.1, 134.1, 129.5, 127.6, 94.2 (d, J = 179.5 Hz),
69.2, 64.3, 63.7, 57.9 (d, J = 18.1 Hz), 37.3, 32.1, 31.7 (d, J = 21.1 Hz), 26.9, 25.8, 21.2 (d, J =
4.9 Hz), 19.2, 17.9, -4.4, -5.0 (d, J = 2.8 Hz). *F NMR (471 MHz, CDCls)  -193.44 — -193.75

(m). HRMS (ESI) m/z calculated for C3;HsoFNOsSSi, [M+NH,4]* 641.3271, found 641.3270.

o ©O

N

/S~
HNT Q

Me

FoTBS
Compound 15a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 15 (102 mg, 0.325 mmol, 1.0 equiv), Selectfluor (177 mg, 0.498 mmol, 1.5 equiv),

and 4 A MS (177 mg). Dry CH3NO; (3.3 mL) was added to prepare a 0.1 M solution. The
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mixture was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad of
celite, and the filtrate concentrated by rotary evaporation. 3.3 mL of dry CH3;CN
(CH3CN:CH3NO; = 1:1 v/v) was added to the crude imine, and the reaction mixture was cooled
to 0 °C. A 3.3 mL portion of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask,
followed by addition of Me;sN(OAc)3;BH (266 mg, 1.01 mmol, 3.1 equiv). The reaction mixture
was warmed up to room temperature and stirred for 4.5 hours. The reaction mixture was then
transferred to a separatory funnel containing CH,Cl, and washed three times with saturated
NaHCOg; solution. The aqueous layer was extracted three times with CH,Cl,. The combined
organic layers were washed once with brine, dried over Na;SO4, and concentrated by rotary
evaporation to yield the diastereomeric mixture. The crude product was purified by silica gel
chromatography (carried out using a gradient method with an initial starting mobile phase
consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 2:3 in 8% increments; 1%
Et,O was added to improve separation among diastereomers; KMnO, stain) to yield 73.9 mg of
the all-syn stereotriad 15a (0.226 mmol, 69%) as a white solid. *H NMR (500 MHz, CDCls) &
5.44 (d, J = 10.7 Hz, 1H), 4.66 (dqd, J = 47.6, 6.3, 3.0 Hz, 1H), 4.64 (t, 1H), 4.25 (dd, J = 3.5,
2.4 Hz, 1H), 4.16 (dt, J = 13.0, 3.3 Hz, 1H), 3.31 (ddd, J = 22.9, 10.8, 3.0 Hz, 1H), 2.13 (ddt, J =
15.4, 12.1, 2.8 Hz, 1H), 1.86 (dt, J = 15.6, 3.7 Hz, 1H), 1.43 (dd, J = 23.9, 6.3 Hz, 3H), 0.91 (s,
9H), 0.10 (s, 3H), 0.10 (s, 3H). **C NMR (126 MHz, CDCl3) § 90.9 (d, J = 176.8 Hz), 69.3 (d, J
=1.6 Hz), 64.5,59.4 (d, J =18.1 Hz), 37.7, 26.1, 18.5 (d, J = 23.0 Hz), 18.3,-4.0,-4.8 (d, J = 2.7
Hz). *F NMR (471 MHz, CDCl3) 5 -186.11 (dp, J = 47.4, 23.7 Hz). HRMS (ESI) m/z calculated

for C1,H26FNO,4SSi [M+H]" 328.1409, found 328.1405.
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Compound 16a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 16 (34.3 mg, 0.107 mmol, 1.0 equiv), Selectfluor (57.4 mg, 0.162 mmol, 1.5 equiv),
and 4 A MS (56.0 mg). Dry CH3sNO, (1 mL) was added to prepare a 0.1 M solution. The mixture
was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad of celite,
and the filtrate concentrated by rotary evaporation. A 1 mL portion of dry CH3;CN
(CH3CN:CH3NO; = 1:1 v/v) was added to the crude imine and the reaction mixture cooled to 0
°C. A1 mL portion of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask, followed
by addition of MesN(OACc)sBH (266 mg, 1.01 mmol, 3.1 equiv). The reaction mixture was
warmed to room temperature and stirred for 7 hours. The reaction mixture was transferred to a
separatory funnel containing CH,Cl, and washed three times with saturated NaHCO3 solution.
The aqueous layer was extracted three times with CH,Cl,. The combined organic layers were
washed once with brine, dried over Na,SO,, and concentrated by rotary evaporation to yield the
diastereomeric mixture. The crude product was purified by silica gel chromatography (carried
out using a gradient method with an initial starting mobile phase consisting of 0:1
CHCl,:hexanes, with a gradual increase to a ratio of 1:4 in 4% increments; 1% Et,O was added
to improve separation among diastereomers; KMnQ, stain) to yield 20.3 mg 16a (0.059 mmol,
56%) as a white solid. *H NMR (500 MHz, CDCls) § 5.56 (d, J = 10.6 Hz, 1H), 4.62 (t, J = 12.6
Hz, 1H), 4.58 — 4.54 (m, 1H), 4.17 (dt, J = 13.0, 3.2 Hz, 1H), 3.29 (dd, J = 14.0, 10.6 Hz, 1H),
2.08 (ddt, J = 15.0, 12.1, 2.6 Hz, 1H), 1.90 (dt, J = 15.6, 3.8 Hz, 1H), 1.46 (d, J = 21.5 Hz, 3H),

1.40 (d, J = 21.7 Hz, 3H), 0.92 (s, 9H), 0.14 (s, 3H), 0.12 (s, 3H). *C NMR (126 MHz, CDCls) 5
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95.4 (d, J = 173.4 Hz), 65.5 (d, J = 2.9 Hz), 64.4, 61.9 (d, J = 26.6 Hz), 37.5, 26.1, 26.0 (d, J =
23.5 Hz), 23.7 (d, J = 24.3 Hz), 18.2, -3.5, -4.5 (d, J = 1.7 Hz). °F NMR (471 MHz, CDCls) § -

148.5 — -148.9 (m). HRMS (ESI) m/z calculated for C13H,sFNO4SSi [M+NH,4]" 359.1831, found

359.1829.
O\\s'(’)
X3, HN' Q
Me._
Me'
F OTBS

Compound 16b. The enesulfamate 16 (0.150 g, 0.467 mmol, 1.0 equiv) was added to a 10 mL
round bottom flask, followed by addition of Selectfluor (0.252 g, 0.711 mmol, 1.5 equiv) and
0.261 g 4 A MS. Distilled CH3NO, (4.7 mL) was added to make a 0.1 M solution. The reaction
was stirred at 80 °C for 1.5 hour. After 1.5 hour, dry CH,Cl, (40 mL) was added to the reaction
until no more white precipitates crashed out. The reaction mixture was filtered through a pad of
celite and concentrated by rotary evaporation to yield the imine. A 0.5 M solution of ethynyl
magnesium bromide in THF (3.0 mL, 1.50 mmol, 3.2 equiv) was cooled at 0 °C for at least 15
minutes before use. Dry THF (0.9 mL) was added to the imine to make a 0.5 M solution. The
imine solution was then transferred to the cooled ethynyl magnesium bromide. Another 2.1 mL
of THF was used to ensure quantitative transfer. The reaction was stirred at 0 °C for 60 minutes.
The reaction was quenched by addition of saturated NH,4CI solution. The mixture was transferred
to a separatory funnel, and the organic layer was extracted three times with EtOAc and washed
once with saturated NH4Cl solution and once with brine, then dried over Na,SO, and
concentrated by rotary evaporation to yield the diastereomeric mixture. The product was purified
by column chromatography (carried out using a gradient method with an initial starting mobile

phase consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 7:3 in 14%
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increments; KMnQ, stain) to give 16b as the major diastereomer (0.0891g, 0.244 mmol, 52%),
as a white solid. *H NMR (500 MHz, CDCl3) & 5.62 (bs, 1H), 4.71 (t, J = 12.5 Hz, 1H), 4.54 (dd,
J=4.6, 1.7 Hz, 1H), 4.16 (dt, J = 12.9, 3.2 Hz, 1H), 2.82 (dddd, J = 15.6, 12.1, 2.9, 1.8 Hz, 1H),
2.77 (s, 1H), 1.78 (dt, J = 15.9, 4.1 Hz, 1H), 1.65 (d, J = 22.0 Hz, 3H), 1.57 (d, J = 20.7 Hz, 3H),
0.91 (s, 9H), 0.13 (d, J = 1.2 Hz, 3H), 0.11 (s, 3H). *C NMR (126 MHz, CDCl3) § 99.2 (d, J =
186.8 Hz), 80.8 (d, J = 2.1 Hz), 77.5 (d, J = 8.0 Hz), 70.8, 64.0, 62.6 (d, J = 21.6 Hz), 34.8, 25.9
(d, J = 1.2 Hz), 24.8 (d, J = 24.1 Hz), 23.0 (d, J = 23.7 Hz), 18.2, -3.6, -4.3 (d, J = 2.4 Hz). °F
NMR (471 MHz, CDCl3) & -152.30 (hept, J = 21.0 Hz). HRMS (ESI) m/z calculated for

C1sH2sFNO,SSi [M+Na]* 388.1385, found 388.1382.

/1
/,
/4]

Compound 16c¢. The enesulfamate 16 (31.7 mg, 0.0986 mmol, 1.0 equiv) was added to a 10 mL
round bottom flask, followed by addition of Selectfluor (62.3 mg, 0.176 mmol, 1.8 equiv) and 4
A MS (58.7 mg). Dry CH3CN (1.0 mL) was added to make a 0.1 M solution and the reaction
mixture was stirred at 40 °C for 1 day. After 1 day, BusNCN (84.0 mg, 0.313 mmol, 3.2 equiv)
was added to the reaction mixture. The color of the solution turned reddish-brown upon addition
of BusNCN. The reaction was stirred at room temperature for 3 hours. The mixture was
transferred to a separatory funnel and CH,Cl, added to dilute the reaction mixture, followed by
the addition of an equal volume of water. The aqueous layer was extracted three times with
CHCl,, the combined organic layers were washed once with brine, dried over Na,SO, and

concentrated by rotary evaporation to yield the product as a mixture of diastereomers. The
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product was purified by column chromatography (carried out using a gradient method with an
initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a gradual increased to a ratio
of 7:3 in 14% increments; KMnO, stain) to give 16c¢ as the major diastereomer (32.2 mg, 0.0879
mmol, 89%) as a white solid. *"H NMR (400 MHz, CDCls) & 5.65 (bs, 1H), 4.78 — 4.66 (m, 2H),
4.28 (dt, J = 13.0, 3.3 Hz, 1H), 2.72 (ddt, J = 16.5, 11.8, 2.5 Hz, 1H), 1.97 (dt, J = 15.7, 4.0 Hz,
1H), 1.69 (d, J = 21.9 Hz, 3H), 1.66 (d, J = 20.7 Hz, 3H), 0.92 (s, 9H), 0.17 — 0.13 (m, 6H). *C
NMR (101 MHz, CDCl5) & 114.9 (d, J = 7.1 Hz), 97.8 (d, J = 189.8 Hz), 69.4, 64.2, 62.7 (d, J =
24.0 Hz), 35.3, 25.9 (d, J = 1.0 Hz), 24.6 (d, J = 23.8 Hz), 23.4 (d, J = 23.5 Hz), 18.1, -3.6, -4.4
(d, J = 2.3 Hz). "*F NMR (376 MHz, CDCls) & -151.62 (dt, J = 40.3, 18.7 Hz). HRMS (ESI) m/z

calculated for C14H27FN204SSi [M+NH,]" 384.1783, found 384.1784.

o\\S,,O
=0
HN
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Compound 17a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 17 (0.131 g, 0.391 mmol, 1.0 equiv), followed by the addition of Selectfluor (0.214
g, 0.605 mmol, 1.5 equiv) and 4 A MS (0.202 g). Dry CHsCN (3.9 mL) was added to prepare a
0.1 M solution. The mixture was stirred at 40 °C for 1 day. The reaction mixture was then filtered
through a pad of celite, and the filtrate concentrated by rotary evaporation. A 3.9 mL portion of
dry CH3CN was added to the crude imine and the reaction mixture was cooled to 0°C. A 3.9 mL
portion of glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask, followed by addition
of Me4sN(OACc);BH (0.303 g, 1.15 mmol, 2.9 equiv). The reaction mixture was warmed to room
temperature and stirred for 2.75 hours. The reaction mixture was transferred to a separatory

funnel containing CH,ClI, and washed three times with saturated NaHCOj3 solution. The aqueous
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layer was extracted three times with CH,Cl,. The combined organic layers were washed once
with brine, dried over Na,SO,4 and concentrated by rotary evaporation to yield the diastereomeric
product mixture. The crude product was purified by silica gel chromatography (carried out using
a gradient method with an initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a
gradual increase to a ratio of 3:1 in 15% increments; KMnO, stain) to furnish 37.7 mg 17a
(0.106 mmol, 27%) as a white solid. *"H NMR (500 MHz, CDCls) & 5.55 (d, J = 10.6 Hz, 1H),
4.63 (t, J = 12.5 Hz, 1H), 4.54 (dd, J = 4.2, 2.1 Hz, 1H), 4.16 (dt, J = 12.9, 3.3 Hz, 1H), 3.29 (dd,
J=18.6,10.7 Hz, 1H), 2.08 (ddt, J = 15.4, 12.1, 2.9 Hz, 1H), 1.95 — 1.85 (m, 2H), 1.67 (ddq, J =
27.0, 15.1, 7.5 Hz, 1H), 1.38 (d, J = 21.4 Hz, 3H), 0.95 (t, J = 7.5 Hz, 3H), 0.91 (s, 9H), 0.12 (s,
3H), 0.11 (s, 3H). *C NMR (126 MHz, CDCls) & 97.5 (d, J = 176.8 Hz), 65.7 (d, J = 2.3 Hz),
64.3, 61.0 (d, J = 24.2 Hz), 37.6, 29.1 (d, J = 23.4 Hz), 26.0, 21.6 (d, J = 24.1 Hz), 18.2, 7.6 (d, J
= 7.3 Hz), -3.6, -4.5 (d, J = 2.1 Hz). *F NMR (471 MHz, CDCl5) § -157.99 (dpd, J = 31.3, 21.4,

20.7, 10.1 Hz). HRMS (ESI) m/z calculated for Ci4H3FNO4SSi [M-H] 354.1576, found

354.1578.
O\\S//O O\\S//O
X3, HN 0 3, HN
Me._ Et ~
Et™] Me"
F OTBS F OTBS

Compound 17b. The enesulfamate 17 (0.120 g, 0.358 mmol, 1.0 equiv) was added to a 10 mL
round bottom flask, followed by addition of Selectfluor (0.194 g, 0.548 mmol, 1.5 equiv) and 4
A MS (0.196 g). Dry CH3NO; (3.6 mL) was added to make a 0.1 M solution and the reaction
mixture was stirred at 80 °C for 1.5 hour. CH,Cl, was added to the reaction until no more white
precipitates crashed out. The reaction mixture was then filtered through a pad of celite and
concentrated by rotary evaporation to yield the imine. A 0.5 M solution of ethynyl magnesium
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bromide solution in THF (3.2 mL, 1.60 mmol, 4.5 equiv) was cooled at 0 °C for at least 15
minutes before use. Dry THF (0.7 mL) was added to the imine to make a 0.5 M solution. The
imine solution was then transferred to the cooled ethynyl magnesium bromide. Another 2.0 mL
of THF was used to ensure quantitative transfer. The reaction was stirred at 0 °C for 60 minutes.
The reaction was quenched by addition of saturated NH,4Cl solution. The mixture was transferred
to a separatory funnel, and the organic layer was extracted three times with EtOAc and washed
once with brine, then dried over Na,SO4 and concentrated by rotary evaporation to yield the
diastereomeric mixture. The product was purified by column chromatography (carried out using
a gradient method with an initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a
gradual increase to a ratio of 17:3 in 14% increments; KMnQO, stain) to give an inseparable
mixture of diastereomers (38.4 mg, 0.101 mmol, 28%) with 17b as the major diastereomer. The
dr of the product oil is 4:1. *H NMR (500 MHz, CDCl3) & 5.64 (bs, 0.20H), 5.59 (bs, 0.80H),
470 (t, J = 12.5 Hz, 1H), 4.56 (dd, J = 4.6, 1.8 Hz, 1H), 4.15 (dt, J = 12.9, 3.3 Hz, 1H), 2.83
(dddd, J = 15.8, 12.1, 2.9, 1.8 Hz, 0.92H), 2.78 (q, J = 1.8 Hz, 0.08H), 2.76 (s, 1H), 2.35 (dp, J =
14.8, 7.6 Hz, 1H), 1.93 — 1.80 (m, 1H), 1.80 — 1.74 (m, 1H), 1.57 (d, J = 22.1 Hz, 0.6H), 1.47 (dd,
J=20.9, 0.8 Hz, 2.4H), 1.05 (t, J = 7.4 Hz, 0.6H), 0.97 (t, J = 7.5 Hz, 2.4H), 0.91 (s, 7.2H), 0.90
(s, 1.8H), 0.13 (d, J = 1.1 Hz, 2.4H), 0.11 (s, 3H), 0.10 (s, 0.6H). *C NMR (126 MHz, CDCl3)
Major diastereomer: 6 100.6 (d, J = 191.2 Hz), 81.1 (d, J = 2.1 Hz), 71.0, 64.0, 62.9 (d, J = 21.6
Hz), 34.7, 29.9, 28.6 (d, J = 22.7 Hz), 25.9 (d, J = 1.2 Hz), 18.7 (d, J = 24.1 Hz), 18.2, 7.4 (d, J =
6.6 Hz), -3.6, -4.3 (d, J = 2.4 Hz). Minor diastereomer: 101.2 (d, J = 189.6 Hz), 81.0 (d, J = 2.1
Hz), 70.5, 62.9 (d, J = 21.0 Hz), 34.8, 27.6 (d, J = 22.7 Hz), 25.9 (d, J = 1.1 Hz), 20.1 (d, J =

24.4 Hz), 18.1, 7.9 (d, J = 3.4 Hz), -3.7, -4.4 (d, J = 2.3 Hz)."*F NMR (471 MHz, CDCl5) & -

S-35



162.79 (h, J = 23.9 Hz), -166.16 — -166.42 (m). HRMS (ESI) m/z calculated for C16H30FNO4SSi

[M+Na]* 402.1541, found 402.1540.

o.Q o P
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Compound 17c. The enesulfamate 17 (30.6 mg, 0.0913 mmol, 1.0 equiv) was added to a 10 mL
round bottom flask, followed by addition of Selectfluor (50.0 mg, 0.141 mmol, 1.5 equiv) and 4
A MS (49.7 mg). Dry CH3CN (0.9 mL) was added to make a 0.1 M solution and the reaction
mixture was stirred at 40 °C for 1 day. After 1 day, BusNCN (80.0 mg, 0.298 mmol, 3.3 equiv)
was added to the reaction mixture. The color of the solution turned reddish-brown upon addition
of BusNCN. The reaction was stirred at room temperature for 3 hours. The mixture was
transferred to a separatory funnel, CH,Cl, was added to dilute the reaction mixture. Water (ca. 2
mL) was then added. The aqueous layer was extracted three times with CH,Cl,, the combined
organic layers washed once with brine, then dried over Na,SO4 and concentrated by rotary
evaporation to yield the product as a mixture of diastereomers. The product was purified by
column chromatography (carried out using a gradient method with an initial starting mobile
phase consisting of 0:1 CH,Cl,:hexanes, with a gradual increased to a ratio of 7:3 in 14%
increments; KMnQO, stain) to give 17c as the major diastereomer as an oil (26.0 mg, 0.0684
mmol, 75%) with a dr of 5:1. *H NMR (500 MHz, CDCls) & 5.66 (bs, 0.18H), 5.62 (bs, 0.82H),
4.75 - 4.66 (m, 2H), 4.27 (dt, J = 12.9, 3.2 Hz, 1H), 2.78 — 2.70 (m, 1H), 2.37 (dp, J = 14.8, 7.4
Hz, 1H), 1.95 (dt, J = 16.0, 4.0 Hz, 1H), 1.81 (ddq, J = 34.6, 14.8, 7.5 Hz, 1H), 1.63 (d, J = 22.0

Hz, 0.54H), 1.57 (d, J = 21.0 Hz, 2.46H), 1.10 (t, J = 7.4 Hz, 0.54H), 1.03 (t, J = 7.5 Hz, 2.46H),
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0.92 (s, 9H), 0.16 — 0.13 (m, 6H). Major diastereomer: *C NMR (126 MHz, CDCl5) & 114.9 (d,
J=7.6 Hz), 99.5 (d, J = 193.7 Hz), 69.6, 64.1, 62.9 (d, J = 24.1 Hz), 35.2, 28.7 (d, J = 22.6 Hz),
25.9 (d, J = 3.1 Hz), 19.1 (d, J = 23.9 Hz), 18.1, 7.3 (d, J = 6.3 Hz), -3.6, -4.4 (d, J = 2.4 H2).
Minor diastereomer: **C NMR (126 MHz, CDCls) & 114.9 (d, J = 6.8 Hz), 99.9 (d, J = 192.7 Hz),
69.2, 64.2, 62.9 (d, J = 24.1 Hz), 35.3, 28.3 (d, J = 22.8 Hz), 25.9, 20.1 (d, J = 24.0 Hz), 7.7 (d, J
= 3.6 Hz), -3.6, -4.4 (d, J = 2.3 Hz). *°*F NMR (471 MHz, CDCls) & -161.50 (m), -165.00 (m).

HRMS (ESI) m/z calculated for C15H29FN204SSi [M-H] 379.1529, found 379.1532.

o O

N\ /7

S~
AN Q

CsH14

F otesV®
Compound 18a. To a flame-dried, round bottom flask equipped with a stir bar was added the
enesulfamate 18 (96.2 mg, 0.255 mmol, 1.0 equiv), Selectfluor (0.148 g, 0.418 mmol, 1.6 equiv)
and 4 A MS (0.147 g). Dry CH3sNO, (2.6 mL) was added to prepare a 0.1 M solution. The
mixture was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad of
celite, and the filtrate concentrated by rotary evaporation. A 2.6 mL portion of dry CH3;CN was
added to the crude imine and the reaction mixture was cooled to 0 °C. A 2.6 mL portion of
glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask, followed by addition of
MesN(OAc)3BH (0.210 g, 0.797 mmol, 3.1 equiv). The reaction mxiture was warmed up to room
temperature and stirred for ca. 12 hours. The reaction mixture was transferred to a separatory
funnel containing CH,ClI, and washed three times with saturated NaHCOj3 solution. The aqueous
layer was extracted three times with CH,Cl,. The combined organic layers were washed once

with brine, dried over Na,SO,; and concentrated by rotary evaporation to yield the
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diastereomeric mixture. The crude product was purified by silica gel chromatography (carried
out using a gradient method with an initial starting mobile phase consisting of 0:1
CH,Cl,:hexanes, with a gradual increase to a ratio of 2:3 in 8% increments; 1% Et,O was added
to improve separation among diastereomers; KMnQO, stain) to yield 52.1 mg 18a (0.131 mmol,
51%) as a white solid. *H NMR (500 MHz, CDCls) & 5.37 (d, J = 10.6 Hz, 1H), 4.42 (dddd, J =
47.9, 8.4, 4.5, 2.8 Hz, 1H), 4.42 (dd, J = 12.7, 10.4 Hz, 1H), 4.04 — 3.97 (m, 1H), 3.81 (dd, J =
12.8, 1.6 Hz, 1H), 3.35 (ddd, J = 25.3, 10.6, 2.8 Hz, 1H), 2.17 (dqt, J = 9.7, 7.3, 2.3 Hz, 1H),
1.91 - 1.77 (m, 1H), 1.69 — 1.55 (m, 1H), 1.51 — 1.27 (m, 6H), 0.96 — 0.92 (m, 12H), 0.90 (t, J =
7.2, 3H), 0.11 (s, 3H), 0.11 (s, 3H). *C NMR (126 MHz, CDCls) § 94.2 (d, J = 179.3 Hz), 74.7
(d, J = 1.4 Hz), 68.7,59.2 (d, J = 17.4 Hz), 41.1, 32.4 (d, J = 21.2 Hz), 31.6, 26.4 (d, J = 0.9 Hz),
245 (d, J =5.2 Hz), 22.6, 18.7, 15.4, 14.1, -2.7, -4.2 (d, J = 7.1 Hz). *F NMR (471 MHz, CDCl3)
6 -190.67 (dtd, J = 45.6, 27.7, 14.4 Hz). HRMS (ESI) m/z calculated for C;7H3sFNO4SSi

[M+H]* 398.2191, found 398.2191.

o 0O

N

.S-
HN @

CsHyq /
F o oredte
Compound 19a. To a flame-dried, round bottom flask equipped with a stir bar was added the
corresponding enesulfamate (88.3 mg, 0.234 mmol, 1.0 equiv), Selectfluor (0.214 g, 0.605 mmol,
2.6 equiv) and 4 A MS (0.126 g). Dry CH3sNO, (2.4 mL) was added to prepare a 0.1 M solution.
The mixture was stirred at 80 °C for ca. 7 hours to ensure complete consumption of the starting
enesulfamate. The reaction mixture was filtered through a pad of celite and the filtrate

concentrated by rotary evaporation. A 2.4 mL portion of dry CH3CN was added to the crude
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imine, and the reaction mixture was cooled to 0 °C. A 2.4 mL portion of glacial AcOH
(AcOH:CH3CN = 1:1 v/v) was added to the flask, followed by addition of Me;N(OAc);BH
(0.198 g, 0.751 mmol, 3.2 equiv). The reaction mixture was warmed to room temperature and
stirred for 13 hours. The reaction mixture was then transferred to a separatory funnel containing
CH,CI, and washed three times with saturated NaHCO; solution. The aqueous layer was
extracted three times with CH,Cl,. The combined organic layers were washed once with brine,
dried over Na,SO,4, and concentrated by rotary evaporation to yield the diastereomeric mixture.
The crude product was purified by silica gel chromatography (carried out using a gradient
method with an initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a gradual
increase to a ratio of 3:7 in 6% increments; 1% Et,O was added to improve separation among
diastereomers; KMnOQj, stain) to yield 22.2 mg of 19a (0.0559 mmol, 24%) as a white solid. *H
NMR (500 MHz, CDCl3) & 5.40 (d, J = 10.7 Hz, 1H), 4.69 (d, J = 12.9 Hz, 1H), 4.41 (dddd, J =
48.0, 8.8, 4.2, 2.9 Hz, 1H), 3.94 (dd, J = 12.9, 2.7 Hz, 1H), 3.84 (d, J = 3.2 Hz, 1H), 3.37 (ddd, J
=23.8,10.8, 2.9 Hz, 1H), 1.91 — 1.77 (m, 2H), 1.69 — 1.53 (m, 1H), 1.51 — 1.28 (m, 6H), 1.14 (d,
J =7.3 Hz, 3H), 0.93 — 0.87 (overlapping signals, 12H), 0.10 (d, J = 1.3 Hz, 3H), 0.09 (s, 3H).
3C NMR (126 MHz, CDCl3) 5 94.8 (d, J = 179.6 Hz), 74.6 (d, J = 0.9 Hz), 68.2, 53.7 (d, J =
18.3 Hz), 40.0, 32.3 (d, J = 21.0 Hz), 31.6, 26.0, 24.6 (d, J = 4.8 Hz), 22.6, 18.1, 14.1, 13.5, -4.2,
-4.9 (d, J = 3.0 Hz). *F NMR (471 MHz, CDCls) & -192.48 (dddd, J = 47.2, 31.5, 23.9, 14.8 Hz).

HRMS (ESI) m/z calculated for C17H3sFNO,SSi [M+H]" 398.2191, found 398.2189.

N

HN .
n-Pr -Pr

F oTBS
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Compound 20a. To a flame-dried, round bottom flask equipped with a stir bar was added a
portion of 90.6 mg enesulfamate 20 (0.240 mmol, 1.0 equiv), Selectfluor (0.128 g, 0.361 mmol,
1.5 equiv), and 4 A MS (0.134 g). Dry CH3NO, (2.4 mL) was added to prepare a 0.1 M solution.
The mixture was stirred at 80 °C for 1 hour. The reaction mixture was then filtered through a pad
of celite, and the filtrate concentrated by rotary evaporation. A 2.4 mL portion of dry CH;CN
was added to the crude imine and the reaction mixture was cooled to 0 °C. A 2.4 mL portion of
glacial AcOH (AcOH:CH3CN = 1:1 v/v) was added to the flask, followed by addition of
MesN(OAc)3BH (0.191 g, 0.726 mmol, 3.0 equiv). The reaction mxiture was warmed up to room
temperature and stirred for 6 hours. The reaction mixture was transferred to a separatory funnel
containing CH,Cl, and washed three times with saturated NaHCOj3 solution. The aqueous layer
was extracted three times with CH,Cl,. The combined organic layers were washed once with
brine, dried over Na,SO,4, and concentrated by rotary evaporation to yield the diastereomeric
mixture. The crude product was purified by silica gel chromatography (carried out using a
gradient method with an initial starting mobile phase consisting of 0:1 CH,Cl,:hexanes, with a
gradual increase to a ratio of 3:7 in 6% increments; 1% Et,O was added to improve separation
among diastereomers; KMnOjy stain) to yield 39.5 mg stereotriad (0.0994 mmol, 41%) as a white
solid. *H NMR (500 MHz, CDCls) & 5.04 (d, J = 9.5 Hz, 1H), 4.77 (dddd, J = 47.2, 8.9, 4.7, 2.3
Hz, 1H), 4.39 — 4.32 (m, 2H), 3.53 (ddt, J = 25.3, 9.6, 2.8 Hz, 1H), 2.16 (ddd, J = 16.2, 10.7, 5.8
Hz, 1H), 2.03 (ddd, J = 15.5, 5.1, 2.8 Hz, 1H), 1.93 — 1.77(m, 2H), 1.64 — 1.34 (m, 2H), 1.00 —
0.94 (m, 9H), 0.91 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H). *C NMR (126 MHz, CDCl3) § 92.8 (d, J =
177.3 Hz), 84.9, 70.8, 57.5 (d, J = 17.8 Hz), 39.8 (d, J = 1.3 Hz), 34.3 (d, J = 20.9 Hz), 33.1,
25.9, 18.5, 18.4 (d, J = 5.6 Hz), 18.1, 17.6, 13.9, -4.0, -4.9 (d, J = 1.5 Hz). **F NMR (471 MHz,

CDCls) & -194.46 (dddd, J = 46.3, 30.9, 25.2, 13.9 Hz). HRMS (ESI) m/z calculated for
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C17H36FNO,SSi [M+NH,]* 415.2457, found 415.2452. The stereochemistry of the 'Pr group on

seven-membered ring was confirmed by NOE experiments:

Intermediate for the synthesis of compound 28. A portion of 0.299 g of the stereotriad 7a
(0.779 mmol, 1.0 equiv) was dissolved in 7.5 mL dry CH,CI, to prepare a 0.1 M solution. A
portion of 0.27 mL Boc,0O (0.257g, 1.17 mmol, 1.5 equiv), 0.16 mL NEt; (0.116 g, 1.17 mmol,
1.5 equiv) and 0.0117 g DMAP (0.0958 mmol, 0.1 equiv) were added to the flask and the
reaction mixture stirred at room temperature for 40 minutes, diluted with CH,Cl, and washed
twice with saturated NH4Cl solution and once with brine. The combined organic layers were
dried over Na,SO,4 and concentrated by rotary evaporation to yield the crude product, which was
purified by silica gel chromatography (carried out using a gradient method with an initial starting
mobile phase consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 1:1 in 10%
increments; KMnOj stain) to yield 36.3 mg of product as a white solid (0.750 mmol, 96%). *H
NMR (500 MHz, CDCls) & 5.06 (dddd, J = 48.7, 10.1, 7.3, 3.2 Hz, 1H), 4.66 — 4.53 (m, 2H),
4.47 (ddd, J = 12.5, 4.5, 2.2 Hz, 1H), 4.03 (dg, J = 11.2, 3.5 Hz, 1H), 2.33 — 2.20 (m, 1H), 1.89 —
1.63 (m, 3H), 1.55 (s, 9H), 1.44 — 1.27 (m, 6H), 0.92 — 0.87 (m, 12H), 0.15 (s, 3H), 0.10 (s, 3H).

3C NMR (126 MHz, CDCl3) 6 151.9, 90.7 (d, J = 175.8 Hz), 85.7, 72.2 (d, J = 4.4 Hz), 69.7,
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64.8 (d, J = 18.7 Hz), 33.7, 33.1 (d, J = 20.6 Hz), 31.7, 28.0, 25.8, 25.0 (d, J = 3.8 Hz), 22.7,
18.0, 14.1, -4.7, -5.0.°°F NMR (471 MHz, CDCls) & -184.27 — -184.72 (m). HRMS (ESI) m/z

calculated for C1H42,FNO6SSi [M+NH,]" 501.2824, found 501.2826.

'5: /Boc
C5H11/i’\>
HO

Compound 28. The N-Boc protected stereotriad was converted to the crude pyrrolidine product
according to a published procedure®. A 51.0 mg (0.105 mmol, 1.0 equiv) portion of the triad was
dissolved in 0.52 mL of DMF, followed by addition of 28.0 mg Nal (0.187 mmol, 1.8 equiv).
The solution was warmed to 50 °C and stirred at the same temperature for 15 minutes prior to the
addition of NaH (16.6 mg, 0.692 mmol, 6.6 equiv). Upon addition of NaH, the solution turned
light yellow. The reaction mixture was then warmed to 68 °C and stirred at the same temperature
for 10.5 hours. The reaction mixture was then cooled down to room temperature and cautiously
quenched with H,O. The mixture was extracted with Et,O three times. The combined organics
were washed once with brine and dried with MgSO,. The mixture was filtered and concentrated
in vacuo. The crude pyrrolidine was purified by silica gel chromatography (carried out using a
gradient method with an initial starting mobile phase consisting of 0:1 EtOAc:hexanes, with a
gradual increase to a ratio of 2:3 in 7% increments; KMnQ, stain) to yield 22.8 mg (0.0788 mmol,
75%) of 28 as a clear oil. 'H NMR (500 MHz, Tol-d8, 368K) & 4.81 (dddd, J = 47.4,9.2, 4.1, 2.3
Hz, 1H), 3.92 (g, J = 8.2 Hz, 1H), 3.81 (ddd, J = 29.3, 7.5, 2.3 Hz, 1H), 3.30 (t, J = 7.3 Hz, 2H),
1.90 — 1.78 (m, 1H), 1.78 — 1.60 (m, 3H), 1.53 — 1.36 (m, 11H), 1.32 — 1.20 (m, 5H), 0.86 (t, J =
6.9 Hz, 3H). °C NMR (126 MHz, Tol-d8, 368K) & 154.6, 93.0 (d, J = 172.6 Hz), 78.7, 71.2,

60.4 (d,J=17.9Hz),43.8,32.4(d,J=21.1Hz),32.4 (d, J = 3.6 Hz), 31.6, 28.0, 25.1 (d, J = 4.7
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Hz), 22.3, 13.4. **F NMR (471 MHz, Tol-d8, 368K) & -191.36 — -193.07 (m). HRMS (ESI) m/z

calculated for C15H2FNO3 [M+Na]* 312.1945, found 312.1941.

CsH11
F OTBS

Intermediate for the synthesis of compound 29. A portion of 29.1 mg of the stereotriad 9a
(0.0710 mmol, 1.0 equiv) was subjected to ozonolysis conditions® to yield the crude aldehyde
product. The 9a was dissolved in dry CH,Cl, and cooled to -78 °C. Ozone was then bubbled into
the solution until a persistent blue color was observed. At this point, N, was bubbled through the
solution in place of the ozone until the blue color went away. A 0.02 mL portion of NEt; (14.5
mg, 0.144 mmol, 2.0 equiv) was then added and the solution was warmed to room temperature
and allowed to stir for 3.5 hours. After the reaction was complete as indicated by a TLC check
(CH.Cly:hexanes = 1:1, KMnQq stain), the organic solution was diluted with Et,O, washed once
with saturated NH4ClI solution. After the aqueous layer was extracted three times with Et,0, the
combined organic layers were washed with brine once and dried over Na,SO,4. The product was
purified by silica gel chromatography (carried out using a gradient method with an initial starting
mobile phase consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 1:1 in 10%
increments; KMnQy, stain) to yield 24.5 mg of the aldehyde as clear yellow oil (0.0595 mmol,
84%). *H NMR (500 MHz, CDCls) § 9.91 (d, J = 3.4 Hz, 1H), 5.44 (bs, 1H), 4.80 (ddd, J = 46.8,
11.1, 2.0 Hz, 1H), 4.54 — 4.47 (m, 2H), 4.20 (ddd, J = 12.2, 6.0, 2.9 Hz, 1H), 2.19 (ddt, J = 16.0,
9.2, 2.4 Hz, 1H), 2.10 (dtd, J = 15.8, 6.5, 2.1 Hz, 1H), 1.85 — 1.71 (m, 1H), 1.61 — 1.51 (m, 1H),
1.51 — 1.26 (m, 6H), 0.91 (s, 9H), 0.88 (t, J = 6.7 Hz, 3H), 0.13 — 0.10 (m, 6H). *C NMR (126

MHz, CDCls) § 199.2 (d, J = 4.8 Hz), 94.7 (d, J = 185.8 Hz), 72.1, 71.6 (d, J = 16.3 Hz), 66.4,
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34.4 (d, J = 2.2 Hz), 31.4, 30.2 (d, J = 21.8 Hz), 25.9, 25.0 (d, J = 3.4 Hz), 22.5, 18.1, 14.1, -4.0,
-4.9 (d, J = 0.71 Hz).”*F NMR (471 MHz, CDCl,) & -193.61 (dddd, J = 46.6, 42.3, 12.7, 3.4 Hz).

HRMS (ESI) m/z calculated for C;7H34FNOsSSi [M+NH,]" 429.2249, found 429.2250.

o 0O

N
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Compound 29. A portion of 60.2 mg (0.146 mmol, 1.0 equiv) of the aldehyde was dissolved in

0.50 mL CH3CN. An aqueous solution of NaH,PO, (8.7 mg in 0.24 mL H,0) and 0.1 mL 30%
wt% H,0, were added to the dissolved aldehyde and the reaction mixture was cooled to 0 °C.
Next, an aqueous solution of NaClO, (15.7 mg in 0.23 mL H,0) was added and the reaction
mixture stirred at room temperature until starting material was consumed after 3 hours. The
reaction was quenched with addition of aqueous solution of NaHSO3. After another 30 minutes
of stirring, 2 N HCI was added. The reaction mixture was extracted with CH,ClI, three times. The
combined organic layers were then washed with 10% NaOH solution twice to ensure
deprotonation of the acid. A portion of 2 N HCI was then added to the combined aqueous layers
to ensure protonation of the acid. The mixture was then extracted five times with CH,Cl,. The
combined organic layers were then washed once with brine and dried over Na;SO4. A 29.0 mg
portion of product 30 (0.0678 mmol, 46%) was obtained as a white solid. The product was clean
enough for direct characterization without further purification. *H NMR (500 MHz, CDCls) &
9.38 — 7.80 (bs, 1H), 5.40 (bs, 1H), 4.91 (dd, J = 47.8, 10.2 Hz, 1H), 4.66 (d, J = 8.2, 1H), 4.47
(ddd, J = 11.3, 8.3, 2.6 Hz, 1H), 4.25 (ddd, J = 12.1, 7.3, 2.8 Hz, 1H), 2.34 (dtd, J = 15.9, 7.9, 2.5
Hz, 1H), 2.23 (dd, J = 16.3, 7.6 Hz, 1H), 1.80 — 1.67 (m, 1H), 1.66 — 1.49 (m, 2H), 1.42 — 1.21

(m, 5H), 0.92 (s, 9H), 0.89 (t, J = 6.8 Hz, 3H), 0.12 (s, 3H), 0.12 (s, 3H). *C NMR (126 MHz,
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CDCl3) & 171.4, 93.7 (d, J = 186.1 Hz), 73.7, 69.3 (d, J = 15.7 Hz), 67.2, 35.2 (d, J = 2.6 Hz),
31.4,30.6 (d, J = 21.3 Hz), 25.9, 25.4 (d, J = 2.8 Hz), 22.6, 18.1, 14.1, -4.1, -4.8. *F NMR (471
MHz, CDCIl3) 6 -193.69 (td, J = 47.1, 46.6, 14.6 Hz). HRMS (ESI) m/z calculated for

C17H34FNOGSSi ['\/H'NH4]Jr 4452198, found 445.2195.

NHBoc
CsH 14 SPh

F OTBS
Intermediate for the synthesis of compound 30. The thiophenol ring-opening product was
obtained using a published procedure® to convert 570 mg Boc-protected enesulfamate (1.18
mmol, 1.0 equiv) to 646 mg (quantitative yield) product as a colorless oil. To a 25 mL round-
bottom flask was added the Boc-protected enesulfamate, 0.3 mL PhSH (322 mg, 2.92 mmol, 2.5
equiv), and 13 mL CH3CN, followed by addition of 332 mg K,COj3 (2.40 mmol, 2.0 equiv). The
reaction was monitored by TLC (CH,Cl,:hexanes = 1:1, KMnQ, stain). After 2 hours, a saturated
NaHCOj3 solution was added to the reaction mixture and the mixture extracted with EtOAc three
times. The combined organic layers were washed once with saturated NaHCO3; and brine,
followed by drying with Na,SO,4. The crude product was concentrated in vacuo and purified by
silica gel chromatography (carried out using a gradient method with an initial starting mobile
phase consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 1:1 in 10%
increments; KMnOj stain) to give the product. *H NMR (500 MHz, CgDg) & 7.35 (dd, J = 8.1,
1.1 Hz, 2H), 7.04 (t, J = 7.8 Hz, 2H), 6.92 (tt, J = 7.3, 1.3 Hz, 1H), 4.91 (d, J = 9.6 Hz, 1H), 4.77
(dddd, J = 47.8, 8.5, 5.0, 1.8 Hz, 1H), 4.11 (ddd, J = 7.0, 5.3, 3.8 Hz, 1H), 3.98 (dddd, J = 28.2,
9.6, 3.9, 1.9 Hz, 1H), 3.04 (dt, J = 13.5, 6.9 Hz, 1H), 2.87 (dt, J = 12.9, 7.4 Hz, 1H), 1.93 (q, J =

7.5 Hz, 2H), 1.79 — 1.64 (m, 1H), 1.57 — 1.46 (m, 1H), 1.43 (s, 9H), 1.39 — 1.29 (m, 2H), 1.24 —
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1.10 (m, 4H), 0.90 (s, 9H), 0.83 (t, J = 7.0 Hz, 3H), 0.16 (s, 3H), 0.04 (s, 3H). *C NMR (126
MHz, C¢Dg) & 156.1, 137.2, 129.6, 129.2, 126.1, 92.3 (d, J = 172.9 Hz), 79.4, 71.7,56.1 (d, J =
16.5 Hz), 33.0 (d, J = 18.2 Hz), 32.9, 31.8, 30.3, 28.4, 26.1, 25.1 (d, J = 5.5 Hz), 22.8, 18.1, 14.2,
-4.4. F NMR (471 MHz, C¢Ds) & -192.29 (dtd, J = 44.5, 28.6, 14.5 Hz). HRMS (ESI) m/z

calculated for C,7H4sFNO5SSi [M+H]" 514.3181, found 514.3188.

NHBoc o
CsH11 S.

Ph
F  OTBS

Intermediate for the synthesis of compound 30. A published procedure®’ was used to convert
538 mg of the thiol ring-opening product (1.05 mmol, 1.0 equiv) to 586 mg (quantitative yield)
of the sulfoxide product as colorless oil in a dr of 1:1. To a 5 mL round-bottom flask was added
1.19 g (12.7 mmol, 12.1 equiv) phenol and the thiol phenol ring-opening product, followed by
addition of 30 % by weight H,O, in water (0.83 mL). After 20 minutes, the reaction was
quenched by addition of saturated Na,S,03 solution. The reaction mixture was then diluted with
H,0 and the aqueous layer was extracted with EtOAc three times. The combined organics were
then washed once with saturated K,CO3; and once with brine. The organics were dried over
Na,SO, and concentrated in vacuo. The crude product was purified by silica gel chromatography
(carried out using a gradient method with an initial starting mobile phase consisting of 0:1
EtOAc:hexanes, with a gradual increase to a ratio of 1:9 in 2% increments to get remove any
unreacted phenol; the ratio of the solvent was then gradually increased to 1:3 in 3% increments
to afford the product; KMnOj stain). *H NMR (500 MHz, CgDg) & 7.55 — 7.50 (m, 2H), 7.08 —
7.01 (m, 2H), 7.01 — 6.94 (m, 1H), 4.95 (dd, J = 30.6, 9.6 Hz, 1H), 4.79 — 4.53 (m, overlapping

signals, 1H), 4.00 — 3.83 (m, overlapping signals, 2H), 2.83 (dddd, J = 21.7, 13.1, 9.9, 5.6 Hz,
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1H), 2.64 (dddd, J = 13.0, 9.7, 5.4, 2.5 Hz, 1H), 2.22 (ddt, J = 15.1, 10.3, 5.4 Hz, 0.5H), 2.14 —
2.05 (m, 0.5H), 1.93 — 1.83 (m, 1H), 1.79 — 1.61 (m, 1H), 1.61 — 1.45 (m, 1H), 1.43 (s, 4.5H),
1.41 (s, 4.5H), 1.38 — 1.08 (m, 6H), 0.87 (s, 4.5H), 0.85 (s, 4.5H), 0.86 — 0.81 (m, overlapping
signals, 3H), 0.11 (s, 1.5H), 0.10 (s, 1.5H), 0.02 (s, 1.5H), -0.05 (s, 1.5H). *C NMR (126 MHz,
CeDg) & 156.3, 156.2, 145.7, 145.5, 130.4, 130.4, 129.2, 129.2, 124.2, 124.2, 92.8 (d, J = 173.2
Hz), 92.5 (d, J = 173.6 Hz), 79.5, 79.4, 72.1, 72.0, 56.1 (d, J = 16.7 Hz), 56.0 (d, J = 17.1 Hz),
53.1,52.9, 32.9, 32.8, 31.9, 31.8, 28.4, 26.0, 25.1 (d, J = 5.2 Hz), 25.1 (d, J = 5.2 Hz), 22.8, 22.8,
18.1, 14.2, 14.2, -4.3, -4.3, -4.5, -4.6. F NMR (471 MHz, C¢Ds) & -192.53 (m). HRMS (ESI)

m/z calculated for C,7H4sFNO4SSi [M+H]" 530.3130, found 530.3137.

NHBoc
CsH11

F OTBS

Compound 30. A published procedure®’ was used to convert 20.0 mg sulfoxide (0.0377 mmol,
1.0 equiv) to 12.3 mg (0.0305 mmol, 81%) compound 31 as a white solid. To an oven-dried
pressure tube was added the sulfoxide and 1.5 mL of distilled xylenes, followed by addition of
20.0 mg NaHCOs (0.238 mmol, 6.3 equiv). The reaction mixture was heated at 130 °C until *H
NMR showed complete consumption of starting material. After 17 hours, the reaction mixture
was cooled to room temperature, diluted with H,O and the aqueous layer was extracted three
times with EtOAc. The combined organic layers were washed once with brine and dried over
Na,SO,4. After concentration in vacuo, the crude product was purified by silica gel
chromatography (carried out using a gradient method with an initial starting mobile phase

consisting of 0:1 CH,Cl,:hexanes, with a gradual increase to a ratio of 1:1 in 5% increments;
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KMnOy stain). "H NMR (500 MHz, CsDs) & 5.90 (dddd, J = 17.3, 10.2, 7.1, 2.9 Hz, 1H), 5.19 (dt,
J=17.1, 1.5 Hz, 1H), 5.01 (dt, J = 10.4, 1.3 Hz, 1H), 4.89 (dddd, J = 47.8, 7.7, 5.6, 1.4 Hz, 1H),
4.89 (d, J = 9.9 Hz, 1H), 4.29 (t, J = 6.3 Hz, 1H), 4.00 (dddd, J = 29.5, 9.9, 5.6, 1.5 Hz, 1H), 1.86
~1.72 (m, 1H), 1.65 — 1.51 (m, 1H), 1.45 (s, 9H), 1.40 — 1.28 (m, 2H), 1.24 — 1.12 (m, 4H), 0.96
(s, 9H), 0.83 (t, J = 6.9 Hz, 3H), 0.10 (s, 3H), 0.06 (s, 3H). *C NMR (126 MHz, C¢Ds) & 156.0,
138.5, 116.6, 92.1 (d, J = 172.3 Hz), 79.2, 74.9, 57.3 (d, J = 16.4 Hz), 32.7 (d, J = 20.9 Hz), 31.8,
28.5,26.0, 25.1 (d, J = 5.9 Hz), 22.8, 18.3, 14.2, -4.3, -4.8. *°F NMR (471 MHz, C¢Dg) & -192.57
— -192.87 (m). HRMS (ESI) m/z calculated for C,Hs,FNO3Si [M+Na]® 426.2810, found

426.2808.

NHBoc
C5H11\|)\|/002Me

F OH
Compound 31. A portion of 9.9 mg of 30 (0.0245 mmol, 1.0 equiv) was dissolved in dry
CH,ClI, and cooled down to -78 °C. Ozone was then bubbled into the solution until a persistent
blue color was observed. At this point, the ozone addition was stopped and N, was bubbled
through the solution until the blue color disappeared. A 0.05 mL portion of NEt; was then added
and the solution was warmed to room temperature and allowed to stir for 1 hour. The organic
solution was diluted with ether and washed once with saturated NH4CI solution. After the
aqueous layer was extracted three times with ether, the combined organic layers were washed
with brine once and dried over Na,SO,4. The aldehyde was used for the subsequent Pinnick
oxidation without further purification. The aldehyde was dissolved in 0.40 mL CH3CN. An
aqueous solution of NaH,PO, (5.2 mg in 0.1 mL H,0) and 0.1 mL 30% by weight solution of

H,0, in water were added to the dissolved aldehyde. The reaction mixture was cooled to 0 °C.
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An aqueous solution of NaClO, (4.8 mg in 0.1 mL H,0) was added and the solution was stirred
at room temp until starting material was consumed (ca. 12 hours). The reaction was then
quenched by the addition of an aqueous solution of NaHSO3. After another 30 minutes of stirring,
2 N HCI was added. The reaction mixture was extracted three times with CH,Cl,, the combined
organics washed once with brine, dried over Na,SO4, and concentrated under reduced pressure.
The crude carboxylic acid was dissolved in 0.34 mL MeOH at 0 °C. A solution of 0.1 mL
TMSCHN, was added dropwise over 1 minute. After 30 minutes of stirring at 0 °C, 0.01 mL
AcOH was added and the resulting mixture was concentrated in vacuo. A 4.5 mg (0.0140 mmol,
57%) portion of the product 32 was obtained as colorless oil after purification by column
chromatography (carried out using a gradient method with an initial starting mobile phase
consisting of 0:1 EtOAc:hexanes, with a gradual increase to a ratio of 1:4 in 3% increments;
KMnOj stain). *H NMR (500 MHz, CsDg) & 5.09 (d, J = 10.2 Hz, 1H), 4.60 (ddt, J = 48.0, 8.5,
3.8 Hz, 1H), 4.34 (ddt, J = 23.3, 10.2, 3.4 Hz, 1H), 4.11 (t, J = 3.8 Hz, 1H), 3.29 (s, 3H), 3.07 (d,
J=4.4Hz, 1H), 1.70 — 1.58 (m, 1H), 1.41 (s, 9H), 1.30 — 1.03 (m, 7 H), 0.81 (t, J = 7.1 Hz, 3H).
13C NMR (126 MHz, C¢Dg) 5 174.0, 155.8, 92.5 (d, J = 173.0 Hz), 79.6, 70.3, 55.7 (d, J = 19.4
Hz), 52.4, 32.0 (d, J = 20.8 Hz), 31.8, 28.3, 25.0 (d, J = 4.4 Hz), 22.8, 14.2. ®F NMR (471 MHz,
CsDg) 6 -193.19 (dddd, J = 48.0, 31.9, 23.3, 15.3 Hz). HRMS (ESI) m/z calculated for

C15H2sFNOs [M+Na]™ 344.1844, found 344.1840.

NHBoc

F OTBS
Precursor for the synthesis of compound 32. The reaction was repeated three times due to

discrepancies in yield on the small scales employed (8.8 mg, 0.0209 mmol, 84%; 37.0 mg,
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0.0879 mmol, 42%; 26.7 mg, 0.0634 mmol, 51%). The average of the three reactions was taken
as the final yield, which is 59%. The amount of the starting material used for each reaction was
0.0248 mmol, 0.211 mmol, and 0.124 mmol, respectively. The procedure for the reaction carried
out on a 0.124 mmol scale involved dissolving compound 31 (49.8 mmg, 0.124 mmol, 1.0 equiv)
in THF (1 mL) in a flame-dried, round bottom flask to make a 0.3 M solution, which was then
cooled to 0 °C. The BH3/THF complex (0.4 mL, 0.400 mmol, 0.83 equiv) was added to the same
flask and the reaction mixture stirred at room temperature. After 1 day, H,O (1.85uL, 0.0019 g,
0.106 mmol, 0.85 equiv) was added to the reaction and stirred continued for another 30 minutes
before the addition of a 5 M aqueous solution of NaOH (0.1 mL, 4.2 equiv) and 30% by weight
solution of H,O, in water (0.1 mL, 1.02 mmol, 8.2 equiv). The reaction was warmed to room
temperature and stirred for 1 hour. A saturated K,COj3 solution and H,O were added to quench
the reaction and the resulting solution extracted three times with CH,Cl,. The combined organic
layers were washed once with brine and dried over Na,SO,. After concentration in vacuo, the
crude product was purified by silica gel chromatography (carried out using a gradient method
with an initial starting mobile phase consisting of 0:1 EtOAc:hexanes, with a gradual increase to
a ratio of 1:4 in 3% increments; KMnQ, stain) to yield 26.7 mg alcohol (0.0634 mmol, 51%) as a
colorless oil. *H NMR (500 MHz, CsDg) & 5.08 (d, J = 9.6 Hz, 1H), 4.92 — 4.76 (m, 1H), 4.12 —
4.06 (m, 1.5H), 4.03 (ddd, J = 10.0, 4.1, 2.0 Hz, 0.5H), 3.61 (dt, J = 11.1, 5.6 Hz, 1H), 3.53 (dt, J
=11.0, 6.3 Hz, 1H), 1.85 — 1.67 (m, 3H), 1.66 — 1.51 (m, 1H), 1.49 — 1.33 (m, 12H), 1.26 — 1.13
(m, 4H), 0.93 (s, 9H), 0.85 (t, J = 6.8 Hz, 3H), 0.16 (s, 3H), 0.07 (s, 3H). *C NMR (126 MHz,
CeDs) & 156.4,92.7 (d, J = 172.6 Hz), 79.4, 71.0, 59.4, 56.3 (d, J = 16.4 Hz), 36.4 (d, J = 2.5 Hz),

33.1(d, J = 21.3 Hz), 31.9, 28.4, 26.1, 25.2 (d, J = 5.4 Hz), 22.9, 18.2, 14.2, -4.5, -4.6. *F NMR
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(471 MHz, CgDg) 6 -192.57 (dtd, J = 48.6, 28.3, 14.6 Hz). HRMS (ESI) m/z calculated for

C21H44FNO,Si [M+H]" 422.3096, found 422.3092.

NHBoc

CsHi COH

F OTBS
Compound 32. A portion of 4.0 mg RuCls-XH,0 (0.0024 mmol, 0.1 equiv) was added at 0 °C to
a solution of 8.8 mg (0.0209 mmol, 1.0 equiv) alcohol and NalO,4 (20.0 mg, 0.0935 mmol, 4.5
equiv) dissolved in a mixture of 0.3 mL CH3CN, 0.12 mL CCl4 and 0.22 mL H,0. The reaction
mixture was warmed to room temperature and stirred for 27 hours. A 1 mL portion of 1 N HCI
was added to the reaction mixture and the aqueous layer extracted with EtOAc three times. The
combined organics were washed once with brine, dried over Na,SO,4 and concentrated in vacuo.
7.0 mg (0.0161 mmol, 77%) compound 32 was Yyielded after column chromatography (carried
out using a gradient method with an initial starting mobile phase consisting of 0:1
EtOAc:hexanes, with a gradual increase to a ratio of 1:4 in 5% increments; KMnQ, stain) to give
the product as a colorless oil. *H NMR (600 MHz, Tol-d8) & 4.90 — 4.84 (m, 1.5H), 4.78 (dd, J =
7.7,5.4 Hz, 0.5H), 4.47 (dt, J = 8.2, 4.3 Hz, 1H), 4.00 (dddd, J = 29.1, 9.6, 3.9, 1.6 Hz, 1H), 2.55
(ddd, J = 15.9, 8.0, 2.3 Hz, 1H), 2.46 (dd, J = 15.8, 4.6 Hz, 1H), 1.78 — 1.66 (m, 1H), 1.59 — 1.47
(m, 1H), 1.42 (s, 9H), 1.38 — 1.28 (m, 3H), 1.25 — 1.14 (m, 4H), 0.92 (s, 9H), 0.86 (t, J = 7.1 Hz,
3H), 0.17 (s, 3H), 0.14 (s, 3H). *C NMR (151 MHz, Tol-d8) § 177.1, 156.0, 92.1 (d, J = 172.4
Hz), 79.6, 70.3, 56.4 (d, J = 16.3 Hz), 38.8 (d, J = 3.5 Hz), 32.9 (d, J = 21.3 Hz), 31.8, 28.3, 26.0,
25.1 (d, J=5.7 Hz), 22.9, 18.1, 14.1, -4.7, -4.8. *F NMR (564 MHz, Tol-d8) & -192.81 (dtd, J =
44.0, 28.8, 14.4 Hz). HRMS (ESI) m/z calculated for C,;H42,FNOsSi [M-H]™ 434.2744, found

434.2750.
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VI. NMR Spectra.

'H NMR for the precursor for compound 13.
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B3C NMR for the precursor for compound 13.
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'H NMR for the precursor for compound 16.
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B3C NMR for the precursor for compound 16.
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'H NMR for the precursor for compound 17.

(wdd) 14

g¢ Oy S¥ 0S5 S99 09 S99 04 SZ 08 S8 06

0'c S¢ 0¢
f\y |

ST

0T

00 S0

S0-

0°'T-

1.001

2.01]

2.074x

2.071

2.031
3.10=«

3.09x

(wdd) 14
ST'v 0Cv S¢v 0€v SED

(wdd) 14
00'S 20'S +0°S 90°S 80°S 0T'S

€e¢ ve

Te ¢t

(wdd) 14
0¢
Il

6'T

8T

LT

SO'T

(wdd) 14
00T

S6°0

™

S-57

5.08

_—5.06

~ 5.04

~ 1.00
—— 0.99
_-0.97

1.97
1.96
1.95

j 1.94

? 1.94
1.93

\ 1.92

1.91

_-1.69
N 1.69

ZHIN 005 ‘190D “YINN H}
L1 punodwo9 0} 10sindaid

m
-

\Hﬁ

‘T
@}
1%}
o
bS]
=
T
]

— 7.26 CDCI3



B3C NMR for the precursor for compound 17.
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'H NMR for the precursor for compound 20.
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B3C NMR for the precursor for compound 20.
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'"H NMR for compound 13.
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BBC NMR for compound 13.
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'"H NMR for compound 14.
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3C NMR for compound 14.
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'"H NMR for compound 16.
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B3C NMR for compound 16.
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'"H NMR for compound 17.
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BBC NMR for compound 17.
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'"H NMR for compound 18.
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3C NMR for compound 18.
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'"H NMR for compound 20.
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B3C NMR for compound 20.
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'"H NMR for compound 7a.

(wdd) 14

00 S0 OT ST O0cC S¢ 0€¢€ S§€ 0¥ S+ 0SS SS9 09 99 04 SZ£ 08 S8 06

S'0-

0°'1-

1.00x

1.031
1.03]

1.02
1.02

1.011

1.047]

9.9

3.19,
9.21%

3.05¢
3.04~

F7'16 C6D6
- 5.58
- 5.56
- 4.47
- 4.45
- 4.42
| 3.57
| 3.56
| 3.55
| 3.54
- 3.53
I 3.53
- 3.51
- 3.51
| 3.50
| 3.16
- 3.15
- 3.13

N (@)
Q (9]
z§ T
35 = B 4.11
= o m — .{4.11
_:U c T 'h —_
o3 Z o [ = %4.10
a2 5 W © = 4.10
e e o 4.09
o lws)
2 & @) ~D 4.09
g S o 4.01
1) 3u 4.01
= ~ _ f4.01
I = 4.00
S EEEEE— N H = f400
o = =
o = %3.99
3.99
w
(@)}
w
(05
o
—
8 2w
— —0.89 —~N
O
=g S
S o —0.88 S w
T ®
2 s»
- —0.86 N .
g = 3.10
o) w _ f3.08
i = Z 3.08
—
© | 1.45
= — 1.45
o | 1.42
. 5 - 128
= Py u .
(¥, —_ ) 1.26
[ 006 Rg | .2
= —~-0.06 — .
3, i 1.24
T wn
30 3 1 1.23
<o = 1.22
N = 1.18
— 1.17
w | 1.17
S - 1.16
o N 7-1.15
) - ~1.13
—
= _
 —
(-

S-73

3.13
3.10
3.10
3.08
3.08
1.84
1.83
1.81
1.48
1.48
1.47
1.46
1.45
1.45
1.44
1.43
1.42
1.42
1.37
1.37



B3C NMR for compound 7a.
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F NMR for compound 7a.
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'"H NMR for compound 8a.
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B3C NMR for compound 8a.
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F NMR for compound 8a.
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'"H NMR for compound 9a.
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B3C NMR for compound 9a.
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F NMR for compound 9a.
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'H NMR for compound 10a.
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BBCNMR for compound 10a.
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F NMR for compound 10a.
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'H NMR for compound 11a.
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BCNMR for compound 11a.
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F NMR for compound 11a.
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'H NMR for compound 12a.
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BCNMR for compound 12a.
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F NMR for compound 12a.
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'H NMR for compound 13a.
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BCNMR for compound 13a.
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F NMR for compound 13a.
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'H NMR for compound 14a.
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BCNMR for compound 14a.
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F NMR for compound 14a.
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'H NMR for compound 15a.
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BCNMR for compound 15a.
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F NMR for compound 15a.
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'H NMR for compound 16a.
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BCNMR for compound 16a.
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F NMR for compound 16a.
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'"H NMR for compound 16b.
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BBC NMR for compound 16b.
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F NMR for compound 16b.
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'"H NMR for compound 16c.
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BBC NMR for compound 16c.
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F NMR for compound 16c.
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'H NMR for compound 17a.
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BCNMR for compound 17a.
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F NMR for compound 17a.

3] 7z
| S

L'u _

o N
1 ]

| e

D _

o

L'n _

o

d - - f

o - |

kb | - -

o 1 .
i i \ _1s8.
i ’-—157.86
) ’-—157.88

’--157.90
1 ,——157.92
) - -157.95
-157.95

1 _{;—157.96

e/l punodwoo
NH
0]

zHI 12y “$19aD YN 6
Sdl10
O//S

OTT- 00T- 0/~ 09-
(wdd) 14
OT'8ST- 00°8ST- 06°ZST-  08'/SI-

(wdd) 14
0zI-

0C'8ST-

obT- O0€T-

0ST-

\.-157.99
| -158.01
| -158.03
| -158.05
| -158.07
| -158.09
-158.11

09T-

0/T-

00¢- 06T- 08T-

0T¢-

-

S-111



'H NMR for compound 17b.
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BBC NMR for compound 17b.
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F NMR for compound 17b.
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'H NMR for compound 17c.
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BBC NMR for compound 17c.
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F NMR for compound 17c.
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'H NMR for compound 18a.
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BBCNMR for compound 18a.
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F NMR for compound 18a.

o,,% 555855
IZ\ O é
CsHyy
F orsd/®

compound 18a

19F NMR, OUO_Q. 471 MHz
T T T LA . — T T
-190.3 -190.4 -190.5 -190.6 -190.7 -190.8 -190.9 -191.0
f1 (ppm
T T T T T T T T T T T T T T T T T T T T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22(
f1 (ppm)

$-120



'H NMR for compound 19a.
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BCNMR for compound 19a.
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F NMR for compound 19a.
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'H NMR for compound 20a.
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3C NMR for compound 20a.
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F NMR for compound 20a.
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'H NMR for intermediate for the synthesis of compound 28.
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BBC NMR for intermediate for the synthesis of compound 28.

06T
1

08T
1

sa10
&

0/T
1
8y} Joy ajeIpawIB)ul

zHI 921 Y1900 YN %1
gz punodwiod jo sisayjuis

091
1

—151.91

OTT OCT OE€T ObT  OST
1

00T
1

—91.36
"\ 89.96

! —85.74
1 72.25
| 72.21
- \ 69.73
] 5 64.82
64.68
o -
o
33.72
. _ f 33.16
33.00
. \ 3167
\-28.01
1 \ 25.75
| \25.05
25.02
] \ 22.66
\ 17.99
i 14.13
o -
| < -4.73
-4.97

$-128

(wdd) 14
06
1

08
1

0L

0S

(0}

0€

0c¢

0T

JT-



F NMR for intermediate for the synthesis of compound 28.
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'"H NMR for compound 28.
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B3C NMR for compound 28.
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F NMR for compound 28.

Boc
CsHyq N

il

HO

compound 28
19F NMR, Toluene-d8
471 MHz, 368 k

-192.13

a
8
|
— T T T T T T T T T T T T T
-191.6 -192.0 -192.4 -192.8
f1 (ppm)
20 -30 40 -5 60 -70 -8 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22

f1 (ppm)

S-132



'H NMR for intermediate for the synthesis of compound 29.
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BBC NMR for intermediate for the synthesis of compound 29.
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F NMR for intermediate for the synthesis of compound 29.
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'"H NMR for compound 29.
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B3C NMR for compound 29.
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F NMR for compound 29.
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'H NMR for intermediate for synthesis of compound 30.
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F NMR for intermediate for synthesis of compound 30.
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'H NMR for intermediate for synthesis of compound 30.
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B3C NMR for intermediate for synthesis of compound 30.
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F NMR for compound intermediate for synthesis of compound 30.
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'H NMR for compound 30.
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F NMR for compound 30.

&, -
o
1
.
o
1
N
° /
1
.
o
1
5
o
1
.
o
1
.
o .
o N ] f .
F_192'59
- F_192'60
- -192.62
] | -192.63
’--192.66
1 ’--192.68
- -192.69
T - -192.70
4 - -192.71
/- -192.72

LLHQD

0¢ punodwod
4

O0gHN

zHu 127 Pa 9 “UIAIN 46
Sd10

(wdd) 1)

0ST- 0ZI- OIT- 00I- 06-
(wdd) 14

08'Z6T- 0LT6T- 09°C6T-

ovT-
06°¢6T-

08T- 0/T- 09T- O0ST-

06T-

\--192.73
\ -192.73
\ -192.74
| -192.75
L -192.76
L -192.79
L -192.82
| -192.82
| -192.85
L-192.85

00¢-

0T¢-

S-147



S8 06

(wdd) 14
o€ &§€¢ Oy S 0S5 &S 09 SS9 0L &L 08

S'¢

ST 0'¢

(U

00 S0

S'0-

1
-
o

'H NMR for compound 31.

1.001

1174
1.05¢
0.96_

2.73=
0.91=

1€ punodwod
4

zH 005 “ °a %2 “WAIN H)
HO

LLHQD

3NC00

90gHN

F7'16 C6D6
- 5.10
- 5.08
- 4.67
- 4.66
I 4.65
- 4.64
I 4.63
- 4.57
- 4.56
- 4.56

T

9’1 89T

(wdd) 14

09'T

(wdd) 1)
v0'€ 90°€ 80'€ OT'E

ST'S

0T'S

— — 3.07
- — 3.07

(wdd) 1)

S0's

_~1.69

— 1.64
_~1.63

\
(wdd) 14
Ty Th €v vb St 9v L
1

~1.61

— 1.60

F4.55
- 4.55
- 4.54
- 4.38
- 4.37
- 4.37
- 4.36
- 4.35

F4'35
4.33
4.33
4.32
4.31
4.31
4.30
4.12
4.11
4.10
3.29
3.07
3.07
1.69
1.68
1.67
1.66
1.65
1.65

- 1.63
- 1.63
- 1.62
- 1.61
- 1.60
- 1.41
1.24
L 1.23

¥8°0

- —0.83

80

—0.81

(wdd) 14

(wdd) 14
1
SO'T OT'T ST'T 0C'T ST'T

080
|

— 0.80

8/4°0

S-148

1.23
1.22
1.21
1.19
1.18
1.17
1.16
1.15
1.13
1.12
1.11
1.10
1.10
L 1.09
| 1.08
L 1.07
L 1.06
L 1.06
L 1.05
L 0.83
1 0.81

L0.80



BBC NMR for compound 31.

.
O =0 o
= &9 T
= 3 =
o
= =0 n
© T c
o - 3 =
[2RS) T
- = w O o — 173.98
. o= T e
N o O o
o - (®]
- (%)
N =
— o )
2 T
- N — 155.80
—_
g
o
=
NE
o
=
o
o —123-06-C6D6
—_
S
o
= =
-
o
=
5 -
o
vy _-93.21
~ ~91.83
T 9O+
O ©
3
p
o0 _
* 79.62
N - —70.34
o
8 -
55.76
55.61
o - 52.43
o
N
o
32.03
_é31.87
w 31.78
© ~28.32
st.oo
\24.97
N1 22.79
—14.17
g .
o
1
A
o

$-149



(wdd) 14
00¢- 06T- 08T- 0/T- 09T- 0ST- ObI- OET- OCTI- OTT- OOT- 06- 08 0Z- 09- 0S- Ob- 0€- 0¢- OF- O 0T 0¢

0T¢-

N
“F NMR for compound 31.

S-150

20 O
mno T
4 3 jary
=3
A "
oa =
o8 8 3
=) T O o
. 9
N =
- [
=
I
N
1
N
©o
w
o
o
, ~-193.06
N
5 _-193.10
w ~--193.11
- -193.13
-
- @ Z -193.15
= _--193.16
T - -193.18
g S —-193.20
S ~-193.21
=) — -193.24
~-193.25
iR ~-193.27
© ~\-193.29
w _--193.32
w
o
1
N
O
_w
N
o
[-193.06
- -193.10
--193.11
--193.13
--193.15
--193.16
J--193.18
N -193.20
\ -193.21
| -193.24
| -193.25
L -193.27
| -193.29
-193.32



'H NMR for precursor to compound 32.
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BBC NMR for precursor to compound 32.
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F NMR for precursor to compound 32.
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F NMR for compound 32.
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VII. X-ray Crystallographic Data.
Crystallographic Experimental Section for 7a. CCDC number 1548236

Data Collection. A colorless crystal with approximate dimensions 0.40 x 0.30 x 0.20 mm® was
selected under oil under ambient conditions and attached to the tip of a MiTeGen MicroMount®©.
The crystal was mounted in a stream of cold nitrogen at 100(1) K and centered in the X-ray beam
by using a video camera.

The crystal evaluation and data collection were performed on a Bruker Quazar SMART
APEXII diffractometer with Mo K, (A =0.71073 A) radiation and the diffractometer to crystal
distance of 4.96 cm."

The initial cell constants were obtained from three series of  scans at different starting
angles. Each series consisted of 12 frames collected at intervals of 0.5° in a 6° range about the ®
axis. The reflections were successfully indexed by an automated indexing routine built in the
APEXII program suite. The final cell constants were calculated from a set of 9724 strong
reflections from the actual data collection.

The data were collected by using the full sphere data collection routine to survey the
reciprocal space to the extent of a full sphere to a resolution of 0.79 A. A total of 60494 data
were harvested by collecting 4 sets of frames with 0.5° scans in ® and ¢ with exposure times of
40 sec per frame. These highly redundant datasets were corrected for Lorentz and polarization
effects. The absorption correction was based on fitting a function to the empirical transmission
surface as sampled by multiple equivalent measurements.?

Structure Solution and Refinement

The systematic absences in the diffraction data were consistent for the space groups P1

and P1. The E-statistics strongly suggested the centrosymmetric space group P1 that yielded
chemically reasonable and computationally stable results of refinement.*

A successful solution by the direct methods provided most non-hydrogen atoms from the
E-map. The remaining non-hydrogen atoms were located in an alternating series of least-squares
cycles and difference Fourier maps. All non-hydrogen atoms were refined with anisotropic
displacement coefficients. All hydrogen atoms (except those attached to N atoms) were included
in the structure factor calculation at idealized positions and were allowed to ride on the
neighboring atoms with relative isotropic displacement coefficients.

There are four symmetry-independent diastereomers in the asymmetric unit. The chiral
centers C7, C10, and C11 in molecules Sil and Sila are S,R,R, whereas in molecules Silb and
Silc/d/e the configurations are R,S,S.

There is positional disorder in two parts of molecule Silc/d/e. The SiMe,'Bu group is
disordered over three positions in a 55.9(2) : 32.1(2) : 12.0(2) ratio. The n-butyl section of the 1-
fluorohexyl is disordered over two positions with the major component occupancy of 74.5(10)%.
The disordered parts were refined with restraints and constraints.
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The crystal selected for the single-crystal X-ray diffraction experiment proved to be a
non-merohedral twin with a 41.68(9)% second component contribution. The twin components
are related by a 180.0° rotation about the a axis.

The final least-squares refinement of 1061 parameters against 17804 data resulted in
residuals R (based on F? for 1>26) and wR (based on F? for all data) of 0.0498 and 0.1337,
respectively. The final difference Fourier map was featureless.

Summary

Crystal Data for C16H34FNO4SSi (M =383.59 g/mol): triclinic, space group P-1 (no.
2),a= 14.494(5) A, b= 15.866(5) A, c= 18.793(9) A, a = 96.478(14)°, = 90.043(10)°, y =
90.052(18)°, V = 4294(3) A®, 2 =8, T = 100.01 K, p(MoKa) = 0.233 mm™, Dcalc = 1.187 g/cm®,
60494 reflections measured (2.18° < 20 < 53.212°), 17804 unique (Rint= 0.0584, Rsigma =
0.0680) which were used in all calculations. The final R; was 0.0498 (I > 2o(I)) and WR;, was
0.1337 (all data).
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Figure S-1. A molecular drawing of the Sil diastereomer in 7a shown with 50% probability

ellipsoids. Among the H atoms, only H atoms on the chiral C atoms and N atom are shown.

Figure S-2. A molecular drawing of the Sila diastereomer in 7a shown with 50% probability

ellipsoids. Among the H atoms, only H atoms on the chiral C atoms and N atom are shown.

Figure S-3. A molecular drawing of the Silb diastereomer in 7a shown with 50% probability

ellipsoids. Among the H atoms, only H atoms on the chiral C atoms and N atom are shown.
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Figure S-4. A molecular drawing of the Silc/d/e diastereomer in 7a shown with 50%
probability ellipsoids. All positions of the disordered atoms in the SiMe,'Bu group and n-Bu

fragments are shown. Among the H atoms, only H atoms on the chiral C atoms and N atom are

shown.

Figure S-5. A molecular drawing showing all diastereomers in 7a superimposed. For the
Silc/d/e molecule only the major disorder component, Sila was chosen. Note that molecules
Silb and Silc/d/e had to be inverted due to their opposite absolute configuration. All H atoms

are omitted.
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Table S-1. Crystal data and structure refinement for 7a.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

y/°

Volume/A®

z

Pcalcg/Cm3

w/mm™

F(000)

Crystal size/mm?®
Radiation

7a
C16H34FNO4SSi
383.59

100.01

triclinic

P1

14.494(5)
15.866(5)
18.793(9)
96.478(14)
90.043(10)
90.052(18)
4294(3)

8

1.187

0.233

1664.0
0.4x03x0.2
MoKa (A =0.71073)

20 range for data collection/°2.18 to 53.212

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F
Final R indexes [[>=2c ()]
Final R indexes [all data]

-18<h<18§,-19<k<19,-23<1<23

60494

17804 [Rint = 0.0584, Rsigma = 0.0680]

17804/278/1061

1.090

R1 =0.0498, wR, = 0.1246
R1 =0.0690, wR, = 0.1337

Largest diff. peak/hole / e A 0.47/-0.65

Table S-2. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A?x10%) for 7a. Ueq is defined as 1/3 of of the trace of the orthogonalised

U, tensor.
Atomx

S1 10315.4(6)
Sil  7780.2(7)
Ol 8715.6(16)

Cl 7338(3)
C2  8834(3)
C3  8667(4)

y z
5623.0(6) 6427.4(4)
2955.5(6) 6571.4(5)
3524.6(14) 6428.2(11)
1479(3) 7177(2)
1468(3) 6546(2)
2335(3) 7734(2)
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U(eq)
26.15(19)
27.2(2)
27.5(5)
46.5(11)
51.6(12)
54.9(12)



C4
C5
C6
C7
F1
02
03
04
N1
C8
C9
C10
Cl1
C12
C13
Cl4
C15
C16
S1A

8179(3)
6991(2)
7201(3)
8877(2)
11377.8(14)
9386.5(16)
10364.0(17)
10989.2(17)
10264(2)
8291(2)
8535(2)
9915(2)
10460(2)
10122(2)
10722(3)
10371(3)
9407(3)
9101(3)
10378.3(6)

Si1A 7732.0(7)

F1A
O1A
02A
O3A
O4A
N1A
C1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A

11297.9(14)
8681.7(16)
9450.1(16)
10479.8(18)
11041.7(17)
10268(2)
7279(3)
8788(3)
8594(4)
8116(3)
6938(3)
7151(2)
8827(2)
8291(3)
8591(2)

C10A9879(2)
C11A10384(2)
C12A9986(3)
C13A10557(3)
C14A10126(3)

C15A9221(3)
C16A8847(3)

2022(2)
3622(2)
2593(2)
3937(2)
3499.9(13)
5883.2(15)
5960.7(15)
5887.6(16)
4617.9(18)
4730(2)
5488(2)
4081(2)
3264(2)
2608(2)
1823(2)
1189(2)
824(2)
183(3)
4552.6(6)
7078.5(6)
6699.1(13)
6546.0(15)
4214.4(15)
4243.1(15)
4321.0(16)
5557.9(18)
8539(3)
8584(3)
7713(3)
8016(2)
6385(2)
7441(2)
6125(2)
5285(2)
4566(2)
6032(2)
6886(2)
7491(2)
8293(2)
8917(2)
9299(2)
9946(3)
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7030.7(19)
7157.3(18)
5697.8(18)
5798.5(16)
5522.3(12)
6079.7(12)
7165.8(12)
5949.0(13)
6396.5(14)
5777.4(17)
6308.7(18)
5757.7(17)
5674.0(19)
5093.1(18)
4983(2)
4370(2)
4461(2)
3834(2)
8604.5(4)
8425.8(5)
9620.2(11)
8591.2(12)
8900.8(12)
7869.9(12)
9110.2(13)
8655.6(15)
7795(2)
8447(2)
7258(2)
7965.8(18)
7836.7(18)
9286.1(18)
9214.0(18)
9179.1(18)
8652.5(19)
9293.2(18)
9435.5(19)
10028.7(19)
10213(2)
10790(2)
10579(2)
11153(2)

35.4(9)
34.2(9)
33.6(8)
24.7(7)
39.2(5)
27.4(5)
31.0(5)
32.4(6)
25.5(6)
24.8(7)
28.3(8)
24.9(7)
30.0(8)
29.3(8)
39.2(9)
43(1)
37.4(9)
53.5(12)
26.60(19)
25.8(2)
38.4(5)
27.1(5)
29.5(6)
32.8(6)
30.9(6)
27.2(6)
45.5(10)
49.8(11)
57.0(13)
31.6(8)
32.0(8)
30.3(8)
25.6(7)
28.1(8)
29.1(8)
26.5(7)
29.3(8)
30.8(8)
39.4(9)
39.4(9)
38.3(9)
51.0(11)



S1B

SilB
F1B

O1B
02B
03B
04B
N1B
CiB
C2B
C3B
C4B
CsB
ceB
C7B
C8B
CcoB

4938.4(6)
3190.5(7)
6594.4(13)
3955.6(16)
4002.1(17)
4825.6(17)
5581.3(18)
5155(2)
3202(3)
4436(3)
4533(3)
3872(3)
2499(3)
2417(3)
4024(2)
3261(2)
3255(2)

C10B 4996(2)
C11B5743(2)
C12B5652(2)
C13B 6443(3)
C14B 6211(3)
C15B 6979(3)
C16B 6698(4)

S1C
SilC
01C
CiC
C2C
C3C
C4C
C5C
C6C
ciC
SilE
ClE
C2E
C3E
C4E
C5E
C6E

4824.4(6)
3221.9(14)
3895.0(17)
2902(8)
3002(6)
4433(5)
3388(4)
3662(6)
1976(4)
4056(2)
3161(4)
3160(15)
4360(17)
4513(15)
3835(9)
2364(11)
2484(12)

Si1D 3651(2)

4500.5(5)
7449.9(6)
6347.3(14)
6797.7(15)
4429.7(15)
4160.5(14)
4119.4(16)
5491.2(18)
8952(3)
8830(3)
7998(3)
8345(2)
6864(3)
7863(3)
6432(2)
5780(2)
4978(2)
6073(2)
6759(2)
7437(2)
8084(2)
8867(2)
9517(3)
10309(3)
5550.1(5)
2314.6(12)
3192.0(14)
1203(5)
2719(5)
1984(5)
2040(4)
1466(6)
2496(5)
3569(2)
2577(4)
1015(11)
2038(15)
1305(13)
1693(7)
2134(11)
3185(11)
2193(2)
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6301.7(4)
7134.3(5)
5890.8(12)
6740.7(12)
5872.3(13)
6966.4(12)
5793.0(13)
6485.4(15)
8066(2)
7143(2)
8183(2)
7650.7(19)
7747(2)
6450(2)
6003.6(17)
5794.8(18)
6160.2(19)
5938.4(18)
6024.7(19)
5524.2(19)
5583(2)
5227(2)
5232(2)
4904(3)
8691.7(4)
8156.4(11)
8348.7(12)
6926(5)
6753(4)
7020(4)
7175(3)
8665(6)
8379(4)
9060.8(16)
7883(4)
7030(14)
6755(10)
7859(11)
7363(7)
8510(9)
7257(8)
7990.3(18)

27.34(19)
31.6(2)
38.1(5)
27.7(5)
31.2(6)
30.7(5)
34.0(6)
25.7(6)
53.7(12)
55.1(12)
45.6(10)
36.9(8)
44.7(10)
44.9(10)
26.4(8)
28.6(8)
29.8(8)
25.4(7)
29.1(8)
30.5(8)
35.9(9)
41.7(9)
47.3(10)
62.0(13)
25.40(19)
28.4(4)
31.5(6)
66(3)
47(2)
48(2)
45.3(16)
45(3)
45.5(18)
27.1(8)
28.4(4)
32(4)
34(3)
36(4)
33(3)
34(3)
33(6)
28.4(4)



CiD
C2D
C3D
C4D
CsD
CeD
F1C
02C
03C
04C
N1C
csC
CoC

2393(10)
1763(7)
2742(12)
2621(6)
4640(7)
3344(10)
6624.4(14)
3913.1(17)
5473.7(17)
4646.5(18)
5075(2)
3293(2)
3182(3)

C10C 5021(2)
C11C 5801(2)
C12C 5836(3)
C13C 6739(5)
C14C 6756(4)
C15C 6173(4)
C16C 6223(6)
C13D 6484(16)
C14D6353(14)
C15D 6980(13)
C16D 6754(19)

Table S-3. Anisotropic Displacement Parameters (A?x10%) for 7a. The Anisotropic

1457(7)
2480(9)
3033(8)
2286(6)
1727(8)
1528(10)
3847.0(13)
5574.1(15)
5985.9(15)
5860.6(14)
4567.8(17)
4180(2)
4957(2)
3991(2)
3364(2)
2679(2)
2180(4)
1380(4)
654(4)
-147(4)
1979(12)
1281(11)
549(9)
-235(13)

6937(7)
7868(7)
6956(8)
7396(5)
7475(7)
8724(8)
9051.3(12)
9143.3(12)
9176.2(12)
8021.6(12)
8518.8(14)
9306.6(18)
8914.7(19)
9078.3(18)
8959.3(19)
9455.5(19)
9389(5)
9763(4)
9402(3)
9773(4)
9237(14)
9713(11)
9507(10)
9857(15)

53(3)
63(3)
58(4)
46(2)
58(3)
34(3)
38.9(5)
28.6(5)
31.0(6)
29.0(5)
23.3(6)
28.8(8)
30.2(8)
23.2(7)
28.9(8)
30.7(8)
37.1(19)
35.4(15)
47.8(17)
54.9(18)
47(7)
37(5)
57(6)
65(6)

displacement factor exponent takes the form: -2a’[h%a*?U.;+2hka*b*Uyo+...].
AtomUy;

S1

Sil
o1
C1
C2
C3
C4
C5
C6
C7
F1

02
03
04

22.4(4)
24.8(5)
25.3(12)
59(3)
59(3)
68(3)
42(2)
25.7(19)
33(2)
23.5(17)
24.6(11)
23.4(13)
32.1(13)
28.2(13)

U2
35.7(5)
34.4(5)
35.5(13)
40(2)
49(3)
55(3)
33(2)
51(2)
36(2)
31.7(18)
43.0(12)
34.0(13)
39.6(14)
43.2(14)

Uss
21.9(4)
23.5(5)
235(12)
42(2)
52(3)
47(3)
33(2)
27.0(19)
33(2)
19.9(17)
50.9(13)
26.6(13)
21.7(11)
27.7(13)
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U2z
9.9(3)
9.0(4)
11.7(10)
13.8(19)
26(2)
27(2)
12.1(16)
7.6(17)
8.4(16)
8.0(14)
9.6(10)
11.1(10)
5.8(10)
12.2(11)

Uiz
0.3(3)
1.6(4)
10.2(10)
9(2)
20(2)
[15(2)
5.0(18)
-1.2(15)
2.0(17)
2.2(14)
4.2(9)
-1.9(10)
-1.3(10)
3.8(10)

U
-2.0(4)
-2.7(4)
-2.4(10)
-6(2)
20(2)
-4(2)
0.1(17)
-4.9(17)
-4.5(17)
0.5(14)
2.1(9)
-2.1(10)
-2.8(11)
-3.6(11)



N1

C8

C9

C10
Cl1
C12
C13
Cl4
C15
C16
S1A

23.9(14)
21.2(17)
20.7(18)
20.6(17)
25.2(18)
30.0(19)
32(2)
48(2)
41(2)
61(3)
24.2(4)

Si1A 23.4(5)

F1A
O1A
02A
O3A
O4A
N1A
CI1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A

26.2(11)
22.6(12)
25.6(13)
41.5(15)
25.1(13)
28.0(15)
51(3)

49(3)

80(4)

32(2)

27.8(19)
28.3(19)
21.0(17)
24.1(18)
21.1(18)

C10A22.8(18)
C11A20.1(17)
C12A26.2(18)
C13A31(2)
C14A45(2)
C15A34(2)
C16A58(3)

S1B

SilB
F1B

O1B
02B
03B
04B
N1B

30.2(5)

29.0(5)

19.3(10)
27.2(13)
34.2(14)
35.6(14)
38.8(15)
26.7(16)

34.5(16)
33.9(18)
38(2)
35.8(19)
33.6(18)
30.9(18)
34(2)
36(2)
35(2)
40(2)
36.8(5)
32.8(5)
42.5(12)
36.8(13)
34.7(13)
38.9(13)
44.1(15)
34.0(15)
42(2)
49(3)
48(3)
38(2)
43(2)
33.6(19)
32.9(18)
35.6(19)
36(2)
33.8(18)
38.8(19)
32.2(19)
39(2)
33(2)
37(2)
41(2)
31.9(5)
38.0(5)
50.3(13)
34.1(13)
33.0(13)
33.3(13)
40.1(14)
32.4(15)

19.7(14)
20.6(16)
28.4(19)
19.9(16)
33.0(19)
29.2(18)
52(2)
46(2)
37(2)
59(3)
20.2(4)
22.9(5)
46.1(13)
24.5(12)
30.2(13)
18.5(11)
25.2(12)
21.5(14)
47(2)
56(3)
47(3)
27.3(19)
26.6(18)
30.2(19)
23.9(17)
26.5(17)
30.8(19)
24.3(17)
30.8(18)
34.8(19)
48(2)
40(2)
44(2)
54(3)
20.9(4)
28.7(5)
47.9(13)
22.3(12)
26.4(13)
24.1(12)
23.6(13)
19.3(14)
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9.3(12)
9.2(14)
12.1(15)
10.4(14)
11.7(15)
12.1(14)
9.4(18)
11.2(18)
8.9(16)
3(2)
9.4(3)
10.3(4)
3.9(10)
15(1)
11.7(11)
5.4(10)
10.8(11)
11.0(12)
18.3(19)
28(2)
21(2)
13.9(15)
7.4(16)
7.9(15)
8.2(14)
12.2(15)
7.8(16)
9.3(14)
12.0(15)
7.1(15)
5.3(18)
5.4(16)
6.3(17)
2(2)
7.5(3)
8.4(4)
18.6(10)
5.2(10)
3.9(11)
7.5(10)
5.6(11)
8.4(12)

-1.7(12)
-1.5(14)
2.3(14)
-0.7(13)
4.4(15)
4.3(15)
9.1(18)
19(2)
0.9(17)
-1(2)
0.0(3)
0.2(4)
-5.2(9)
1.9(10)
1.1(10)
1.6(10)
-4.9(10)
1.2(12)
-6(2)
-13(2)
30(3)
0.7(16)
1.8(15)
-0.7(15)
-1.1(14)
-1.9(15)
-4.8(15)
1.3(14)
-4.2(14)
-4.2(15)
-5.8(17)
-5.8(18)
0.6(17)
10(2)
0.0(4)
-0.1(4)
-0.3(9)
-0.2(10)
-7.2(11)
1.7(10)
5.3(11)
0.5(12)

-2.1(12)
0.6(14)
-1.3(15)
-0.3(14)
1.0(15)
2.6(15)
6.3(16)
9.5(18)
11.1(17)
10(2)
3.4(4)
1.1(4)
-1.6(9)
1.4(10)
2.5(10)
6.6(11)
4.9(11)
2.1(13)
7(2)
-16(2)
6(2)
0.2(16)
2.6(16)
1.4(16)
0.5(14)
0.8(15)
-2.9(15)
0.9(14)
-3.2(15)
-0.2(15)
1.2(17)
-4.2(17)
-0.3(17)
-1(2)
3.6(4)
9.1(4)
3.7(9)
7.1(10)
0.9(11)
2.4(11)
12.0(12)
2.4(13)



CiB
C2B
C3B
C4B
CsB
ceB
C7B
C8B
coB

68(3)
70(3)
46(2)
41(2)
30(2)
46(2)
24.6(18)
20.8(17)
19.8(17)

C10B 28.7(18)
C11B 18.9(17)
C12B29.9(19)
C13B33(2)
C14B 41(2)
C15B 47(2)
C16B61(3)

S1C
SilC
01C
CicC
C2C
C3C
C4C
C5C
C6C
C7C
SilE
ClE
C2E
C3E
C4E
C5E
C6E
SilD
CiD
C2D
C3D
C4D
C5D
Ce6D
F1C
02C

28.4(5)
28.7(11)
35.7(14)
96(8)
57(5)
57(4)
53(4)
42(6)
33(4)
29.7(19)
28.7(11)
39(7)
42(6)
40(7)
36(5)
42(6)
43(10)
28.7(11)
55(7)
55(4)
64(8)
48(4)
48(5)
21(7)
25.7(11)
26.1(13)

48(2)
41(2)
42(2)
35(2)
61(3)
47(2)
32.9(19)
41(2)
35.4(19)
30.3(18)
41(2)
35.6(19)
41(2)
37(2)
42(2)
39(2)
28.9(4)
28.5(8)
32.1(13)
54(5)
56(5)
50(5)
50(4)
38(5)
37(4)
29.4(18)
28.5(8)
30(6)
31(6)
36(8)
32(4)
31(6)
34(10)
28.5(8)
47(5)
60(7)
56(6)
41(4)
47(7)
41(7)
43.4(12)
35.8(14)

43(2)
54(3)
47(2)
34.6(19)
46(2)
41(2)
23.4(18)
25.1(17)
34.4(19)
18.6(16)
29.5(19)
27.7(18)
36(2)
48(2)
55(3)
87(4)
20.0(4)
29.3(10)
26.6(13)
45(5)
29(4)
35(4)
33(3)
58(5)
67(5)
23.3(17)
29.3(10)
28(8)
30(5)
33(7)
32(5)
30(5)
22(8)
29.3(10)
55(6)
73(6)
58(7)
48(4)
77(7)
40(5)
51.6(13)
24.0(12)

-2.8(19)
8(2)
-4.8(18)
2.7(16)
13(2)
5.2(18)
10.4(15)
8.6(15)
4.7(15)
8.6(13)
11.5(16)
10.2(15)
14.8(17)
11.5(18)
14.9(19)
16(2)
7.5(3)
8.7(7)
3.7(10)
-2(4)
9(3)
-2(4)
6(3)
23(4)
5(4)
7.6(14)
8.7(7)
10(5)
2(4)
5(6)
6(3)
2(4)
1(7)
8.7(7)
3(4)
1(5)
16(5)
6(3)
-6(6)
15(5)
22.4(10)
3.8(10)
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-3(2)
6(2)
-11(2)
0.7(16)
7.6(17)
-5.9(18)
-1.4(14)
0.0(14)
0.7(15)
1.5(14)
-1.0(14)
-2.4(14)
-1.1(16)
-4.1(19)
0(2)
2(3)
0.9(3)
-1.8(8)
-5.0(11)
-8(5)
-5(3)
1(3)
-2(3)
-12(4)
3(3)
-2.9(15)
-1.8(8)
-7(6)
-1(5)
-4(6)
-3(4)
-1(5)
2(7)
-1.8(8)
-22(5)
-16(4)
-39(5)
-24(3)
17(5)
-9(4)
4.3(10)
4.6(10)

26(2)
-6(2)
2.5(19)
8.6(17)
4.1(19)
21.5(19)
2.2(15)
1.0(15)
-1.8(15)
2.6(15)
0.4(15)
-1.0(15)
-7.0(16)
-6.9(18)
-4.2(19)
-6(2)
-3.2(4)
-1.5(8)
-4.2(11)
-33(5)
-11(4)
-6(3)
-15(3)
-6(4)
-3(3)
-5.8(15)
-1.5(8)
-1(5)
-6(5)
4(6)
0(4)
-6(5)
12(8)
-1.5(8)
-10(4)
0(4)
-14(5)
-5(3)
-5(4)
-8(5)
-1.9(9)
-1.6(11)



03C 32.4(14) 36.0(13) 25.3(12)
04C 37.3(14) 32.0(12) 19.2(11)
N1C 24.9(15) 25.9(14) 20.2(14)
C8C 20.7(17) 38.1(19) 29.4(18)
CIC 23.2(17) 37(2) 30.9(18)
C10C 23.0(17) 27.5(17) 20.3(16)
C11C 29.0(19) 33.4(19) 25.2(18)
C12C 32.6(19) 33.5(19) 27.1(18)
C13C 38(3) 30(3) 45(4)

C14C 23(3) 43(3) 43(3)

C15C 52(4) 42(3) 52(3)

C16C 58(4) 43(3) 66(4)
C13D63(13) 38(7) 41(10)
C14D36(11) 41(7) 34(8)
C15D61(12) 37(7) 72(11)
C16D70(15) 46(8) 82(15)
Table S-4. Bond Lengths for 7a.

Atom Atom Length/A Atom Atom Length/A
S1 02 157202 O1B C7B 1.444(4)
SI 03 1.432(2) 02B C9B 1.456(4)
S1 04 1.423(3) N1B C10B 1.475(4)
S1 N1 1591(3) C1B C4B 1521(5)
Sil 01 1.667(2) C2B C4B 1.527(5)
Sii C4 1.888(3) C3B C4B 1.530(5)
Sil C5 1.839(4) C7B C8B 1.533(5)
Sil C6 1.875(4) C7B C10B1.521(5)
Ol C7 1.434(3) C8B C9B 1.513(5)
Cl C4 1534(5) C10B C11B 1.529(5)
C2 C4 1525(5) C11B C12B 1.513(5)
C3 C4 1531(5) C12B C13B 1.534(5)
C7 C8 1523(4) C13B C14B 1.512(5)
C7 Cl0 1524(5) C14B C15B 1.516(5)
FL  Cl11 1.419(4) C15B C16B 1.517(5)
02 C9 1471(4) SIC 02C 1.569(3)
N1 C10 1.481(4) SIC 03C 1.431(3)
C8 C9 1515(5) SIC O4C 1.426(2)
C10 Cl1 1511(5) S1IC NIC 1.598(3)
Cll C12 1.503(5) Si1C 01C 1.704(3)
Cl2 C13 1.515(5) Si1C CAC 1.862(5)
C13 Cl4 1529(6) SilC C5C 1.851(6)
Cl4 CI15 1.529(6) SilC C6C 1.870(6)
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6.2(10)
8.9(9)
7.1(12)
11.6(15)
7.8(15)
8.1(13)
7.8(15)
8.1(15)
12(3)
19(2)
16(3)
16(3)
4(7)
1(6)
9(7)
16(8)

-1.6(11)
-0.6(10)
0.3(12)
1.6(14)
-1.1(15)
0.9(13)
2.9(15)
2.8(15)
7(3)
1(3)
-8(3)
-8(4)
9(10)
7(9)
24(9)
4(13)

-9.6(11)
2.8(11)
-1.0(12)
-2.8(15)
-4.3(16)
-3.7(14)
-1.3(15)
2.1(15)
7(3)
2(2)
3(3)
3(3)
9(8)
10(7)
19(7)
9(9)



C15 Ci16 1.531(6) 0O1C C7C 1.422(3)

S1A 0O2A 1.573(3) O1C SilE 1.629(4)

S1A O3A 1.420(2) O1C SilD 1.688(4)

S1A O4A 1.429(2) C1C C4C 1.528(7)

S1IA N1A 1.595(3) C2C C4C 1.517(7)

SilA O1A 1.663(2) C3C C4C 1.544(8)

SilA C4A 1.887(4) C7C C8C 1.510(5)

SilA C5A 1.866(4) C7C C10C1.550(5)

SilA C6A 1.857(4) SilE C4E 1.890(5)

F1A C11A1.409(4) SilE C5E 1.845(6)

O1A C7A 1.427(4) SilE C6E 1.880(6)

O2A C9A 1.462(4) ClE C4E 1.534(7)

N1A C10A1.456(4) C2E CA4E 1.525(7)

C1A C4A 1.525(5) C3E C4E 1.531(7)

C2A C4A 1.546(5) SilD C4D 1.880(7)

C3A C4A 1.529(5) SilD C5D 1.838(7)

C7A C8A 1.538(5) SilD C6D 1.882(8)

C7A C10A1.540(5) C1D C4D 1.525(8)

C8A C9A 1.489(5) C2D C4D 1.538(9)
C10AC11A1.537(5) C3D C4D 1.530(9)
C11AC12A1.502(5) F1C C11C1.418(4)
C12AC13A1.523(5) 02C C9C 1.473(4)
C13AC14A1.519(5) N1C C10C1.471(4)
C14AC15A1.517(5) C8C C9C 1.514(5)

C15A C16A1.504(6) C10C C11C1.507(5)

S1B 02B 1.576(3) C11C C12C1.510(5)

S1B 03B 1.425(2) C12C C13C 1.529(7)

S1B 0O4B 1.421(3) C12CC13D1.479(15)

S1B N1B 1.601(3) C13C C14C 1.520(6)

SilB O1B 1.636(2) C14C C15C 1.524(7)

SilB C4B 1.903(4) C15C C16C 1.519(8)

SilB C5B 1.853(4) C13DC14D1.511(14)

SilB C6B 1.879(4) C14DC15D1.491(14)

F1B C11B1.406(4) C15DC16D 1.508(14)

Table S-5. Bond Angles for 7a.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
02 S1 N1 104.78(14) C1B C4B SilB 108.8(3)
03 S1 02 110.92(14) ClB C4B C2B 109.2(3)
O3 S1 N1 107.55(14) C1B C4B C3B 108.6(3)
04 S1 02 102.43(13) C2B C4B SilB 111.0(3)
04 S1 O3 118.34(16) C2B C4B C3B 108.5(3)
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O4
o1
o1
o1
C5
C5
C6
C7
C1
C2
C2
C2
C3
C3
o1
o1
C8
C9
C10
C9
02
N1
N1
Cil1
F1
F1
Ci12
Cl1
C12
C13
Cl4
O2A
O3A
O3A
O3A
O4A
O4A
O1A
O1A
O1A
C5A
C6A

S1

Sil
Sil
Sil

N1
C4
C5
C6

Sil C4
Sil C6
Sil C4
01 sil
C4 Sil
C4 Sil
C4 C1
C4 C3
C4 Sil
C4 C1
Cr C8
Cr C10
Cr C10
02 8S1
N1 S1
c8 Cv
C9 C8
Ci0 C7v
C10 Ci11
Ci10 Cv
Cl1 C10
Cl1 C12
Cl1 C10
Cl2 Ci13
Ci3 C14
C14 C15
C15 Ci6
S1IA NIA
S1A O2A
S1IA O4A
SIA NIA
S1A O2A
S1IA NIA
SilA C4A
SilA C5A
SilA C6A
SilA C4A
SilA C4A

111.97(16)
106.97(15)
108.50(15)
109.88(14)
110.21(17)
110.17(17)
111.02(17)
124.9(2)
108.9(3)
110.3(2)
107.8(3)
109.7(4)
110.0(3)
110.2(3)
112.6(3)
106.7(3)
114.9(3)
117.14(19)
121.9(2)
116.7(3)
109.6(3)
111.8(3)
108.3(3)
113.0(3)
105.6(3)
109.6(3)
114.9(3)
113.8(3)
111.9(3)
116.4(3)
113.8(3)
105.74(15)
109.83(15)
119.33(15)
107.62(15)
102.49(14)
110.99(16)
106.54(15)
110.04(15)
109.13(14)
110.63(16)
110.49(17)

C3B C4B
O1B C7B
O1B C7/B
Ci10BC7B

CcoB
02B
N1B
N1B
C7B
F1B
F1B

02C
03C
03C
04C
04C
04C
01C
0O1C
0o1C
CaC
C5C
CsC
Cr7C
ciC
crC
Ci1C
Ci1C
c2C
c2C
c2C
C3C
0O1C
0O1C
Cc8C
o1C
0O1C

C8B
CoB

Si1B 110.7(3)
C8B 112.5(3)
C10B 104.4(3)
C8B 114.3(3)
C7B 117.7(3)
C8B 109.0(3)

C10BC7B 110.3(3)
C10B C11B 108.0(3)
C10B C11B 113.1(3)
C11B C10B 107.0(3)
C11B C12B 108.3(3)
C12B C11B C10B 114.8(3)
C11B C12B C13B 114.1(3)
C14B C13B C12B 112.2(3)
C13B C14B C15B 115.3(3)
C14B C15B C16B 113.3(4)

S1C

S1C

S1C

S1C

S1C

S1C

SilC
SilC
SilC
SilC
SilC
SilC
0o1C
01C
01C
C4aC
C4aC
C4C
C4C
C4acC
C4acC
C7C
C7C
Cc7C
SilE
SilE
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N1C
02C
N1C
02C
03C
N1C
C4C
CsC
CeC
CeC

105.42(15)
103.20(14)
111.68(15)
109.63(15)
119.34(15)
106.72(14)
103.3(2)
108.5(4)
113.8(3)
111.1(3)
C4C 111.3(4)
C6C 108.7(4)
Si1C 122.6(2)
Si1E 140.8(3)
Si1D 133.3(2)
Si1C 110.0(5)
C3C 111.3(6)
Si1C 111.7(5)
C1C 108.3(6)
C3C 107.0(6)
Si1C 108.5(4)
C8C 110.8(3)
C10C 107.6(3)
C10C 113.2(3)
C4E 107.7(4)
C5E 108.3(5)



C6A SilA C5A

C7A O1A
C9A O2A
C10AN1A
ClA C4A
ClA C4A
Cl1A C4A
C2A C4A
C3A C4A
C3A C4A
Ol1A C7A
O1A C7A
C8A CT7A
C9A CB8A
02A CO9A

Si1A
S1A

S1A

SilA
C2A
C3A
SilA
Si1A
C2A
C8A

109.95(17)
124.8(2)
117.2(2)
120.6(2)
109.7(3)
109.1(3)
107.7(3)
110.8(2)
110.2(3)
109.2(4)
112.0(3)

C10A106.5(3)
C10A 114.3(3)

C7A
C8A

118.4(3)
109.2(3)

NIA C10AC7A 110.6(3)
NIA C10AC11A108.8(3)

O1C SilE C6E 111.0(5)
C5E SilE C4E 109.9(5)
C5E SilE C6E 109.4(5)
C6E SilE C4E 110.5(5)
ClE C4E SilE 109.1(6)
C2E C4E SilE 109.7(6)
C2E CA4E CI1E 107.8(7)
C2E CA4E C3E 109.8(7)
C3E C4E SilE 110.1(6)
C3E C4E CIE 110.3(7)
01C SilD C4D 105.6(3)
01C SilD C5D 110.6(4)
01C SilD C6D 109.6(6)
C4D SilD C6D 109.6(5)
C5D SilD C4D 111.1(5)
C5D SilD C6D 110.2(6)
C1D C4D SilD 112.7(7)

C11ACI0ACT7A 113.3(3)
FIA C11AC10A106.5(3)
FIA C11AC12A108.3(3)
C12AC11AC10A 115.0(3)
C11AC12AC13A114.0(3)
C14AC13AC12A113.5(3)
C15AC14AC13A114.7(3)
C16AC15AC14A112.7(3)

C1D C4D
CiD C4D
C2D C4D
C3D C4D
C3D C4D
C9C 02C
C10CN1C
C7C C8C

C2b
C3D
SilD
SilD
C2b
S1C

S1C

CcoC

104.9(8)
112.9(8)
109.0(7)
110.3(7)
106.7(9)
118.2(2)
120.9(2)
117.4(3)

02B S1B
O3B S1B
03B S1B
04B S1B
O4B S1B
O4B S1B
O1B SilB
O1B SilB
O1B SilB
C5B SilB
C5B SilB
C6B SilB
C7B 0O1B
C9B 0O2B
C10B N1B

N1B
02B
N1B
02B
03B
N1B
C4B
CsSB
CceB
C4B
CeB
C4B
SilB
S1B

S1B

106.85(15)
109.74(15)
107.03(15)
102.73(15)
119.39(15)
110.47(16)
106.06(15)
108.17(16)
110.31(15)
111.16(18)
109.92(19)
111.12(18)
130.3(2)

116.5(2)

119.7(2)

02C C9C C8C 109.4(3)
N1C C10CC7C 109.6(3)
N1C C10C C11C 107.9(3)
C11CC10CC7C 113.4(3)
FIC C11C C10C105.9(3)
FIC C11CC12C108.3(3)
C10C C11C C12C 116.3(3)
C11C C12C C13C 112.3(4)
C13D C12C C11C 114.9(9)
C14C C13C C12C 115.3(5)
C13C C14C C15C 114.4(5)
C16C C15C C14C 113.5(5)
C12C C13D C14D 109.5(14)
C15D C14D C13D111.7(14)
C14D C15D C16D 114.3(16)
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Table S-6. Hydrogen Bonds for 7a.

D H A dD-H/A dH-A/A dD-AYA  D-H-AF
N1 H1 0O3A0.870(10) 2.13(2) 2.914(4) 149(4)
NIAH1AAO3 0.879(10) 2.098(16) 2.944(4) 162(4)
N1B H1BA O4C 0.880(10) 2.109(13) 2.974(4) 167(4)
N1CH1C 03B 0.878(10) 2.114(18) 2.938(4) 156(3)

Table S-7. Torsion Angles for 7a.

A B C D Angle/* A B C D  Angle/
S1 02 C9 C8 -96.4(3) 0O4B S1B 02B C9B -162.3(2)
S1 N1 C10 C7 -90.2(3) O4B S1B N1B C10B69.3(3)
S1 N1 C10 Cl1 144.7(2) N1B S1B 0O2B C9B -46.0(3)
Sil 01 C7 C8 74.2(3) N1B C10BC1l1BF1B 62.7(3)
Sil 01 C7 C10 -158.8(2) N1B C10BC11BC12B-177.1(3)
01 Si1 C4 C1 179.8(2) C4B SilB O1B C7B -130.0(3)
01 Si1 C4 C2 -62.2(3) C5B SilB O1B C7B 110.7(3)
01 Si1 C4 C3 59.0(3) C6B SilB O1B C7B -9.5(3)
01 C7 C8 C9 704(4) C7B C8B C9B 02B -73.7(4)
01 C7 C10 N1 -59.9(3) C7B C10BC1l1BF1B -175.0(3)
01 C7 Cl10 Cl1 62.6(4) C7B C10BC11B C12B-54.8(4)
C4 Sil 0O1 C7 1415(Q3) C8B C7B C10BN1B -68.8(4)
C5 Si1 01 C7 -99.6(3) C8B C7B C10BC11B170.1(3)
C5 Si1 C4 C1 6203 C10BC7B C8B C9B 53.8(4)
C5 Si1 C4 C2 -180.0(3) C10B C11BC12B C13B-176.0(3)
C5 Si1 C4 C3 -58.8(3) C11B C12B C13B C14B -165.0(3)
C6 Si1 01 C7 20.9(3) C12B C13B C14B C15B -177.1(3)
C6 Si1 C4 C1 -60.4(3) C13B C14B C15B C16B -177.0(4)
C6 Si1 C4 C2 57.7() S1C 02C C9C C8C 93.1(3)
C6 Sil1 C4 C3 178.8(3) S1C NI1C C10CC7C 92.6(3)
C7 C8 C9 02 74103 S1C NI1C C10CC11C-143.5(3)
C7 C10 Cl11 F1 170.3(3) SilC O1C C7C C8C -85.3(3)
C7 C10 Cl1 Cl12 49.4(4) SilC O1C C7C C10C 150.5(2)
F1 Cl1l1 Ci12 C13 56.9(4) O1C SilC C4C Ci1C 174.2(6)
02 S1 N1 C10 42.0(3) 0O1C SilC C4C C2C -65.5(5)
03 S1 02 C9 -70.3(3) O1C SilC C4C C3C 52.2(5)
03 S1 N1 Ci10 160.1(2) 01C C7C C8C C9C -64.3(4)
04 S1 02 C9 1625(2) 0O1C C7C CI10CN1C 53.3(3)
04 S1 N1 C10 -68.3(3) 01C C7C C1l0CC11C-67.3(3)
N1 S1 02 C9 455(@) O1C SilE C4E ClE 169.6(11)
N1 C10 Ci11 F1 -65.3(3) O1C SilE C4E C2E -72.5(11)
N1 C10 Ci11 Ci12 173.8(3) O1C SilE C4E C3E 48.5(11)
C8 C7 C10 N1 65.7(3) O1C SilD C4D C1D 171.1(8)
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C8
C10
C10
Cl1
C12
C13
S1A
S1A
S1A
SilA
SilA
F1A
O1A
O1A
O1A
O1A
O1A
O1A
02A
O3A
O3A
O4A
O4A
N1A
N1A
N1A
C4A
C5A
C5A
C5A
C5A
C6A
C6A
C6A
C6A
C7A
C7A
C7A
C8A
C8A

C7 C10 Cl1 -171.8(3)
C7 C8 C9 -52.1(4)
Cll C12 C13 175.7(3)
Cl2 C13 Cl4 -177.9(3)
Cl3 Cl4 Cl15 -62.0(4)
Cl4 C15 Cl16 -179.1(3)
O2A C9A C8A -94.7(3)
N1A C10AC7A -91.5(3)
NIA C10AC11A143.5(2)
O1A C7A C8A 76.1(3)
O1A C7A C10A-158.3(2)
C11AC12AC13A54.8(4)
SilA C4A CI1A 180.0(3)
SilA C4A C2A -59.4(3)
SilA C4A C3A 61.6(3)
C7A C8A C9A 69.5(4)
C7A C10ANI1A -58.3(4)
C7A C10AC11A64.1(4)
SIA NI1A C10A43.9(3)
SIA 02A C9A -70.9(3)
SIA N1A CI10A161.2(3)
SIA 02A C9A 161.3(2)
SIA N1A C10A-66.5(3)
SIA 02A C9A 45.0(3)
CI10AC11AFIA -66.8(3)
C10AC11ACI12A173.3(3)
SilA O1A C7A 143.8(3)
SilA O1A C7A -96.2(3)
SilA C4A CI1A 60.4(3)
SilA C4A C2A -179.0(3)
SilA C4A C3A -58.0(3)
SilA O1A C7A 24.5(3)
SilA C4A CIA -61.6(3)
SilA C4A C2A 59.0(3)
SilA C4A C3A 180.0(3)
C8A C9A O2A 73.3(4)
CI10AC11AFIA 169.8(3)
C10AC11AC12A49.8(4)
C7A C10ANI1A 65.9(4)
C7A C10ACI11A-171.7(3)

CI0AC7A C8A C9A -51.7(4)
C10ACI11AC12AC13A173.8(3)

0o1C
0o1C
C4AC
CsC
Cs5C
Cs5C
CsC
C6C
CeC
CeC
C6C
C7C
Cc7C
Cc7C
C7C
C7C
Cc7C
Cc7C
C7C
C7C
SilE
SilE
CSE
CSE
CSE
C6E
C6E
C6E
SilD
SilD
CsD
C5D
C5D
Ce6D
Ce6D
CeD
F1C
F1C
02C
03C
03C
04C

SilD
SilD
SilC
SilC
SilC
SilC
SilC
SilC
SilC
SilC
SilC
01C
0o1C
0o1C
01C
01C
0o1C
Cc8C

C4D C2D
C4D C3D
01C CvC
01C CrC
C4C Ci1C
C4C C2C
C4C C3C
01C CvC
C4C Ci1C
C4C C2C
C4C C3C
SilE C4E
SilE C5E
SilE C6E
SilD C4D
SilD C5D
SilD C6D
C9C 02C

C10CC11CF1C
C10C C11C C12C-55.0(4)

0o1C
0o1C
SilE
SilE
SilE
SilE
SilE
SilE
0o1C
01C
SilD
SilD
SilD
SilD
SilD
SilD

C7C C8C

-72.9(7)
43.9(8)
-173.0(3)
-54.7(4)
57.9(7)
178.2(6)
-64.1(6)
66.4(4)
-63.4(7)
56.9(6)
174.6(5)
-128.5(6)
-9.7(8)
110.4(8)
130.0(4)
-109.7(6)
12.1(6)
-75.7(4)
-175.3(3)

-63.5(6)

C7C C10C 172.3(5)

C4E C1E
C4E CZE
C4E C3E
C4E CIE
C4E CZE
C4E C3E
C7C C8C

51.8(12)

169.7(12)
-69.3(12)
-69.0(12)
48.9(12)

169.9(12)
-113.2(3)

C7C C10C 122.6(3)

C4D C1D
C4D C2D
C4D C3D
C4D C1D
C4D C2D
C4D C3D

51.1(9)
167.1(8)
-76.1(9)
-70.9(10)
45.0(9)
161.8(10)

C11C C12C C13C -50.2(5)
C11C C12C C13D-72.8(13)
S1IC N1C C10C-44.7(3)

S1C
S1C

S-172

02C CoC

-160.2(2)

N1C C10C 66.7(3)
S1IC 02C C9C 71.6(2)



C11AC12AC13AC14A177.4(3) 04C S1C Ni1C C10C-161.2(3)

C12AC13AC14A C15A-65.4(4) N1C SI1C 02C C9C -42.9(3)
C13AC14ACI15A C16A-177.0(3) N1C C10CC11CFIC 63.2(3)
S1IB 02B C9B C8B 94.6(3) N1C C10CC11C C12C-176.6(3)
S1IB N1B C10BC7B 91.0(3) C8C C7C CIO0CNIC -69.4(3)
S1B N1B C10BC11B-145.0(3) C8C C7C C10C C11C 169.9(3)
SilB O1B C7B C8B -69.6(4) C10CC7C C8C C9C 56.7(4)
SilB O1B C7B C10B166.0(2) C10C C11C C12C C13C -169.2(4)
FIB C11BC12B C13B -56.6(4) C10C C11C C12C C13D 168.2(13)
O1B C7B C8B C9B -65.0(4) C11C C12C C13C C14C -169.0(5)
O1B C7B CI0BNI1B 54.5(3) C11C C12C C13DC14D-171.8(13)
O1B C7B C10B C11B-66.6(3) C12C C13C C14C C15C 71.8(8)
02B S1B NI1B C10B-41.7(3) C12C C13DC14D C15D 179(2)
03B S1B O2B C9B 69.7(3) C13C C14C C15C C16C 178.3(6)

O3B S1B N1B C10B-159.2(2) C13DC14D C15D C16D-168(2)

Table S-8. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters
(A%x10°) for 7a.

Atom x y z U(eq)
H1A 6879 1834 7452 70
H1B 7531 1020 7452 70
H1D 7067 1237 6721 70
H2A 8515 1258 6101 77
H2B 9036 987 6791 77
H2C 9372 1804 6435 77
H3A 9205 2677 7634 82
H3B 8868 1847 7971 82
H3C 8240 2681 8048 82
H5A 7242 3701 7645 51
H5B 6387 3346 7161 51
H5C 6925 4176 6978 51
H6A 6967 3087 5484 50
H6B 6686 2216 5781 50
H6C 7646 2288 5372 50
H7 8700 3529 5376 30
H1  10120(30) 4420(20) 6796(11) 38
HBA 8331 4906 5289 30
H8B 7640 4577 5858 30
H9A 8025 5905 6337 34
H9B 8624 5303 6790 34
H10 10039 4384 5329 30
H11l 10454 3015 6140 36
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H12E 10091
H12F 9488
H13E 10734
H13F 11361
H14E 10813
H14F 10374
H15E 8958
H15F 9395
H16G 9109
H16H 8475
H161 9524

H1AA 10190(30)

H1AB 6861
H1AC 7482
H1AD 6956
H2AA 8498
H2AB 8935
H2AC 9356
H3AA9127
H3AB 8801
H3AC 8160
H5AA 7199
H5AB 6337
H5AC 6862
H6AA 6999
HG6AB 6584
H6AC 7564
H7A 8599
H8AAB8313
H8AB 7637
H9AA 8108
H9AB 8689
H10A 9997
H11A 10391
H12G 9928
H12H 9359
H13G 11176
H13H 10640
H14G 10021
H14H 10570
H15G 9314
H15H 8761

2866
2437
1548
1991
711
1471
1296
543
455
113
-301
5750(20)
8187
9027
8738
8751
9092
8269
7362
8205
7378
6286
6663
5841
6949
7745
7822
6505
5090
5407
4122
4768
5704
7166
7195
7655
8131
8576
8624
9382
9571
8840
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4638
5212
5430
4879
4301
3926
4518
4905
3391
3922
3788
8241(11)
7477
7560
8240
8912
8217
8516
7350
7029
6941
7354
7816
8031
9536
9191
9585
9638
9661
9078
8602
8178
9708
8985
10463
9889
10376
9774
11221
10922
10135
10475

35
35
47
47
52
52
45
45
80
80
80

68
68
68
75
75
75
86
86
86
48
48
48
46
46
46
31
34
34
35
35
32
35
37
37
47
47
47
47
46
46



H16J 8259
H16K 9289
H16L 8750

H1BA 4940(30)

H1BB 2800
H1BC 3548
H1BD 2825
H2BA 4884
H2BB 4762
H2BC 4022
H3BA 4177
H3BB 4895
H3BC 4948
H5BA 2212
H5BB 2019
H5BC 2902
H6BA 2793
H6BB 2010
H6BC 2044
H7B 3972
H8BA 2660
H8BB 3302
HI9BA 3337
H9BB 2656
H10B 5064
H11B 5736
H121 5063
H12J 5623
H13l 6583
H13J 7002
H141 5667
H14J 6035
H151 7513
H15J 7180
H16M 6486
H16N 7228
H160 6198
H1CA 3138
H1CB 3021
H1CC 2237
H2CA 2332
H2CB 3141

10166
10414
9680
5650(20)
9208
9399
8640
8446
9299
9055
7724
8465
7583
6370
7237
6676
8107
8301
7396
6898
6066
5613
5121
4682
5746
7035
7742
7160
8254
7815
9143
8687
9255
9680
10152
10693
10595
757
1048
1268
2755
2574
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10995
11246
11593
6917(10)
7730
8354
8381
6887
7420
6798
8536
8428
7925
7475
7973
8117
6092
6687
6215
5689
5888
5272
6683
6076
5454
6530
5626
5026
6095
5357
5471
4724
4963
5732
4411
4902
5187
7198
6415
7006
6819
6243

77
77
77

81
81
81
83
83
83
68
68
68
67
67
67
67
67
67
32
34
34
36
36
30
35
37
37
43
43
50
50
57
57
93
93
93
98
98
98
70
70



H2CC 3284
H3CA 4734
H3CB 4534
H3CC 4696
H5CA 4312
H5CB 3302
H5CC 3606
H6CA 1895
H6CB 1610
H6CC 1769
H7C 4068
H1EA 2532
H1EB 3189
H1EC 3327
H2EA 4750
H2EB 4747
H2EC 3920
H3EA 4172
H3EB 4947
H3EC 4853
H5EA 2679
H5EB 2165
H5EC 1824
H6EA 1965
H6EB 2249
HG6EC 2885
H1DA 2888
H1DB 1810
H1DC 2337
H2DA 1635
H2DB 1232
H2DC 1875
H3DA 3056
H3DB 2136
H3DC 3113
H5DA 4894
H5DB 4436
H5DC 5115
H6DA 3873
H6DB 3180
H6DC 2817

H1C 4880(30)

3267
2511
1900
1505
1356
947
1646
2548
2017
3019
3108
1244
517
850
1589
2515
2230
1082
1741
843
2095
1567
2504
3473
2792
3607
1320
1518
1000
2000
2575
2990
3499
3224
2853
2144
1224
1565
1501
954
1783
4340(20)
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6922
7222
6501
7238
8545
8541
9180
8900
8157
8197
9383
7054
7294
6528
6513
6950
6412
8247
8062
7586
8966
8306
8590
7515
6858
7071
6588
6685
7244
8138
7563
8202
7247
6809
6530
7181
7163
7804
9045
8514
8996
8097(10)

70
72
72
72
67
67
67
68
68
68
33
48
48
48
52
52
52
55
55
55
52
52
52
50
50
50
79
79
79
94
94
94
87
87
87
87
87
87
50
50
50



H8CA 3395
H8CB 2703
HI9CA 3222
HICB 2569
H10C 5108
H11C 5773
H12A 5313
H12B 5764
H12C 6011
H12D 5209
H13A 6869
H13B 7244
H14A 6535
H14B 7403
H15A 5522
H15B 6381
H16A 5860
H16B 5973
H16C 6867
H13C 7127
H13D 6371
H14C 6474
H14D 5705
H15C 7620
H15D 6953
H16D 6224
H16E 6604
H16F 7287

4375
3864
4792
5216
4331
3089
2284
2942
2942
2438
2022
2558
1521
1184
842

522

-596
-33

-329
2191
1755
1509
1083
724

406

-525
-74

-617

Table S-9. Atomic Occupancy for 7a.

Atom Occupancy

Si1C 0.559(2)
H1CB 0.559(2)
H2CA 0.559(2)
C3C 0.559(2)
H3CC 0.559(2)
H5CA 0.559(2)
C6C 0.559(2)
H6CC 0.559(2)

H1EA 0.1203(19)
C2E  0.1203(19)
H2EC 0.1203(19)

Atom Occupancy
C1C 0.559(2)
H1CC 0.559(2)
H2CB 0.559(2)
H3CA 0.559(2)
C4C 0.559(2)
H5CB 0.559(2)
H6CA 0.559(2)
SilE 0.1203(19)
H1EB 0.1203(19)
H2EA 0.1203(19)
C3E 0.1203(19)

S-177

9820
9270
8392
9022
9555
8454
9345
9956
9940
9489
8874
9585
10261
9788
9392
8901
9503
10259
9798
9278
8732
10216
9679
9633
8980
9615
10363
9822

Atom Occupancy
H1CA 0.559(2)
C2C 0.559(2)
H2CC 0.559(2)
H3CB 0.559(2)
C5C 0.559(2)
H5CC 0.559(2)
H6CB 0.559(2)
ClE 0.1203(19)
H1EC 0.1203(19)
H2EB 0.1203(19)
H3EA 0.1203(19)

35
35
36
36
28
35
37
37
37
37
44
44
43
43
57
57
82
82
82
57
57
45
45
68
68
98
98
98



H3EB 0.1203(19)
C5E  0.1203(19)
H5EC 0.1203(19)
H6EB 0.1203(19)
C1D 0.3207(19)
H1DC 0.3207(19)
H2DB 0.3207(19)
H3DA0.3207(19)
C4D 0.3207(19)
H5DB 0.3207(19)
H6DA 0.3207(19)
H12A 0.745(10)
H12D 0.255(10)
H13B 0.745(10)
H14B 0.745(10)
H15B 0.745(10)
H16B 0.745(10)
H13C 0.255(10)
H14C 0.255(10)
H15C 0.255(10)
H16D 0.255(10)

H3EC 0.1203(19)
H5EA 0.1203(19)
C6E  0.1203(19)
H6EC 0.1203(19)
H1DA0.3207(19)
C2D 0.3207(19)
H2DC 0.3207(19)
H3DB 0.3207(19)
C5D  0.3207(19)
H5DC 0.3207(19)
H6DB 0.3207(19)
H12B 0.745(10)
C13C 0.745(10)
C14C 0.745(10)
C15C 0.745(10)
C16C 0.745(10)
H16C 0.745(10)
H13D 0.255(10)
H14D 0.255(10)
H15D 0.255(10)
H16E 0.255(10)

C4E  0.1203(19)
H5EB 0.1203(19)
H6EA 0.1203(19)
Si1D 0.3207(19)
H1DB 0.3207(19)
H2DA 0.3207(19)
C3D 0.3207(19)
H3DC 0.3207(19)
H5DA 0.3207(19)
C6D 0.3207(19)
H6DC 0.3207(19)
H12C 0.255(10)
H13A 0.745(10)
H14A 0.745(10)
H15A 0.745(10)
H16A 0.745(10)
C13D 0.255(10)
C14D 0.255(10)
C15D 0.255(10)
C16D 0.255(10)
H16F 0.255(10)

Crystallographic Experimental Section for 10a. CCDC number 1548237

Data Collection. A colorless crystal with approximate dimensions 0.158 x 0.106 x 0.043
mm® was selected under oil under ambient conditions and attached to the tip of a MiTeGen
MicroMount©. The crystal was mounted in a stream of cold nitrogen at 100(1) K and centered

in the X-ray beam by using a video camera.

The crystal evaluation and data collection were performed on a Bruker Quazar SMART
APEXII diffractometer with Mo K, (A = 0.71073 A) radiation and the diffractometer to crystal
distance of 4.96 cm."

The initial cell constants were obtained from three series of ® scans at different starting
angles. Each series consisted of 12 frames collected at intervals of 0.5° in a 6° range about ®

with the exposure time of 10 seconds per frame. The reflections were successfully indexed by an
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automated indexing routine built in the APEX3 program suite. The final cell constants were
calculated from a set of 6515 strong reflections from the actual data collection.

The data were collected by using the full sphere data collection routine to survey the
reciprocal space to the extent of a full sphere to a resolution of 0.80 A. A total of 45920 data
were harvested by collecting 3 sets of frames with 0.5° scans in o with exposure times of 40 sec
per frame. These highly redundant datasets were corrected for Lorentz and polarization effects.
The absorption correction was based on fitting a function to the empirical transmission surface as

sampled by multiple equivalent measurements.

Structure Solution and Refinement

The systematic absences in the diffraction data were uniquely consistent for the space
group P2;/c that yielded chemically reasonable and computationally stable results of
refinement.>®

A successful solution by the direct methods provided most non-hydrogen atoms from the
E-map. The remaining non-hydrogen atoms were located in an alternating series of least-squares
cycles and difference Fourier maps. All non-hydrogen atoms were refined with anisotropic
displacement coefficients. All hydrogen atoms, except for the amine hydrogen, were included in
the structure factor calculation at idealized positions and were allowed to ride on the neighboring
atoms with relative isotropic displacement coefficients. The N1-H1 and N1A-H1A distances
were constrained to 0.83A distance, but the isotropic displacement coefficients on the hydrogen
atoms were allowed to refine freely.

Due to the presence of an inversion center, both stereoisomers are present in the crystal
structure. There are two chiral molecules in the asymmetric unit. They have the same
composition and connectivity, but opposite handedness. The relative configuration is as follows:
chiral centers in the Sil molecules are C3 — R, C10 — S, and C12 — S; the chiral centers on Si1lA
molecule are C3A - S, C10A — R and C12A - R.

The second molecule exhibited positional disorder in the fluorohexyl chain (atoms C13a—
Cl7a and C13b—C17b)) with the major component contribution of 70.4(4) %. These disordered

atoms were refined isotropically.
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The final least-squares refinement of 477 parameters against 9093 data resulted in
residuals R (based on F? for 1>25) and wR (based on F? for all data) of 0.0628 and 0.1701,

respectively. The final difference Fourier map was featureless.
Summary

Crystal Data for C17H33FN204SSi (M =408.60 g/mol): monoclinic, space group P21/c (no.
14), a = 13.110(4) A, b = 9.969(4) A, ¢ = 33.818(12) A, £ = 90.959(14)°, V = 4419(3) A3 Z =
8, T = 100.0 K, p(MoKa) = 0.231 mm™, Dcalc = 1.228 g/cm?, 45819 reflections measured
(2.408° <20 < 52.882°), 9093 unique (Rint = 0.0627, Rsigma = 0.0802) which were used in all
calculations. The final Ry was 0.0628 (I > 20(I)) and WR, was 0.1701 (all data).

Figure S-6. A molecular drawing of 10a shown with 50% probability ellipsoids showing the

two molecules in the asymmetric unit. All H atoms on non-stereoactive atoms are omitted.
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Figure S-7. A molecular drawing of 10a shown with 50% probability ellipsoids showing the

first molecule in the asymmetric unit. All H atoms on non-stereoactive atoms are omitted.

Figure S-8. A molecular drawing of 10a shown with 50% probability ellipsoids showing the
second molecule in the asymmetric unit. The minor disorder component and all H atoms on non-

stereoactive atoms are omitted.
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N2A

Figure S-9. A molecular drawing of 10a shown with 50% probability ellipsoids showing the

second molecule in the asymmetric unit. Both disorder components are shown.

Figure S-10. A molecular drawing of 10a shown with 50% probability ellipsoids showing the
overlay of the two molecules in the asymmetric unit. The minor disorder component of SilA
molecule and all H atoms are omitted.
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Table S-10. Crystal data and structure refinement for 10a.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system

Space group
alA

b/A

c/A

o/°

pre

y/°
Volume/A®
Z

Pealcd/ cm®
w/mm™

F(000)

Crystal size/mm?®

Radiation

Schomaker70b
C17H33FN»04SSi
408.60

100.0

monoclinic

P21/C

13.110(4)

9.969(4)

33.818(12)

90

90.959(14)

90

4419(3)

8

1.228

0.231

1760.0

0.158 x 0.106 x 0.043
MoKa (A =0.71073)

20 range for data collection/°2.408 to 52.882

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]

-16<h<15,-12<k<12,-42<1<42
45819

9093 [Rint = 0.0627, Rsigma = 0.0802]
9093/29/477

1.040

R; =0.0628, wR, = 0.1538

Ri= 00933, wWR; = 0.1701

Largest diff. peak/hole / e A* 0.66/-0.88

Table S-11. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A%x10%) for 10a. Ueq is defined as 1/3 of of the trace of the orthogonalised

U,; tensor.
Atom

S1

Sil

F1

01

02

03

04

Yy Z
5655.4(
10828.2(
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7) 6976.
8) 6555.
8) 5994.
5778 (2) 6959.
2) 7348.
2) 6987.
9) 6543.

U(eq)

25.67(19)
22.7(2)
35.8(5)
36.2(6)
26.7(5)
30.7(5)
21.4(4)



N1
N2
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
C15
C16
C17
S1A
SilA
F1A
O1A
02A
O3A
O4A
N1A
N2A
Cl1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
Co9A
C10A
Cl11A
Cl12A
C13B
C14B

9750.
125009.
10971.
10986.
10660.
11014.

6486
5461
7877
8462
8420
11260
11611
11241
10438
12745
10899
6992
6090
7014
7540
7513
8022
8146
8755
8586.8
3415.7
8561
8466
9863
7848
5092
7762
8788
6369
5786
5822
2986
2630
3009
3779
1500
3421
71252
8155
7231
6487 (
6431 (
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5095.5¢(
5006.4 (
6978.9

6555.0

5981.4

6971.7

6987.5

7346.7

6539.4

6594.3

(

(

6605.5(
6065.1(
6026.8 (

23.
32.
27.
24.
21.
29.
29.
29.
38.
42.
44 .
22.
24.
26.
32.
39.
51.5
70.2
78.5
27.81
21.99
42.
36.
36.
29.
24.
24.
45.
28.
25.
24.
28.
30.
33.
37.
50.2
49.3
26.
33.
33.
43.
47.
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C6

C10
C10
Ci12
C13
C14
C15
C16
S1A
S1A
S1A

C9
Cl1
Ci12
C13
C14
C15
C16
C17
O1A
O2A
O3A

R = = i e S

Table S-14. Bond Angles for 10a.

Atom Atom Atom
01 S1 02
01 S1 03
01 S1 N1
02 S1 N1
03 S1 02
03 S1 N1
04 Si1 C4
04 Sil C5
04 Sil Ce6
C4 Sil Cb
C4 Sil C6
C5 Sil C6
Cl 02 31
C3 04 si1
Cl10 N1 $s1
02 Cl1 cC2
Cl C2 ¢s3
04 C3 C2
04 C3 Cl10
C2 C3 Ci10
C7 Cé6 si1
C7 C6 (8
C8 C6 Sil
C9 C6 si1
cC9 Ce6 C7
C9 C6 (8

(5) C12AC13B 1.523(7)
(4) C12ACI13A 1.515(5)
(4) C13BC14B 1.522(8)
(4) C14B C15B 1.499(8)
(4) C15BC16B 1.482(9)
(5) CleBC17B 1.502(9)
(5) C13AC14A 1.522(6)
(5) Cl14ACI15A 1.501(6)
(2) C15AC16A 1.503(6)
(2) C16ACI17A 1.465(7)
(2)
Angle/* Atom Atom Atom
111.05(14) O2A S1A O3A
120.45(14) O2A S1A NI1A
105.23(14) O3A S1A N1A
105.52(12) O4A SilA C4A
104.32(12) O4A SilA C5HA
109.43(14) O4A SilA C6A
108.54(12) CA4A SilA C5A
108.66(13) C4A SilA C6A
103.91(12) C5A SilA C6A
111.91(15) Cl1A O3A S1A
111.72(15) C3A O4A SilA
111.70(15) C10AN1A S1A
117.65(18) O3A ClA C2A
125.48(17) C1A C2A C3A
121.95(19) O4A C3A C2A
109.4(2) O4A C3A CI10A
117.0(2) C2A C3A CI10A
112.3(2) C7A C6A SilA
104.2(2) C8A C6A SilA
114.2(2) C8A C6A CT7A
109.6(2) C9A C6A SilA
108.6(3) C9A C6A CT7A
109.9(2) C9A C6A CS8A
110.7(2) N1A C10AC3A
109.2(3) N1A C10AC11A
108.9(3) N1A C10AC12A
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Angle/*
103.85¢(
109.34(
105.63(
108.71(
108.78(
103.47(
111.99¢
111.61 ¢
111.86(
117.83(
124.89(
122.8
109.9
117.5
112.5
103.6
114.0
109.4
109.8
108.7
110.4
108.8
109.8
110.0
111.6
106.0



N1
N1
N1
Cl1
Cl1
C12
N2
F1
F1
C13
Cl4
C15
Cl6
C15

Ol1A S1A
O1A S1A
O2A S1A

Table S-15. Torsion Angles for 10a.

A
S1

S1

S1

S1

Sil
Sil
F1

o1
o1
02
02
03
03
04
04
04
04
04
04

C10
C10
C10
C10
C10
C10
Cil1
Ci12
C12
C12
C13
Cl4
C15
C16

C3

Cl1
C12
C3

C12
C3

C10
C10
C13
C10
C12
C13
C14
C17

B
02

N1

N1
N1
04
04

C
C1

C10

C10
C10
C3
C3

C12 C13

S1
S1
S1
C1
S1
S1
Sil
Sil
Sil
C3
C3
C3

02
N1
N1
C2
02
N1
C6
C6
C6
C10
C10
C10

O3A
N1A
O1A

D
C2

C3

Cl1
C12
C2
C10
C14
C1l
C10
C10
C3
C1
C10
C7
C8
C9
N1
Cl1
C12

Angle/*
94.

(o0}
-

89.

N

-33.
-150.
-67.
168.25

|
(@)
[o¢]

177.

W N W WD wwdhDwwdhDDND oo wbdhDw w w

|

~J

(&)
N oo DD DD W JI P 0 OF JdJ -~ 00 0 W
~ o~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ ~ ~
— — — — — = = = = = — — = = ~— o~ ~—

C11AC10AC3A

C11AC10AC12A
C12AC10AC3A

N2A C11AC10A
F1A C12AC10A
F1A C12AC13B
F1A C12AC13A
C13B C12AC10A
C13AC12AC10A
C14BC13B C12A
C15B C14BC13B
C16B C15B C14B
C15BC16B C17B
C12AC13ACl4A

C15AC14ACI13A
C14AC15AC16A
C17AC16ACI15A

A

B C D

SilA O4A C3A C2A
SilA O4A C3A C10A

F1A
F1A
O1A
O1A
02A
02A
O3A
O3A
O4A
O4A
O4A
O4A
O4A
O4A
N1A
N1A
N1A

C12AC13BC14B
C12AC13ACl4A
S1A O3A C1A
SIA N1A C10A
SIA O3A CIA
S1A N1A C10A
S1A N1A C10A
Cl1A C2A C3A
SilA C6A CT7A
SilA C6A C8A
SilA C6A C9A
C3A C10AN1A
C3A C10AC1l1A
C3A Cl10AC12A
S1A O3A C1A
C10AC12AF1A
C10AC12AC13B

S-188

1009.
108.
111.
175.
106.
112.
106.
123.
111.
115.
115.
118.
113.
111.
112.
115.
114.
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9
-68.8
158.9
160.3
-70.1
41.1
75.8
58.4
177.6
-61.3
-54.6
=-177.7
62.5
45.2
-62.0
165.7



N1 S1 02
N1 C10 Ci12
N1 C10 Ci12
Cl C2 C3
Cl C2 C3
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C2 C3 C10
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C3 C10 C12
C3 C10 C12
C4 Sil O4
C4 Si1 C6
C4 Sil C6
C4 Sil C6
C5 Si1 04
C5 Si1 C6
C5 Si1 C6
C5 Si1 C6
C6 Sil O4
C10C12 C13
C11C10 C12
C11C10 C12
C12C13 C14
C13C14 C15
C14 C15 C16

S1IAO3AC1A C2A
SIAN1AC10AC3A
S1IAN1IAC10AC11A 33.
SIANIAC10AC12A  151.

C1 -45.
F1 61.
C13 178.
04 -61.
C10 56.
N1 -68.
C11 54,
C12 174.
F1 179.
C13 -59.
C3 89.
C7 60.
C8 -58.
C9 178.
C3 -32.
C7 173.
C8 67.
C9 -52.
C3 151.
Ci14 178.
F1 -58.
C13 61.
C15 179.
C16 174.
C17 174.

-94.
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N1A C10AC12AC13A
ClA C2A C3A O4A
Cl1A C2A C3A C10A
C2A C3A CI10ANIA
C2A C3A C1l0AC1l1A
C2A C3A C1l0AC12A
C3A C10ACI12AFI1A
C3A C10AC12AC13B
C3A Cl10AC12AC13A
C4A SilA O4A C3A
C4A SilA C6A CT7A
C4A SilA C6A C8A
C4A SilA C6A COA
C5A SilA O4A C3A
C5A SilA C6A C7A
C5A SilA C6A C8A
C5A SilA C6A COA
C6A SilA O4A C3A
C10AC12AC13B C14B
C10AC12AC13AC14A
C11AC10AC12AF1A
C11AC10AC12AC13B
C11AC10AC12AC13A
C12AC13B C14B C15B
C12AC13AC14AC15A
C13BC14BC15B C16B
C14B C15B C16B C17B
C13AC14AC15AC16A
C14AC15AC16ACL7A

-178.2
60.9
-56.7
68.1
-55.0
-174.8
178.5
46.2
62.2
-89.3
-58.3
60.9
-178.0
32.9
175.3
-65.5
55.6
151.9
-172.3
176.2
8

5

4

(

Table S-16. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters

(A%x10°) for 10a.

Atom X

H1 6430 (20)
H1B 6662.2
H1C 6228.1
H2A 5067.32
H2B 4534 .81
H3 4224.03
H4A 6385.4

y
7090 (30)

8180.17
8191.02
9410.35
7980.87
8811.94
11062.01

S-189

6565 (10)

7187.53
7628.24
7286.92
7329.22

6695.6
7215.88

35(10)

33
33
29
29
26
44



H4B 6866.46

H4C 7324.66
H5A 4081.77
H5B 4603.68
H5C 4223.64
H7A 7820.45
H7B 7602.05
H7C 7169.5
HSA 5965.61
H8B 6904.83
H8C 7070.41
H9A 5399.63
HI9B 5869.71
HoC 4949 .64
H12 5174.75
H13E 3105.97
H13F 3560.79
H14E 3828.74
H14F 3389.68
H15E 1783.67
H15F 2204.47
H16E 1976.85
H16F 2494 .55
H17G 888.04
H17H 914.19
H171 423.07
H1A 11420 (20)
H1AA 11147.67
H1AB 11620.04
H2AA 9486.04
H2AB 10021.11
H3A 9217.97
H4AA 12263.87
H4AB 11888.51
H4AC 11307.49
H5AA 9210.18
H5AB 9599.36
H5AC 9092.38
H7AA 12262.15
H7AB 12727.61
H7AC 12851.35
HSAA 12062.88

12217.
10730.
11393.

06
04
48

12586.6

11265.
10667.
10656.

9476.
13270.
12945.
12978.

9943.
11101.

69
69
01
05
57
64
13
03
97

11433.2

7569.
6997.
8474.
8067.
6580.
7415.
8915.
7237.
8683.
8889.
9621.
8158.
7160 (3
6057.
6058.
6268.

33
67
67
55
59
03
16
78
02
99
49
24
0)
84
64
74

4839.1

5428.
3577.
2051.
3101.
2949.
1652.
2874.
4745.
3524.
3558.
1238.

92
62
59
25
04
76
86
62
21
76
12

$-190

6948.
6935.
6396.
6643.
6865.
6204 .
5737.
6007.
6062.
5781.
6251.
5738.
5469.
5758.
5987.
6179.
6131.
5455.
5502.
5641.

39
94
44
35
86
07
09
83
31
66
48
56
56
91
16
86
14
41
76
54

5636.7

4976.
4960.
4720.
5141.
5098.
6549 (1
7630.
7196.
7311.
7276.
6676.
6969.

97
64
34
61
01
0)
66
27
94
74
18
92

6947.6

7222.
6848 .
6616.
6377.
6025.
5779.

16
96
63
69
19
73

6251.2
6261.6

44
44
45
45
45
57
57
57
64
64
64
67
67
67
32
39
39
47
47
62
62
84
84
118
118
118
38(10)
34
34
30
30
29
42
42
42
45
45
45
56
56
56
75



H8AB
H8AC
H9AA
HI9AB
HI9AC
H12B
H12A
H13A
H13B
H14A
H14B
H15A
H15B
H16A
H16B
H17A
H17B
H17C
H13C
H13D
H14C
H14D
H15C
H15D
H16C
H16D
H17D
H17E
H17F

11941.
10969.

57
35

10013

10971.
10569.
10301.
10193.
8794.
8155.
8690.
9368.
7945.
7888.
6728.
6308.

47
43
43
33
88
99
87
23
99
69
87
45

7141

6000.
6285.

36
37

8139.8

8542.
8422.
8803.
6789.

42
34
21
25

7156.2

7124

.97
7366.
5737.
5453.
5703.

58
49
97
55

1298.

998.
2968.
3164.
4394.
6787.
6655.
5556.
6918.
7361.
6031.
5598.
4730.
6373.
5433.
7939.

42
99
98
23
98
82
78
39
95
51
18
31
12
93
25
55

7887
7098.9

7329.
5826.
7764.

18
27
28

6251.9

7020.
5494.
7211
5641.
6075.
6737.
51609.

Table S-17. Atomic Occupancy for 10a.
Occupancy

Atom
H12B
H13A
H14A
H15A
H16A
H17A
C13A
Cl14A

O O O O O o o O

.296
.296
.296
.296
.296
.296
.704
.704

Atom
H12A
H13B
H14B
H15B
H16B
H17B
H13C
H14C

Occupancy
.704
.296
.296
.296
.296
.296
.704
.704

O O O O O O o O

36
65

.16

08
83
85
06

Atom
C13B
C14B
C15B
Cl6B
C17B
H17C
H13D
H14D

5790.
6056.

28
24

5753.8

5472.
5730.
5991.

63
82
73

5968.7

6038.
6032.

47
06

5385

5390.
5024.
5418.
5663.
5314.
5111.
5271.
4876.

57
55
87
55
29
17
76
42

6186.5

6129.
5503.
5447.
5650.

04
61
99
27

5630.9

4960.
4954.
4720.
5135.
5110.

97
51
07
09
12

Occupancy

O O O O O O o O

.296
.296
.296
.296
.296
.296
.704
.704

75
75
74
74
74
40
40
52
52
57
57
62
62
68
68
91
91
91
52
52
57
57
62
62
68
68
91
91
91



C15A 0.704 (4) H15C 0.704 (4) H15D 0.704 (4)
C16A 0.704 (4) H1eC 0.704 (4) H1eD 0.704 (4)
C17A 0.704 (4) H17D 0.704 (4) HI17E 0.704 (4)
H17F 0.704 (4)
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