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Experimental Data for Compounds

General Procedures. All reactions were carried out under an argon atmosphere with dry
solvents under anhydrous conditions, unless otherwise noted. Dry tetrahydrofuran (THF),
toluene, dimethylformamide (DMF), diethyl ether (Et,O) and dichloromethane (CH,Cl,) were
obtained by passing commercially available pre-dried, oxygen-free formulations through
activated alumina columns. Yields refer to chromatographically and spectroscopically (‘'H and
3C NMR) homogeneous materials, unless otherwise stated. Steps refer to operations conducted
in a single reaction flask; filtration, extraction, or other form of purification denotes the end of an
individual step. Reagents were purchased at the highest commercial quality and used without
further purification, unless otherwise stated. Reactions were magnetically stirred and monitored
by thin-layer chromatography (TLC) carried out on 0.25 mm E. Merck silica gel plates (60F-254)
using UV light as visualizing agent, and an ethanolic solution of phosphomolybdic acid and
cerium sulfate, and heat as developing agents. SiliCycle silica gel (60, academic grade, particle
size 0.040-0.063 mm) was used for flash column chromatography. Preparative thin-layer
chromatography separations were carried out on 0.50 mm E. Merck silica gel plates (60F-254).
NMR spectra were recorded on Bruker 400, 500 and 700 MHz instruments and calibrated using
residual undeuterated solvent as an internal reference. The following abbreviations were used to
explain the multiplicities: s = singlet, d = doublet, t = triplet, ¢ = quartet, br = broad, m =
multiplet, app = apparent. IR spectra were recorded on a Perkin-Elmer 1000 series FT-IR
spectrometer. High-resolution mass spectra (HRMS) were recorded on Agilent 6244 Tof-MS
using ESI (Electrospray lonization) at the University of Chicago Mass Spectroscopy Core
Facility.

Abbreviations. TIPSCl = triisopropylsilyl chloride, MeOH = methanol, THF =
tetrahydrofuran, EtOAc = ethyl acetate, n-BuLi = n-butyl lithium, PhsP = triphenyl phosphine, i-
PrMgCl = isopropyl magnesium chloride, Et;Al = triethyl aluminum, TMSCN = trimethylsilyl
cyanide, LDA = lithium diisopropylamide, i-PrNH = diisopropyl amine, TBSOTT = tert-butyel
dimethyl trifluoromethanesulfonate, i-Pr,NEt = diisopropyl ethyl amine, PhsPAuNTf, =
[bis(trifluoromethanesulfonyl)imidate]  (triphenylphosphine)gold(I), AgOTf =  silver
trifluoromethanesulfonate, ~-BuOH = tert-butyl alcohol, i-PrOH = isopropanol, Pd(Phs;P); =
tetrakis(triphenylphosphine)palladium(0), MeCN = acetonitrile, DPPA = diphenylphosphoryl
azide, Et;N = triethyl amine, #BuOK = potassium tert-butoxide, DIBAL-H =
diisobutylaluminum hydride, NIS = N-iodosuccinimide, Et;B = triethyl borane, n-Bu;SnH =
tributyltin hydride, TBAF = tetrabutylammonium fluoride, DMP = Dess—Martin periodinane,
MsCl = methanesulfonyl chloride, TFA = trifluoroacetic acid, -BuLi = tert-butyl lithium,
MeONa = sodium methoxide, TBD = triazabicyclodecene, L-selectride = lithium tri-sec-
butylborohydride, MTBE = Methyl-tert-butyl ether, MS = molecular sieves, Ac = acetyl, BzCIl =
benzoyl chloride, 4-DMAP = 4-(dimethylamino)pyridine, PCC = pyridinium chlorochromate,
DMSO = dimethyl sulfoxide, LIHMDS = lithium hexamethyldisilazide, NaHMDS = sodium
hexamethyldisilazide, KHMDS = potassium hexamethyldisilazide, LiTMP = lithium
tetramethylpiperidide.
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Synthesis of ketone 12

HCQ TIPSCI, imidazole T'PSOQ n-BuLi, CH,0 TIPSO
’ —.
CH,CI THF _
4 2 & 78°Cto23°c HO 7

0,
S1 s2 (71% over 2 steps) s3

Propargyl alcohol S3. To a solution of 4-penty-1-ol (16.8 g, 0.200 mol, 1.0 equiv) in
CH,Cl; (400 mL) at 23 °C was sequentially added imidazole (20.4 g, 0.300 mol, 1.5 equiv) and
TIPSCI (51.4 mL, 0.240 mol, 1.2 equiv), after which a white participate formed. The resultant
suspension was then stirred at 23 °C for 4 h. Next, MeOH (1.72 mL, 1.36 g, 0.0400 mol) was
added and the reaction contents were stirred for an additional 30 min. Upon completion, the
reaction contents were filtered through a pad of Celite (eluting with hexanes) and concentrated
directly. Pressing forward without any further purification, the so-obtained TIPS-protected
alcohol was dissolved in THF (1.05 L) and the reaction contents were cooled to —78 °C. Next, n-
BuLi (100 mL, 2.5 M in hexane, 0.250 mol, 1.25 equiv) was then added at —78 °C via cannula
over the course of 5 min, during which time the solution turned bright yellow. The reaction
contents were then stirred for an additional 30 min at —78 °C. Solid paraformaldehyde (12.7 g,
0.420 mol, 2.1 equiv) was then added to the solution in a single portion, and the resultant
suspension was then slowly warmed to 23 °C and stirred for 12 h. Upon completion, the reaction
contents were quenched by the addition of saturated aqueous NH4Cl (600 mL) and poured into a
seapratory funnel. After separating the layers, the aqueous phase was extracted with EtOAc (2 x
600 mL). The combined organic layers were then washed with brine (1 L), dried (Na,;SOs),
filtered, and concentrated. Purification of the resultant residue by flash chromatography
chromatography (silica gel, hexanes/EtOAc = 10:1) provided the desired propargyl alcohol (38.4
g, 71% yield over 2 steps) as a pale-yellow oil. Its spectral data matched that previously

reported.[l]
TIPSO Ph;P, imidazole,l, TIPSO
—_—
CH,Cl,
o, F 0 °C to 23 °C . F
85%

S3 1"

Propargyl iodide 11. To a flame-dried flask containing CH,Cl, (800 mL) at 23 °C was
sequentially added Phs;P (45.86 g, 0.175 mol, 1.2 equiv) and imidazole (11.9 g, 0.175 mol, 1.2
equiv). The resultant solution was then cooled to 0 °C using an ice-water bath and I, (44.4 g,
0.175 mol, 1.2 equiv) was added in a single portion, forming an orange-brown suspension. The
resultant suspension was then stirred at 0 °C for 30 min before a solution of propargyl alcohol
(39.4 g, 0.146 mol, 1.0 equiv) in CH,Cl, (200 mL) was added, rinse that flask with a minimal
amount of CH,Cl; to ensure a complete transfer. Next, the ice-water bath was removed, at which
time the suspension turned bright yellow. After stirring the resultant suspension at 23 °C for 1 h,
the reaction was filtered directly through Celite (eluting with hexanes) and concentrated. The
resultant residue was redissolved in hexanes (600 mL) and filtered a second time through a pad
of Celite (eluting with hexanes) again. The resultant filtrate was concentrated and purification of
the resultant residue by flash chromatography chromatography (silica gel, hexanes/EtOAc =
50:1), provided the desired propargyl iodide (47.0 g, 85% yield) as a yellow oil. 11: Ry = 0.87
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(silica gel, hexanes/EtOAc, 4:1); IR (film) vmax 2930, 2892, 2866, 2361, 2339, 1464, 1171, 1109,
680 cm '; 'H NMR (500 MHz, CDCL3) 8 3.76 (t, J = 6.0 Hz, 2 H), 3.70 (t, J= 2.5 Hz, 2 H), 2.32
(tt, J=7.1,2.5 Hz, 2 H), 1.72 (p, J = 6.6 Hz, 2 H), 1.11-1.06 (m, 21 H); *C NMR (125 MHz,
CDCls) & 86.4, 77.1, 61.7, 31.6, 18.0, 15.6, 12.0, —16.9; HRMS (ESI) calcd for C;sH3,I0Si" [M
+H'1380.1032, found 380.1030.

(o]

\‘\:>7M9 CH,Cl,/pyridine Me

(4:1)
83% 10

Iodide 10. A flame-dried flask at 23 °C was charged sequentially with 3-methyl-2-
cyclopenten-1-one (9.81 mL, 9.61 g, 0.100 mol, 1.0 equiv), CH,Cl, (800 mL), and pyridine (200
mL). Next, [ (55.9 g, 0.220 mol, 2.2 equiv) was added, forming a dark-brown solution. The
resultant mixture was then stirred at 23 °C for 48 h. Upon completion, the reaction contents
were quenched the addition of saturated aqueous Na,S,03 (600 mL) and poured into a separatory
funnel. After separating the layers, the organic phase was washed with 3 N HCI (1 L), H,O (600
mL), and brine (600 mL). The organic layer was then dried (Na,SO,), filtered, and concentrated.
Purification of the resultant residue by flash column chromatography (silica gel, hexanes/EtOAc
= 4:1—2:1) afforded the desired iodide (18.5 g, 83% yield) as a pale-yellow solid. Its spectral

data matched that previously reported.””!
o
Me

10 N\

TIPSO iPrMgCl, CuCNe2Licl ~ OTIPS
— w0
- O ]
| Z THF, -78 °C to 23 °C Ve
81%
1 12

CuCN-e2LiCl solution (1.0 M in THF). A round-bottom flask equipped with a stir bar at
23 °C was charged with LiCl (8.10 g, 0.191 mol, 3.0 equiv). Next, the flask and its contents were
dried with a propane torch under vacuum until the appearance of the LiCl became a sand-like
solid without chunks. The flask was then removed from the vacuum line, flushing with argon,
and then THF (96 mL) was added followed by CuCN (8.56 g, 95.6 mmol, 1.5 equiv). The
resultant cloudy green solution was stirred at 23 °C for 1 h, at which point it was ready for use.

Enone 12. Iodide 10 (21.2 g, 95.6 mmol, 1.5 equiv) was dissolved in THF (350 mL) in a
flame-dried flask at 23 °C and then was cooled to —78 °C using a dry ice-acetone bath, forming a
yellow suspension. Next, i-PrMgCl (2.0 M in THF, 47.8 mL, 95.6 mmol, 1.5 equiv) was added
dropwise at —78 °C, during which time the yellow suspension turned into a pale brown solution.
After stirring the resultant solution for 30 min at —78 °C, freshly prepared CuCN«2LiCI (1.0 M in
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THF, 96 mL, 95.6 mmol, 1.5 equiv) was added, and the resultant gray/green suspension was
stirred for a further 15 min at —78 °C. Next, a solution of propargyl iodide 11 (24.2 g, 63.7 mmol,
1.0 equiv) in THF (40 mL) was added to the suspension, rinsing the flask with additional THF
(10 mL) to ensure a complete transfer. Once the transfer was complete, the cold bath was
removed and the suspension was slowly warmed to 23 °C over the course of 30 min with stirring,
during which time the suspension turned brown. Upon completion, the reaction contents were
quenched by the sequential addition of saturated aqueous NH4CI (200 mL) and 3 M NaOH (200
mL) and poured into a separatory funnel. After separating the layers, the aqueous layer was
extracted with EtOAc (2 x 400 mL). The combined organic layers were then washed with brine
(800 mL), dried (Na,SO,), filtered, and concentrated. Purification of the resultant residue by
flash column chromatography (silica gel, hexanes/EtOAc = 10:1—4:1), providing the desired
enone (17.9 g, 81% yield) as a yellow oil. 12: Ry = 0.29 (silica gel, hexanes/EtOAc, 4:1); IR
(film) v max 2942, 2865, 2360, 2339, 1700, 1653, 1457, 1107, 668 cm'; 'H NMR (500 MHz,
CDCls) 6 3.72 (t, J= 6.1 Hz, 2 H), 3.06 (s, 2 H), 2.58-2.47 (m, 2 H), 2.44-2.34 (m, 2 H), 2.23 (tt,
J=17.1,2.5Hz, 2 H), 2.17 (s, 3 H), 1.68 (p, J = 6.7 Hz, 2 H), 1.06-1.03 (m, 21 H); °C NMR
(125 MHz, CDCl;) 6 207.6, 171.8, 136.1, 79.7, 76.0, 61.8, 33.9, 32.0, 31.6, 17.9, 17.3, 15.1, 12.5,
11.8; HRMS (ESI) calcd for C5;H370,Si" [M + H'] 349.2558, found 349.2553.

N\
\ N\ o\,

oTIPS Et;Al, TMSCN oTIPS then HCL, THF ~ "~ 3
—_— ity :
° Hex,60°C | TMSO Me 68% o Me
Me 2 ‘CN
‘CN
12 s5 13

Nitrile 13. Et;Al (1.0 M in heptane, 40.4 mL, 40.4 mmol, 1.2 equiv) and hexanes (19 mL)
were added sequentially to a flame-dried flask at 23 °C. Next, TMSCN (9.2 mL, 74.0 mmol, 2.2
equiv) was added and the resultant colorless solution was stirred for 15 min at 23 °C. A solution
of enone 12 (11.7 g, 33.6 mmol, 1.0 equiv) in hexanes (200 mL) was then added, using an
additional portion of hexanes (60 mL) to complete the transfer. The reaction solution turned a
red-brown color and then was warmed to 60 °C using a pre-heated oil bath. After stirring the
resultant solution at 60 °C for 1 h. Upon completion, the reaction contents were then cooled to
0 °C using an ice-water bath and quenched by the addition of H,O until no bubble formation was
observed from the solution. The reaction contents were then warmed to 23 °C and stirred for 30
min before being filtered through a pad of Na,SO4 (eluting with hexanes) and concentrated
directly. The resultant crude silyl enol ether was then dissolved in THF (100 mL) and 3 M HCI
(25 mL) was added at 23 °C. The resultant solution was stirred at 23 °C until the presence of the
silyl enol ether had disappeared based on TLC monitoring (typically 10 min). Upon completion,
the reaction contents were quenched by the addition of H,O (25 mL) and poured into a
separatory funnel. After separating the layers, the aqueous layer was extracted with EtOAc (2 %
100 mL). The combined organic layers were then washed with brine (300 mL), dried (Na,;SOs),
filtered, and concentrated. Purification of the resultant crude product by flash column
chromatography (silica gel, hexanes/EtOAc = 10:1—4:1) providing the desired nitrile (8.67 g, 68%
yield) as a pale brown oil. [Note: this compound contains a minor impurity which produces
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signals at 2.70 ppm as well as a few other sites; removal of these consistent impurities did not
prove possible with several different developing solvents, even preparative TLC with different
solvents and collecting different portions of the main band. In all cases, we observed no
additional impurity by TLC but these signals are always present based on NMR analysis. We
also attempted silyl deprotection/reprotection and reduction/oxidation to reform this compound
without that impurity, but no fruitful results were obtained]. 13: R, = 0.29 (silica gel,
hexanes/EtOAc, 4:1); IR (film) vmay 2943, 2892, 2866, 2235, 1751, 1490, 1246, 1108 cm™'; 'H
NMR (500 MHz, CDCls) 6 3.73 (t,J = 6.0 Hz, 2 H), 2.87 (ddq, /= 17.4, 4.1, 2.2 Hz, 1 H), 2.53
(ddt, J=12.9, 8.0, 2.0 Hz, 1 H), 2.46-2.40 (m, 2 H), 2.35 (ddt, /= 19.6, 12.2, 2.6 Hz, 1 H), 2.25
(td,/J=7.2,3.4Hz, 2 H), 2.14 (dd, J=10.1, 3.7 Hz, | H), 1.86 (ddd, /=128, 11.2, 8.9 Hz, 1 H),
1.74 (d, J= 1.2 Hz, 3 H), 1.72—1.66 (m, 2 H), 1.09—1.00 (m, 21 H); °*C NMR (125 MHz, CDCls)
o 212.6,121.3,82.3,76.2,61.8,57.5,41.7,35.2,34.2,31.9,25.3, 17.9, 16.7, 15.1, 11.9; HRMS
(ESI) calcd for C,,H3sNO,Si™ [M +H'] 376.2667, found 376.2667.

Exploration of Conia-ene reaction

(\ 0TIPS
OTIPS Allyl alcohol OTIPS o
OTIPS LDA, NCCO,Me toluene, 110 °C TBSO
- Me
THF,-78 °C j:>/ then TBSOT(, ’PerEt ,, TBSO VY
64% CH,Cl,, -78°C  Ajlly10,C

MeO,C
40% 0AIIyI

Silyl enol ether 18 and 19. To a flame-dried flask at 23 °C was added i-Pr,NH (3.71 mL,
26.5 mmol, 2.1 equiv) and THF (27 mL), and the resultant solution was cooled to 0 °C using an
ice-water bath. Next, n-BuLi (1.6 M in hexanes, 16.6 mL, 26.5 mmol, 2.1 equiv) was added
dropwise, generating a colorless solution. After stirring the reaction contents for 10 min at 0 °C,
the ice-water bath was exchanged for a dry ice-acetone bath to cool the solution to —78 °C. A
solution of nitrile 13 (4.74 g, 12.6 mmol, 1.0 equiv) in THF (90 mL) was then added quickly,
using an additional portion of THF (10 mL) to complete the transfer. The reaction solution
turned a red-brown color and was stirred for an additional 30 min at —78 °C before Mander’s
reagent (14, 1.52 mL, 18.9 mmol, 1.5 equiv) was added dropwise. The resultant solution was
then stirred at —78 °C for another 1 h. Upon completion, the reaction contents were quenched at
—78 °C by the addition of saturated aqueous NH4Cl (100 mL) and warmed to 23 °C. The
contents were then poured into a separatory funnel and the layers were separated. The aqueous
layer was further extracted with EtOAc (2 x 100 mL). The combined organic layers were then
washed with brine (300 mL), dried (Na,SO,), filtered, and concentrated. Purification of the
resultant residue by flash column chromatography (silica gel, hexanes/EtOAc = 8:1—4:1)
provided the desired B-ketoester 15 (3.51 g, 64% yield) as a pale-yellow oil and as an inseparable
mixture of diastereomers, also with enol form based on NMR analysis. 15: R,= 0.29 (silica gel,
hexanes/EtOAc, 4:1); IR (film) vmax 2943, 2893, 2865, 2230, 1734, 1717, 1705, 1635, 1464,
1386, 1254, 1124, 672 cm '; "H NMR (500 MHz, CHCl;, list major two diastereomers) & 3.79—
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3.76 (m, 3 H), 3.76-3.72 (m, 2 H), 3.47 (dd, J = 12.2, 8.4 Hz, 0.71 H), 3.26 (dd, J= 11.4, 8.7 Hz,
0.28 H), 3.07 (dd, J = 14.0, 5.4 Hz, 0.28 H), 2.94-2.88 (m, 1 H), 2.88-2.80 (m, 0.28 H), 2.78—
2.72 (m, 1 H), 2.72-2.67 (m, 0.28 H), 2.66-2.56 (m, 0.71 H), 2.55-2.49 (m, 0.56 H), 2.39 (ddt, J
=16.9, 10.1, 2.3 Hz, 1 H), 2.35-2.33 (m, 1 H), 2.30-2.23 (m, 3 H), 2.22-2.14 (m, 0.56 H), 1.81
(s, 2 H), 1.77-1.67 (m, 3 H), 1.08-1.01 (m, 21 H); °C NMR (125 MHz, CDCls) & 205.3, 168.1,
120.8, 82.9, 75.6, 61.8, 57.4, 53.0, 52.3, 51.5, 51.2, 50.8, 39.8, 37.7, 32.1, 32.0, 31.7, 25.0, 19.2,
18.0, 16.8, 15.2, 15.1, 15.0, 12.2, 12.0; HRMS (ESI) calcd for C,4H4NO,Si" [M + H'] 434.2721,
found 434.2719.

Pushing forward, the newly formed B-ketoester 15 was dissolved in a mixture of toluene
(40 mL) and allyl alcohol (10 mL), and the reaction contents were then heated directly to 110 °C
using a pre-heated oil bath. After stirring at 110 °C for 3 h, the reaction contents were then
cooled to 23 °C and concentrated directly. Finally, the resultant crude product was then
dissolved in CH,Cl, (81 mL) and i-Pr,NEt (7.04 mL, 40.4 mmol, 5.0 equiv) was added at 23 °C.
The resultant solution was then cooled to —78 °C using a dry ice-acetone bath and TBSOTT (3.72
mL, 16.2 mmol, 2.0 equiv) was added dropwise. After stirring the resultant solution for 30 min
at —78 °C, the reaction was quenched by the addition of saturated aqueous NaHCO;3 (60 mL).
The reaction contents were then warmed to 23 °C, poured into a separatory funnel, and the layers
were separated. The aqueous layer was further extracted with CH,Cl, (2 x 60 mL). The
combined organic layers were then washed with brine (150 mL), dried (Na,SO,), filtered, and
concentrated. Purification of the resultant residue by flash column chromatography (silica gel,
hexanes/EtOAc = 20:1), providing a mixture of silyl enol ethers 18 and 19 (1.86 g, 40% yield) as
a pale-yellow oil. 18 and 19: R, = 0.59 (silica gel, hexanes/EtOAc, 4:1); IR (film) vimax 2942,
2893, 2865, 2232, 1720, 1703, 1635, 1463, 1390, 1251, 1231, 1133, 1108, 1067, 1057, 1013, 995,
841, 788 cm™'; '"H NMR (400 MHz, C¢D¢) & 5.73 (ddtd, J = 18.0, 10.7, 5.6, 2.0 Hz, 1 H), 5.09
(ddt,J=17.2,3.6, 1.7 Hz, 1 H), 4.97 (ddt, J=10.4, 2.7, 1.4 Hz, 1 H), 4.45 (dd, J= 5.6, 1.5 Hz, 2
H), 3.71-3.60 (m, 2 H), 3.24 (dd, J = 14.9, 1.9 Hz, 0.67 H), 2.98-2.87 (m, 0.67 H), 2.68 (ddt, J
=17.1, 4.5, 2.4 Hz, 0.67 H), 2.61-2.54 (m, 0.67 H), 2.51 (dd, J = 15.0, 1.6 Hz, 0.33 H), 2.40—
2.31 (m, 1 H), 2.22 (tq, /= 6.9, 2.4 Hz, 2 H), 2.14 (ddd, J = 6.2, 4.0, 1.5 Hz, 0.67 H), 2.10 (dt, J
=9.2,2.4 Hz, 033 H), 1.70-1.61 (m, 2 H), 1.17 (s, 1 H), 1.11-1.06 (m, 23 H), 0.95-0.90 (m, 9
H), 0.31 (d, J = 18.3 Hz, 3 H), 0.15 (d, J = 17.8 Hz, 3 H); °C NMR (100 MHz, C4D¢) 5 163.70,
163.67, 163.65, 163.1, 133.64, 133.61, 125.9, 122.9, 118.2, 107.5, 106.5, 83.9, 83.7, 76.67, 76.65,
64.9, 62.8, 57.1, 55.2, 42.5, 42.2, 37.2, 36.5, 33.0, 32.9, 27.7, 26.5, 26.44, 21.1, 20.2, 19.29,
19.25, 18.89, 18.87, 18.7, 17.9, 16.2, 16.1, 12.9, 3.2, 3.3, 3.6, —3.8; HRMS (ESI) calcd for
C3,HssNNaO,4Si; " [M + Na'] 596.3562, found 596.3560.

OTIPS Me_ _CN
L\
OTIPS \ [Au] SN y

(o] N —_— (o) s +
Me conditions Me 0” co,Me
“’CN “'CN
MeO,C MeO,C TIPSO
15 16 17
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General procedure for Conia-ene reactions performed as part of condition screening:
To a flame-dried flask at 23 °C was added a solution of substrate 15 (1.0 equiv) in the indicated
solvent (at a final concentration of 0.10 M). The indicated gold salt (0.20 equiv) and (if
applicable) silver salt (0.20 equiv) were then added subsequently, forming a pale-yellow
suspension. If needed, the suspension was then directly placed in pre-heated oil bath, and the
resultant solution was either stirred at 23 °C or 40 °C for 24 h. Upon completion, the reaction
contents were filtered through a pad of Celite (eluting with CH,Cl,). The filtrate was then
concentrated directly and characterized by NMR analysis. 16: R, = 0.33 (silica gel,
hexanes/EtOAc, 4:1); IR (film) vmax 2943, 2891, 2866, 2235, 1752, 1675, 1652, 1472, 1457,
1237, 1104, 882 cm™'; '"H NMR (500 MHz, CDCL3) & 4.91 (dd, J = 6.4, 2.3 Hz, 1 H), 3.77 (s, 3
H), 3.75 (t, /= 6.3 Hz, 2 H), 3.19 (dd, J = 15.0, 1.4 Hz, 1 H), 2.82-2.74 (m, 1 H), 2.65 (dd, J =
14.9, 2.2 Hz, 1 H), 2.50-2.43 (m, 1 H), 2.42-2.32 (m, 3 H), 1.81 (p, J = 6.8 Hz, 2 H), 1.59 (s, 3
H), 1.15-1.03 (m, 21 H); °C NMR (126 MHz, CDCl3) § 164.1, 159.0, 152.4, 122.7, 102.0, 95.9,
62.3,51.2,46.9,41.2,40.8,29.2,24.2, 21.8, 18.0, 12.0; HRMS (ESI) calcd for C,4H3;oNNaO4Si"
[M + Na'] 456.2541, found 456.2545. 17: R;= 0.31 (silica gel, hexanes/EtOAc, 4:1); IR (film)
Vimax 2943, 2892, 2866, 2237, 1768, 1737, 1652, 1470, 1455, 1233, 1104, 882 cm'; 'H NMR
(500 MHz, CDCl3) 6 5.51 (brs, 1 H), 3.82 (s, 3 H), 3.72 (t, /= 6.0 Hz, 2 H), 3.05 (d, /= 18.2 Hz,
1 H),2.95(d,J=18.1 Hz, 1 H), 2.88 (d, J=13.9 Hz, 1 H), 2.61 (d, J=13.8 Hz, 1 H), 2.45 (t,J
=3.4Hz, 1 H), 2.33-2.20 (m, 1 H), 2.15-2.04 (m, 1 H), 1.78-1.63 (m, 2 H), 1.51 (s, 3 H), 1.10—
1.02 (m, 21 H); °C NMR (126 MHz, CDCl;) & 205.0, 168.2, 143.4, 122.7, 119.4, 62.5, 62.1,
53.1,52.6, 46.5, 36.5, 34.0, 31.0, 29.9, 28.4, 18.0, 11.9; HRMS (ESI) calcd for C,4H3;oNNaO4Si"
[M + Na'] 456.2541, found 456.2542.

Table S1. Condition screening for Conia-ene reaction of 15

Entry Catalyst Condition Result CyJohnphos: Q
1 Ph;PAUNTf, CH,Cl,, 23 °C 16:17 = 4:1
2 Ph3;PAuCI/AgOTf CH,CI,, 23 °C Only 16
3 CyJohnPhosAuCI/AgOTf CH,Cl,, 40 °C 16:17 = 2:1
4 CyJohnPhosAuCI/AgOTf tol, 40 °C 16:17=1:1
5 CyJohnPhosAuCI/AgOTf tol/'BuOH, 40 °C 16:17 =10:1 O
6  CyJohnPhosAuCl/AgOTf acetone, 40 °C Only 16 L
7 CyJohnPhosAuCI/AgOTf CH;CN, 40 °C Unkown product Me Me
8
9

CyJohnPhosAuCI/AgBF, tol, 40 °C 16:17 = 8:1 Me N/_\N Me
CyJohnPhosAuCl/AgSbFg tol, 40 °C 16:17 = 10:1 \(
LAUNTf, (0.2 eq.) tol, 40 °C NR e AuNTE |

-
o
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N Me.__CN
(\ 0T|Ps\ \
OTIPS

\ o. 3 JohnPhosAu(NCMe)SbF 7
TBSO_ Me - >
Me T 4 CH,CL,/’PrOH = 10:1,40°C O~ CO,R
7 TBSO, A CN 62%
AllylO,C N TIPSO
e OAllyl R = allyl
18 19 20

B-ketoester 20. A mixture of silyl enol ethers 18 and 19 (2.98 g, 5.20 mmol, 1.0 equiv)
were dissolved in CHyCl, (47 mL) and i-PrOH (4.7 mL) at 23 °C and then
JohnPhosAu(NCMe)SbF¢ (1.20 g, 1.56 mmol, 0.30 equiv) was added. The resultant solution
was then warmed to 40 °C using a pre-heated oil bath and stirred at that temperature for 48 h,
during which time the original yellow solution gradually turned a dark brown and a participate
formed. Once the reaction appeared complete, as judged by no obvious turnover based on TLC
analysis, the reaction contents were cooled to 23 °C and concentrated directly. Purified the
resultant residue by flash column chromatography (silica gel, hexanes/EtOAc = 16:1—4:1),
providing the desired B-ketoester (1.48 g, 62% yield) as a pale brown oil. 20: Ry = 0.43 (silica
gel, hexanes/EtOAc, 4:1); IR (film) vimax 2943, 2892, 2867, 2238, 1768, 1734, 1652, 1463, 1386,
1248, 1106, 995, 882 cm'; 'H NMR (400 MHz, CDCl3) § 5.93 (ddt, J=17.3, 10.4, 5.9 Hz, 1 H),
5.50 (dd, J=4.5,23 Hz, 1 H), 538 (dq, J=17.2, 1.5 Hz, 1 H), 5.27 (dt, /= 10.4, 1.3 Hz, 1 H),
4.74 (ddt, J=13.1, 6.0, 1.4 Hz, 1 H), 4.66 (ddt, /= 13.1, 6.0, 1.4 Hz, 1 H), 3.69 (t, J = 6.0 Hz, 2
H), 3.03 (ddd, /= 18.1, 4.4,2.2 Hz, 1 H), 2.98-2.90 (m, 1 H), 2.87 (d, /= 13.8 Hz, 1 H), 2.60 (d,
J=13.8 Hz, 1 H), 2.44 (dd, J=4.4, 2.5 Hz, 1 H), 2.30-2.19 (m, 1 H), 2.17-2.06 (m, 1 H), 1.69
(dddd, J=10.1, 7.8, 6.8, 3.7 Hz, 2 H), 1.50 (s, 3 H), 1.07-1.03 (m, 21 H); °C NMR (100 MHz,
CDCls) 6 204.8, 167.4, 143.3, 131.4, 122.7, 119.5, 119.2, 66.4, 62.5, 62.0, 53.0, 46.5, 36.5, 33.9,
31.1,29.9,28.4,25.9, 18.0, 12.0, 11.9; HRMS (ESI) calcd for C2sH4,NO,4Si™ [M + H'] 460.2878,
found 460.2876.

General procedure for Conia-ene reactions performed as part of condition screening:
To a flame-dried flask at 23 °C was added a solution of substrate mixture 18 and 19 (1.0 equiv)
in the indicated solvent (at a final concentration of 0.10 M). The indicated gold salt (0.20 equiv)
and (if applicable) silver salt (0.20 equiv) were then added subsequently, forming a pale-yellow
suspension. If needed, the suspension was then directly placed in pre-heated oil bath, and the
resultant solution was either stirred at 23 °C or 40 °C for 48 h. Upon completion or no further
conversion based on TLC analysis, the reaction contents were filtered through a pad of Celite
(eluting with CH,Cly). The filtrate was then concentrated and purified by flash column
chromatography (silica gel, hexanes/EtOAc = 16:1—4:1).
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Table S2. Condition screening for Conia-ene reaction of 18 and 19

Catalyst Condition Result
1 Ph3;PAuUNTf, (0.2 eq.) CH,Cl,, 40 °C 20% (42% brsm)
2 Ph;PAuCI/AgSbFg (0.2 eq.) CH,CI,/'/PrOH, 40 °C  low conversion
3 JohnPhosAu(NCMe)SbFg (0.2 eq.) acetone, 40 °C 50% (55% brsm)
4 Ph,PAUNTY, (0.2 eq.) tol/'BUOH, 40 °C  22% (31% brsm)
52 JohnPhosAu(NCMe)SbFg (0.2 eq.) acetone, 40 °C 30% conversion
62 JohnPhosAu(NCMe)SbFg (0.2 eq.)  acetone, 23 °C N.R.
72 Ph;PAUNTY, (0.2 eq.) CH,CI,/'PrOH, 23 °C N.R.
8 JohnPhosAu(NCMe)SbFg (0.3 eq.) CH2Cl,/'PrOH, 40 °C 62%

a: with additives 4 l.\ MS and 2,4,6-tri-tert-butylpyrimidine

Synthesis of key common intermediate ketone 7

Me CN Me CN
/ CeC|3'7H20 H /
l0) CO.R NaBH4, MeOH COZR
2 o°cto2zec  HO
TIPSO 84% TIPSO
R = allyl R = allyl
20 S6

Alcohol S6. B-ketoester 20(1.48 g, 3.22 mmol, 1.0 equiv) was dissolved in MeOH (32
mL) at 23 °C and then CeCl3*7H,0O (1.44 g, 3.86 mmol, 1.2 equiv) was added. After all the
solids had dissolved, the resultant solution was then cooled to 0 °C using an ice-water bath and
NaBH,4 (0.180 g, 4.83 mmol, 1.5 equiv) was added in a single portion. After the solution stopped
bubbling, the reaction contents were stirred at 0 °C for another 5 min and then the ice-water bath
was removed. The resultant contents were then stirred at 23 °C for 30 min. Upon completion,
the reaction contents were diluted by the addition of CH,Cl, (32 mL) and quenched with
saturated aqueous NH4Cl (60 mL). The reaction contents were the poured into a separatory
funnel and the resultant layers were separated. The aqueous layer was then further extracted
with CH,Cl, (3 X 60 mL). The combined organic layers were then washed with brine (120 mL),
dried (Na,SO,), filtered, and concentrated. Purification of the resultant residue by flash column
chromatography (silica gel, hexanes/EtOAc = 4:1—2:1) provided the desired alcohol (1.25 g, 84%
yield) as a colorless oil. S6: Ry=0.19 (silica gel, hexanes/EtOAc, 4:1); IR (film) vmax 3527, 2942,
2892, 2866, 2235, 1734, 1717, 1669, 1457, 1437, 1382, 1292, 1248, 1105, 1072, 883 cm '; 'H
NMR (400 MHz, CDCl3) 6 5.91 (ddt, J = 16.5, 10.3, 6.0 Hz, 1 H), 5.62-5.49 (m, 1 H), 5.35 (dq,
J=17.2,1.5Hz, 1 H), 5.30-5.24 (m, 1 H), 4.65 (ddt, J=5.7,2.6, 1.3 Hz, 2 H), 4.23 (dd, J= 5.5,
1.8 Hz, 1 H), 3.67 (t, J= 6.1 Hz, 2 H), 3.17 (d, /= 2.8 Hz, 1 H), 2.74-2.66 (m, 1 H), 2.63 (d, J =
13.9 Hz, 1 H), 2.41 (ddd, J = 18.4, 4.6, 2.2 Hz, 1 H), 2.25 (dt,J=5.2,2.6 Hz, 1 H), 2.17 (d, J =
13.8 Hz, 1 H), 2.02 (h, J= 5.4, 4.2 Hz, 2 H), 1.73-1.62 (m, 2 H), 1.50 (s, 3 H), 1.09-0.99 (m, 21
H); °C NMR (100 MHz, CDCl3) & 173.3, 136.1, 131.2, 124.0, 120.6, 119.6, 71.7, 65.9, 62.6,
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56.5,47.6, 45.8, 35.9, 30.9, 29.8, 28.9, 27.7, 18.0, 11.9; HRMS (ESI) calcd for CH44NO4Si" [M
+H'] 462.3034, found 462.3032.

Me CN Me CN
H Z_ TBSOTf, 2,6-utidine H 7
HOCOR CH,Ccl,  TBSOCOR

TIPSO 86% TIPSO
R = allyl R = allyl
S6 21

Silyl ether 21. Alcohol S6 (1.25 g, 2.71 mmol, 1.0 equiv) was dissolved in CH,Cl, (27
mL) and 2,6-lutidine (1.57 mL, 13.5 mmol, 5.0 equiv) was added at 23 °C. Next, TBSOTT (0.93
mL, 4.06 mmol, 1.5 equiv) was added dropwise. The resultant solution was then stirred for 4 h
Stirred the reaction for 4 h at 23 °C. Upon completion, the reaction contents were quenched by
the addition of saturated aqueous NaHCOs (25 mL), poured into a separatory funnel, and the
resultant layers were separated. The aqueous layer was then further extracted with (2 x 30 mL).
The combined organic layers were then washed with brine (90 mL), dried (Na,SOy), filtered, and
concentrated. Purification of the resultant crude residue by flash column chromatography (silica
gel, hexanes/EtOAc = 16:1) provided the desired silyl ether (1.34 g, 86% yield) as a colorless oil.
21: Ry=0.69 (silica gel, hexanes/EtOAc, 4:1); IR (film) vimax 2939, 2892, 2865, 2235, 1733, 1653,
1472, 1457, 1247, 1138, 1102, 873, 838 cm '; '"H NMR (500 MHz, CDCl3) § 5.92 (ddt, J = 16.7,
10.3, 6.1 Hz, 1 H), 5.46 (br s, 1 H), 5.38-5.28 (m, 1 H), 5.24 (dq, J = 10.4, 1.3 Hz, 1 H), 4.66
(ddt, J=13.1, 6.0, 1.4 Hz, 1 H), 4.50 (ddt, J=13.0, 6.1, 1.4 Hz, 1 H), 4.20 (d, /= 5.3 Hz, 1 H),
3.71-3.62 (m, 2 H), 2.64 (d, J=17.9 Hz, 1 H), 2.50 (d, /= 13.8 Hz, 1 H), 2.39-2.27 (m, 2 H),
2.23-2.13 (m, 1 H), 2.05 (s, 2 H), 1.66 (ddt, J = 24.6, 12.3, 6.1 Hz, 2 H), 1.52 (s, 3 H), 1.08-1.00
(m, 21 H), 0.87 (s, 9 H), 0.03 (d, J= 5.2 Hz, 6 H); °C NMR (100 MHz, CDCl;) § 172.4, 137.0,
131.8, 124.3, 119.7, 119.1, 73.5, 65.8, 62.9, 57.4, 48.1, 47.6, 35.7, 31.5, 31.2, 3.1, 29.1, 28.0,
26.0, 25.7, 18.0, 11.9, 5.0, —5.1; HRMS (ESI) caled for C3,HssNO,Si," [M + H'] 576.3899,
found 576.3896.

Me CN Me CN
H 4 (Phs;P),Pd, pyrolidine H 4
1BS0COR MeCN, 0°C to 23°C TBS0CO2H
TIPSO 82% TIPSO
R = allyl
v s7

21

Carboxylic acid S7. Silyl ether 21 (1.34 g, 2.33 mmol, 1.0 equiv) was dissolved in
MeCN (23 mL) and pyrrolidine (0.229 mL, 2.79 mmol, 1.2 equiv) was added at 23 °C. The
resultant solution was then cooled to 0 °C using an ice-water bath, and Pd(Phs;P)4 (1.07 g, 0.930
mmol, 0.4 equiv) was added. After the reaction contents were stirred at 0 °C for 5 min, the ice-
water bath was removed and the reaction contents were stirred at 23 °C for 1 h. Upon
completion, the reaction contents were diluted with EtOAc (10 mL) and quenched by the
addition of 3 M HCI (20 mL). The reaction contents were then poured into a separatory funnel
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and the resultant layers were separated. The aqueous layer was further extracted with EtOAc (3
x 30 mL). The combined organic layers were then washed with brine (90 mL), dried (Na,SO.,),
filtered, and concentrated. Purification of the resultant residue by flash column chromatography
(silica gel, hexanes/EtOAc = 6:1—4:1) provided the desired carboxylic acid (1.03 g, 82% yield)
as a white solid. S7: Ry= 0.57 (silica gel, hexanes/EtOAc, 4:1); IR (film) vimax 2940, 2892, 2865,
2236, 1700, 1653, 1457, 1436, 1254, 1140, 1108, 872, 838 cm'; '"H NMR (400 MHz, CDCl3) &
5.56 (s, 1 H), 4.24 (d, J=5.3 Hz, 1 H), 3.69 (td, J = 6.3, 2.5 Hz, 2 H), 2.63-2.53 (m, 2 H), 2.45
(d,J=18.4Hz, 1 H), 2.21-1.98 (m, 4 H), 1.76-1.65 (m, 2 H), 1.52 (s, 3 H), 1.10-1.02 (m, 21 H),
0.92 (s, 9 H), 0.15 (s, 6 H); °C NMR (100 MHz, CDCl3) § 174.9, 135.8, 123.8, 120.2, 72.8, 62.6,
57.2,16.9, 46.7, 35.7, 31.17, 29.5, 29.0, 27.9, 25.6, 18, 11.9, —4.6, —5.3; HRMS (ESI) calcd for
CyoHs4NO4Si,  [M + H'] 536.3586, found 536.3587.

Figure S1. X-ray structure of carboxylic acid S7

Me CN

1BsOC0OH

TIPSO
S7

Me. CN Me CN
DPPA, Et;N
H jJ ———» H /
toluene, 120 °C
1850%°M / “irentBuok  TBSON'EOC
TIPSO 82% TIPSO
s7 22

Boc amide 22. Carboxylic acid S7 (1.03 g, 1.92 mmol, 1.0 equiv) was dissolved in
toluene (20 mL) at 23 °C and then EtzN (0.535 mL, 3.84 mmol, 2.0 equiv) and diphenyl
phosphoryl azide (0.620 mL, 2.88 mmol, 1.5 equiv) were added sequentially. After stirring the
resultant solution for 30 min at 23 °C, the reaction contents were heated at 120 °C using a pre-
heated oil bath and stirred for an additional 1 h at that temperature. Upon completion, the
reaction contents were cooled to 23 °C and #~-BuOK (1.0 M in ~-BuOH, 3.84 mL, 3.84 mmol, 2.0
equiv) was added and the reaction contents were stirred for another 1 h at 23 °C, during which
time the color of the reaction solution transformed into a pale yellow suspension. Upon
completion, the reaction contents were quenched by the addition of saturated aqueous NH4Cl (20
mL). The reaction contents were then poured into a separatory funnel and the resultant layers
were separated. The aqueous layer was further extracted with EtOAc (2 x 20 mL). The
combined organic layers were then washed with brine (50 mL), dried (Na,SOs), filtered, and
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concentrated. Purification of the resultant residue by flash column chromatography (silica gel,
hexanes/EtOAc = 10:1) provided the desired Boc amide intermediate (0.971 g, 82% yield) as a
colorless oil. 22: Ry = 0.62 (silica gel, hexanes/EtOAc, 4:1); IR (film) vmax 3470, 3438, 2940,
2894, 2865, 2235, 1719, 1496, 1472, 1463, 1390, 1366, 1250, 1165, 1135, 1105, 1010, 880, 838
cm'; 'TH NMR (400 MHz, CDCl3) § 5.41-5.32 (m, 1 H), 4.68 (s, 1 H), 4.40 (d, J= 5.2 Hz, 1 H),
3.70 (t, J=6.2 Hz, 2 H), 2.64 (d, J=13.4 Hz, 1 H), 2.56-2.46 (m, 2 H), 2.32 (ddd, J = 18.0, 4.4,
2.2 Hz, 1 H), 2.14-2.06 (m, 2 H), 2.00-1.93 (m, 1 H), 1.67 (ddd, J = 14.0, 7.8, 6.2 Hz, 2 H), 1.54
(s, 3 H), 1.42 (s, 9 H), 1.05 (s, 21 H), 0.88 (s, 9 H), 0.08 (d, J = 7.5 Hz, 6 H); >C NMR (100
MHz, CDCls) 6 154.8, 139.4, 124.5, 119.8, 79.2, 72.0, 63.0, 62.7, 47.1, 45.9, 35.7, 32.1, 29.2,
28.4,28.1,27.5, 25.6, 18.0, 17.9, 11.9, —4.8, —5.0; HRMS (ESI) calcd for C33Hs,N,NaO,4Si,” [M
+Na'] 629.4140, found 629.4137.

Me CN Me._ CHO
H Z DIBAL-H H Y,
—_—
TBsoNHBoC 7 toluene, 0°C  tBsoNHBOC
0,
TIPSO 85% TIPSO
22 ss

Aldehyde S8. The Boc amide intermediate 22 (0.960 g, 1.58 mmol, 1.0 equiv) was
dissolved in toluene (16 mL) and then the reaction solution was cooled to 0 °C using an ice-
water bath. Next, DIBAL-H (20 wt % in toluene, 5.27 mL, 6.32 mmol, 4.0 equiv) was added
dropwise, and then the reaction contents were stirred for an additional 15 min at 0 °C. Upon
completion, the reaction contents were quenched by the addition of saturated aqueous Rochelle’s
salt (16 mL). The resultant biphasic reaction contents were then warmed to 23 °C and stirred for
40 min until both layers became clear. The reaction contents were then poured into a separatory
funnel and the resultant layers were separated. The aqueous layer was further extracted with
EtOAc (2 x 15 mL). The combined organic layers were then washed with brine (20 mL), dried
(NaxSO,), filtered, and concentrated. Purification of the resultant residue by flash column
chromatography (silica gel, hexanes/EtOAc = 10:1), providing the desired aldehyde (0.828 g, 85%
yield) as a colorless oil. S8: Ry=0.65 (silica gel, hexanes/EtOAc, 4:1); IR (film) vimax 3437, 2930,
2894, 2865, 2712, 1724, 1720, 1506, 1496, 1472, 1457, 1388, 1366, 1250, 1168, 1136, 1101, 884,
837 cm™'; 'H NMR (400 MHz, CDCl3) § 9.60 (s, 1H), 5.17 (dt, J = 3.9, 2.0 Hz, 1 H), 4.72 (s, 1
H), 4.42 (s, 1 H), 3.69 (t,J= 6.3 Hz, 2 H), 2.78 (d, /= 13.5 Hz, 1 H), 2.38 (dt, /= 18.0, 3.4 Hz,
1 H), 2.19-2.07 (m, 3 H), 2.04-1.99 (m, 1 H), 1.91 (ddd, J = 18.2, 4.6, 2.1 Hz, 1 H), 1.71-1.61
(m, 2 H), 1.43 (s, 9 H), 1.23 (s, 3H), 1.12-0.97 (m, 21 H), 0.88 (s, 9 H), 0.10 (s, 3 H), 0.07 (s, 3
H); °C NMR (100 MHz, CDCl;) & 205.5, 155.0, 140.8, 118.6, 79.0, 74.0, 63.5, 62.9, 49.6, 46.7,
41.8, 32.3, 28.4, 27.6, 25.7, 25.6, 24.9, 18.0, 18.0, 12.0, 4.7, —4.9; HRMS (ESI) calcd for
C33He:NNaOsSi; " [M + Na'] 632.4137, found 632.4138.
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Me CHO Me CO,H
NaClO,, NaH,PO*2H,0

H Y 2-methyl-2-butene H Y
tBsoNHBoc 'BUOHMH,0=1:1  TtBsoNHBoc
TIPSO 95% TIPSO
S8 23

Carboxylic acid 23. Aldehyde S8 (0.825 g, 1.35 mmol, 1.0 equiv) was dissolved in #-
BuOH (13.5 mL) at 23 °C and then H,O (13.5 mL), 2-methyl-2-butene (4.5 mL), and
NaH,PO42H,0 (4.21 g, 27.0 mmol, 20 equiv) were added sequentially. After all the solids had
dissolved, NaClO, (1.22 g, 13.5 mmol, 10 equiv) was then added and the initially cloudy
solution turned yellow in color. The resultant solution was stirred for an additional 40 min at
23 °C for 40 min during which time it became colorless. Upon completion, the reaction contents
were diluted with EtOAc (15 mL), poured into a separatory funnel, and the layers were separated.
The aqueous layer was further extracted with EtOAc (2 x 15 mL). The combined organic layers
were then washed with brine (20 mL), dried (Na,SO,), filtered, and concentrated. Purification of
the resultant residue by flash column chromatography (silica gel, hexanes/EtOAc = 4:1) provided
the desired carboxylic acid (0.801 g, 95% yield) as a colorless oil. 23: R, = 0.30 (silica gel,
hexanes/EtOAc, 4:1); IR (film) vmax 3470, 2940, 2893, 2865, 1718, 1654, 1496, 1463, 1390,
1251, 1165, 1127, 1104, 880, 837 cm '; "H NMR (500 MHz, CDCl3) § 5.14 (d, J = 3.8 Hz, 1 H),
4.71 (s, 1 H), 4.59 (s, 1 H), 3.67 (t,J= 6.3 Hz, 2 H), 2.89 (d,J=13.4 Hz, 1 H), 2.37 (d, J=17.8
Hz, 1 H), 2.20 (d, J=13.4 Hz, 1 H), 2.09-1.95 (m, 4 H), 1.64 (p, /= 7.0 Hz, 2 H), 1.48 (s, 3 H),
1.42 (s, 9 H), 1.11-0.97 (m, 21 H), 0.86 (s, 9 H), 0.08 (s, 3 H), 0.06 (s, 3 H); °C NMR (125
MHz, CDCls) 6 182.1, 154.8, 139.2, 119.0, 78.8, 73.0, 72.9, 68.0, 63.3, 62.9, 47.6, 46.9, 42.8,
32.1, 29.7, 29.5, 28.4, 27.7, 26.6, 25.7, 18.0, 17.9, 12.0, 4.7, —4.9; HRMS (ESI) calcd for
C33He:NNaOgSi; " [M + Na'] 648.4086, found 648.4086.

(o]
Me CO,H Me o
NIS, CH,Cl,
H / e
74% NHR
TBSONHBOC ° TBSO i
TIPSO TIPSO
R =Boc
= 24

Todolactone 24. Carboxylic acid 23 (0.800 g, 1.28 mmol, 1.0 equiv) was dissolved in
CH,Cl; (13 mL) at 23 °C and N-iodosuccinimide (1.44 g, 6.39 mmol, 5.0 equiv) was then added
in a single portion, leading initially to the formation of a white participate and eventually a
purple colored solution. The reaction contents were stirred at 23 °C for 6 h. Upon completion,
the reaction was quenched by the addition of 3 M Na,S,03 (13 mL). The reaction contents were
then poured into a separatory funnel and the resultant layers were separated. The aqueous layer
was further extracted with CH,Cl, (2 X 15 mL). The combined organic layers were then washed
with brine (20 mL), dried (Na,SQOy), filtered, and concentrated. Purification of the resultant
residue by flash column chromatography (silica gel, hexanes/EtOAc = 16:1), providing the
iodolactone (0.712 g, 74% yield) as a colorless oil. 24: Ry = 0.58 (silica gel, hexanes/EtOAc,
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4:1); TR (film) vimax 3362, 2941, 2880, 1735, 1700, 1653, 1472, 1455, 1367, 1167, 1110, 1012,
619 cm™'; 'TH NMR (500 MHz, CDCl3) & 4.93 (s, 1 H), 4.86 (d, J= 3.0 Hz, 1 H), 4.46 (s, 1 H),
3.78 (dt, J=10.9, 5.5 Hz, 1 H), 3.70 (dt, /= 9.9, 6.2 Hz, 1 H), 2.93 (dd, J = 14.2, 2.5 Hz, 1 H),
2.57 (d, J=14.5 Hz, 1 H), 2.49-2.38 (m, 1 H), 2.04-1.88 (m, 4 H), 1.82-1.70 (m, 2 H), 1.41 (s,
9 H), 1.31 (s, 3 H), 1.03 (d, J = 5.1 Hz, 21 H), 0.95 (s, 9 H), 0.17 (s, 3 H), 0.10 (s, 3 H); °C
NMR (125 MHz, CDCl;) § 175.8, 154.1, 80.6, 64.1, 62.6, 60.6, 41.9, 41.5, 35.6, 34.6, 31.5, 29.2,
28.3,25.9,25.2,24.6,23.7,22.6, 18.0, 11.9, —4.5, —5.2; HRMS (ESI) calcd for C33Hg:INOgSi, "
[M + H'] 752.3233, found 752.3232.

o o
Me
Me 0 o)
H Et3B, BU3SnH H H
NHR toluene, 0 °C tggoNHR
TBSO | air, 91%
TIPSO
R =Boc TIPSO
24 R =Boc
25

Lactone 25. Iodoalcohol 24 (0.270 g, 0.359 mmol, 1.0 equiv) was dissolved in toluene
(7.2 mL) at 23 °C and then cooled to 0 °C with an ice-water bath. Next, n-Bus;SnH (0.157 g,
0.538 mmol, 1.5 equiv) and Et;B (1.0 M in hexane, 0.359 mL, 0.359 mmol, 1.0 equiv) were then
added sequentially, and 1.0 mL of air from syringe was subsequently bubbled through the
solution to initiate the reaction. The reaction contents were then stirred for 15 min at 0 °C.
Upon completion, the reaction contents were quenched by the addition of saturated aqueous
NaHCO; (5 mL). The reaction contents were then poured into a separatory funnel and the
resultant layers were separated. The aqueous layer was further extracted with EtOAc (2 x 5 mL).
The combined organic layers were then washed with brine (10 mL), dried (Na,SOy), filtered, and
concentrated. Purification of the resultant residue by flash column chromatography (silica gel,
hexanes/EtOAc = 8:1) provided the desired lactone (0.201 g, 91% yield) as a colorless oil. 25:
Ry=0.54 (silica gel, hexanes/EtOAc, 4:1); 'H NMR (500 MHz, CDCl3)  4.79 (s, 1 H), 4.43 (s, 1
H), 4.33-4.22 (m, 1 H), 3.68 (t, /= 6.5 Hz, 2 H), 2.45 (d, /= 14.0 Hz, 1 H), 2.38 (d, /= 13.4 Hz,
1 H), 2.34-2.29 (m, 1 H), 2.07-1.98 (m, 1 H), 1.95 (d, J = 6.2 Hz, 1 H), 1.87-1.77 (m, 1 H),
1.71-1.59 (m, 3 H), 1.42 (s, 9 H), 1.39-1.34 (m, 1 H), 1.31 (s, 3 H), 1.07-1.03 (m, 21 H), 0.92 (s,
9H), 0.13 (s, 3 H), 0.08 (s, 3 H).

o)
Me Me
0 o]
H TBAF, THF H
NHR 0°C NHR
HO
TBSO™™ 92% I
TIPSO TIPSO
R =Boc R =Boc
24 26

Todoalcohol 26. Iodolactone 24 (0.340 g, 0.452 mmol, 1.0 equiv) was dissolved in THF
(4.5 mL) at 23 °C and then was cooled to 0 °C with an ice-water bath. Next, TBAF (1.0 M in
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THF, 0.452 mL, 0.452 mmol, 1.0 equiv) was added dropwise. The resultant pale-yellow solution
was stirred for an additional 15 min at 0 °C. Upon completion, the reaction contents were
quenched by the addition of saturated aqueous NH4CI (4 mL). The reaction contents were then
poured into a separatory funnel and the resultant layers were separated. The aqueous layer was
further extracted with EtOAc (2 x 6 mL). The combined organic layers were then washed with
brine (10 mL), dried (NaxSO,), filtered, and concentrated. Purification of the resultant residue by
flash column chromatography (silica gel, hexanes/EtOAc = 8:1) provided the desired iodoalcohol
(0.266 g, 92% yield) as a colorless oil. 26: Ry= 0.34 (silica gel, hexanes/EtOAc, 4:1); IR (film)
Vmax 3365, 2942, 2880, 2865, 1734, 1700, 1653, 1472, 1457, 1367, 1166, 1105, 1012, 622 cm';
'H NMR (500 MHz, CDCl3) § 5.41 (s, 1 H), 5.20 (s, 1 H), 4.86 (s, 1 H), 4.56 (s, 1 H), 3.82 (dt, J
=10.5,5.1 Hz, 1 H), 3.71 (dt, J=12.5, 6.2 Hz, 1 H), 3.10 (d, /= 14.4 Hz, 1 H), 2.47 (d, J = 14.0
Hz, 1 H), 2.25 (s, 1 H), 2.07 (q,J=18.3, 16.3 Hz, 2 H), 1.87-1.74 (m, 4 H), 1.43 (s, 9 H), 1.31 (s,
3 H), 1.13-0.97 (m, 21 H); >C NMR (125 MHz, CDCl;) § 175.7, 154.9, 80.7, 74.6, 65.1, 62.3,
57.8, 45.4, 43.1, 42.0, 35.1, 29.6, 28.8, 28.2, 24.2, 24.1, 18.0, 11.9; HRMS (ESI) calcd for
C,7H4sINNaO4Si" [M + Na'] 660.2188, found 660.2184.

(o} (o]
M Me
e o o
y Et;B, BuzSnH
—>
NHR toluene, 0 °C NHBoc
HO i air, 98% HO
TIPSO TIPSO
R =Boc 27

26

Lactone 27. Iodoalcohol 26 (0.260 g, 0.408 mmol, 1.0 equiv) was dissolved in toluene
(8.2 mL) at 23 °C and then was cooled to 0 °C with an ice-water bath. Next, n-Bu3;SnH (0.178 g,
0.612 mmol, 1.5 equiv) and Et;B (1.0 M in hexane, 0.41 mL, 0.408 mmol, 1.0 equiv) were then
added sequentially and 1.0 mL of air from syringe was subsequently bubbled through the
solution to initiate the reaction. The reaction contents were then stirred for 15 min at 0 °C.
Upon completion, the reaction contents were quenched by the addition of saturated aqueous
NaHCO; (6 mL). The reaction contents were then poured into a separatory funnel and the
resultant layers were separated. The aqueous layer was further extracted with EtOAc (2 x 6 mL).
The combined organic layers were then washed with brine (10 mL), dried (Na,SOy), filtered, and
concentrated.  Purification of the resultant residue by flash column chromatography
(hexanes/EtOAc = 8:1) provided the desired lactone (0.205 g, 98% yield) as a colorless oil. 27:
Ry = 0.32 (silica gel, hexanes/EtOAc, 4:1); IR (film) vmax 3335, 2942, 2881, 2865, 1734, 1700,
1653, 1473, 1457, 1367, 1168, 1100, 1009 cm™'; '"H NMR (500 MHz, CDCl3) & 6.09 (s, 1 H),
5.104.99 (m, 1 H), 4.62 (q, J=2.8 Hz, 1 H), 4.28 (dd, J= 6.4, 2.7 Hz, 1 H), 3.71 (qd, J = 5.7,
2.5 Hz, 1 H), 3.66-3.55 (m, 1 H), 2.62 (d, /= 13.0 Hz, 2 H), 2.17 (q, J=4.5 Hz, 1 H), 2.02 (d, J
=13.1 Hz, 1 H), 1.70 (tdd, J = 11.6, 6.3, 2.5 Hz, 1 H), 1.65-1.59 (m, 1 H), 1.55-1.46 (m, 3 H),
1.43-1.37 (m, 10 H), 1.27 (s, 3 H), 1.08-0.98 (m, 21 H); °C NMR (125 MHz, CDCls) & 177.0,
156.6, 80.9, 76.6, 76.5, 63.7, 63.4, 44.6, 43.03, 42.96, 38.1, 30.3, 28.1, 26.8, 24.3, 21.7, 18.0,
11.8; HRMS (ESI) calcd for C,7H4NNaOgSi" [M + Na'] 534.3221, found 534.3217.
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Ketone 7. Lactone 27 (0.200 g, 0.391 mmol, 1.0 equiv) was dissolved in CH,Cl, (7.8 mL)
at 23 °C and then NaHCOs (0.328 g, 3.91 mmol, 10 equiv) and Dess—Martin periodinane (0.332
g, 0.782 mmol, 2.0 equiv) were added sequentially in single portions. The reaction contents were
then stirred for 30 min at 23 °C. Upon completion, the reaction contents were quenched by the
addition of saturated aqueous Na;S;O; (6 mL). The reaction contents were then poured into a
separatory funnel and the resultant layers were separated. The aqueous layer was further
extracted with EtOAc (2 x 6 mL). The combined organic layers were then washed with brine (10
mL), dried (Na,SO,), filtered, and concentrated. Purification of the resultant residue by flash
column chromatography (silica gel, hexanes/EtOAc = 8:1) provided the desired lactone (0.185 g,
93% yield) as a colorless oil. 7: Ry=0.32 (silica gel, hexanes/EtOAc, 4:1); IR (film) vimax 3335,
2942, 2881, 2865, 1734, 1700, 1653, 1473, 1457, 1367, 1168, 1100, 1009 cm™'; "H NMR (500
MHz, CDCls) 6 5.41 (s, 1 H), 5.20 (s, 1 H), 4.86 (s, 1 H), 4.56 (s, 1 H), 3.82 (dt, /= 10.5, 5.1 Hz,
1 H),3.71 (dt,J=12.5,6.2 Hz, 1 H), 3.10 (d, /= 14.4 Hz, 1 H), 2.47 (d, J= 14.0 Hz, 1 H), 2.25
(s, 1 H),2.07 (q, J=18.3, 16.3 Hz, 2 H), 1.87-1.74 (m, 4 H), 1.43 (s, 9 H), 1.31 (s, 3 H), 1.13—
0.97 (m, 21 H); °C NMR (125 MHz, CDCls)  175.7, 154.9, 80.7, 74.6, 65.1, 62.3, 57.8, 45.4,
43.1,42.0, 35.1, 29.6, 28.8, 28.2, 24.2, 24.1, 18.0, 11.9; HRMS (ESI) calcd for Co7H47NNaO4Si"
[M + Na'] 532.3065, found 532.3059.

Syntheses of Annotinolide D and Annotinolide C

lo) (o]
Me
Me. o o
TBAF, THE
—_—
0 °C to 23 °C
0” NHBoc 91% O” NHBoc
TIPSO HO
7 31

Alcohol 31. Ketone 7 (60.1 mg, 0.118 mmol, 1.0 equiv) was dissolved in THF (2.4 mL)
at 23 °C and then was cooled to 0 °C with an ice-water bath. Next, TBAF (1.0 M in THF, 0.177
mL, 0.177 mmol, 1.5 equiv) was added dropwise. The resultant pale-yellow solution was stirred
for an additional 1 h at 0 °C. Upon completion, the reaction contents were quenched by the
addition of saturated aqueous NH4Cl (2 mL). The reaction contents were then poured into a
separatory funnel and the resultant layers were separated. The aqueous layer was further
extracted with EtOAc (2 x 3 mL). The combined organic layers were then washed with brine (5
mL), dried (Na,SO,), filtered, and concentrated. Purification of the resultant residue by flash
column chromatography (silica gel, hexanes/acetone = 2:1—1:1) provided the desired alcohol
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(37.8 mg, 91% yield) as a colorless oil. 31: Ry= 0.48 (silica gel, hexanes/acetone, 1:1); IR (film)
Viax 3362, 2973, 2934, 2872, 1734, 1700, 1457, 1387, 1367, 1165, 1131, 1007 cm™'; '"H NMR
(500 MHz, CDCls) & 5.27 (s, 1 H), 4.62 (dq, J=4.2, 2.4 Hz, 1 H), 3.68 (dt, J=11.8, 6.0 Hz, 1
H), 3.63 (dt, J=10.9, 6.0 Hz, 1 H), 2.87 (d, J = 14.1 Hz, 1 H), 2.51-2.42 (m, 2 H), 2.24 (s, 1 H),
2.15 (td, J= 6.3, 3.0 Hz, 1 H), 2.12-1.98 (m, 1 H), 1.92 (d, J= 14.0 Hz, 1 H), 1.87-1.65 (m, 2 H),
1.51 (dtd, J=12.3, 6.0, 3.0 Hz, 1 H), 1.41 (s, 9 H), 1.34 (s, 3 H); °C NMR (125 MHz, CDCl;) &
209.2, 174.8, 154.8, 80.1, 73.9, 66.7, 62.3, 52.1, 48.4, 40.8, 39.2, 37.0, 29.9, 28.2, 24.3, 21.5;
HRMS (ESI) calcd for C1gH,7NNaOs" [M + Na'] 376.1731, found 376.1724.

0
Me 0
O  MsCLEtN  Me
CH,Cl,, 0 °C 0
22
then TFA
0" NHBoc (" then NaHCO; 0%y

62%
HO 32

31

Amine 32. Alcohol 31 (35.2 mg, 0.099 mmol, 1.0 equiv) was dissolved in CH,Cl, (2.0

mL) at 23 °C and then the reaction contents were cooled to 0 °C using an ice-water bath. Next,
Et;N (0.138 mL, 0.990 mmol, 10.0 equiv) and MsCl (0.026 mL, 0.297 mmol, 3.0 equiv) were
added sequentially, affording a pale-yellow solution. The resultant solution was then stirred for
30 min at 0 °C. TFA (0.5 mL) was then added at 0 °C and the cold bath was removed. The
resultant solution was then stirred for 1 h at 23 °C. Upon completion, the reaction contents were
quenched by the portion-wise addition of saturated aqueous NaHCO; until the mixture stopped
bubbling. Next, an additional aliquot of saturated aqueous NaHCOj3 (3 mL) and CH,Cl, (4.0 mL)
were then added and the resultant biphasic mixture was stirred vigorously for 30 min at 23 °C.
The reaction contents were then poured into a separatory funnel and the resultant layers were
separated. The aqueous layer was further extracted with CH,Cl, (4 x 5 mL). The combined
organic layers were then washed with brine (8 mL), dried (Na,SOy), filtered, and concentrated.
Purification of the resultant residue by flash column chromatography (silica gel, CH,Cl,/MeOH
= 50:1—5:1) provided the desired amine (14.4 mg, 62% yield) as a white amorphous solid. 32:
Ry=0.13 (silica gel, hexanes/acetone = 1:1); IR (film) vimax 3333, 2924, 2865, 2844, 1751, 1735,
1457, 1134, 1025 cm™'; "H NMR (500 MHz, CDCls) § 4.38 (t, J=2.4 Hz, 1 H), 3.04 (d, J=13.2
Hz, 1 H), 2.85 (s, 1 H), 2.63 (t, /= 13.0 Hz, 1 H), 2.44-2.38 (m, 2 H), 2.26-2.19 (m, 1 H), 2.06
(dt,J=12.4,2.7Hz, 1 H), 1.91 (qd, J=13.0,3.9 Hz, 1 H), 1.81 (dd, J=13.7,3.5 Hz, 1 H), 1.74
(d,/J=13.6 Hz, 1 H), 1.56 (dd, J=13.4, 1.8 Hz, 1 H), 1.48 (dt, /= 13.1,4.4 Hz, 1 H), 1.34 (d, J
= 1.3 Hz, 3 H); °C NMR (125 MHz, CDCL3) & 211.7, 175.4, 76.7, 67.1, 50.3, 49.1, 42.1, 40.6,
39.5, 37.9, 26.5, 24.4, 23.0; HRMS (ESI) calcd for C;3H;7NNaOs" [M + Na'] 258.1101, found
258.1100.

S18



(o) —
Me I/_\—Br Me
o 33
—>

K2003, MeCN —
0 2
O“HN 87% N

32 S9

Vinyl iodide S9. Amine 32 (13.2 mg, 0.0553 mmol, 1.0 equiv) was dissolved in MeCN
(0.55 mL) at 23 °C and then K,CO; (76.4 mg, 0.553 mmol, 10 equiv) and allylic bromide 33
(68.1 mg, 0.276 mmol, 5.0 equiv)”®! were added sequentially. The resultant white suspension was
then stirred for 24 h at 23 °C. Upon completion, the reaction contents were filtered through
Celite (eluting with EtOAc). The filtrate was then concentrated and the resultant residue was
purified by flash column chromatography (silica gel, hexanes/acetone = 2:1) to provide the
desired vinyl iodide (19.4 mg, 87% yield) as a white amorphous solid. S9: R,= 0.70 (silica gel,
hexanes/acetone = 1:1); IR (film) v 2932, 2868, 2835, 1748, 1736, 1653, 1457, 1122, 1033,
667 cm'; '"H NMR (500 MHz, CDCl3) 8 6.41-6.37 (m, 1 H), 6.36-6.33 (m, 1 H), 4.40 (t, J=2.8
Hz, 1 H), 3.22 (ddq, J = 14.2, 4.7, 2.1 Hz, 1 H), 2.92-2.84 (m, 1 H), 2.79 (d, /= 12.2 Hz, 1 H),
2.57-2.52 (m, 1 H), 2.40 (ddq, J = 14.4, 6.4, 2.2 Hz, 1 H), 2.33 (dt, /= 5.7, 2.5 Hz, 1 H), 2.27-
2.14 (m, 3 H), 1.88-1.76 (m, 3 H), 1.72 (dt, J=13.5, 2.9 Hz, 1 H), 1.65-1.57 (m, 1 H), 1.38 (s, 3
H); >C NMR (125 MHz, CDCl3) & 213.4, 175.3, 138.9, 83.6, 76.9, 72.7, 55.4, 50.7, 49.0, 48 .4,
39.9, 38.8, 31.2, 24.8, 24.7, 23.0; HRMS (ESI) caled for C;¢H»INOs;" [M + Na'] 402.0561,
found 402.0570.

[o] (o]
Me Me
[« I 0
BulLi, THF
| —_—
= -78 °C, 79% 7
NN N
HO
S9 2: annotinolide D

Annotinolide D (2). Vinyl iodide S9 (16.0 mg, 39.9 mmmol, 1.0 equiv) was dissolved in
THF (0.79 mL) at 23 °C and then the reaction contents were cooled to —78 °C with a dry ice-
acetone bath. Next, ~-BuLi (1.7 M in pentanes, 0.049 mL, 83.7 mmol, 2.1 equiv) was added
dropwise, during which time the solution turned a pale yellow color. The reaction contents were
then stirred for 30 min at —78 °C. Upon completion, the reaction contents were quenched by the
addition of H,O (1.5 mL) and warmed to 23 °C with stirring. The reaction contents were then
poured into a separatory funnel and the resultant layers were separated. The aqueous layer was
further extracted with EtOAc (2 x 3 mL). The combined organic layers were then washed with
brine (4 mL), dried (Na,SOs,), filtered, and concentrated. Purification of the resultant residue by
flash column chromatography (silica gel, CH,Cl,/MeOH = 50:1—5:1) provided annotinolide D
(2, 8.7 mg, 79% yield) as a white amorphous solid. 2: Ry=0.24 (silica gel, hexanes/acetone, 1:1);
IR (film) vmax 3245, 2930, 2869, 2837, 1734, 1653, 1473, 1457, 1383, 1288, 1125, 1071, 1017
cm'; '"H NMR (500 MHz, CDCl3) & 5.82 (dt, J = 10.1, 1.9 Hz, 1 H), 5.78 (ddd, J = 9.9, 3.8, 1.9
Hz, 1 H), 4.36 (p, J=2.7 Hz, 1 H), 3.33 (ddd, J=18.3, 3.5, 1.5 Hz, 1 H), 2.85 (ddd, /= 18.3, 2.2,
2.2 Hz, 1 H), 2.71 (brd, J=11.3 Hz, 1 H), 2.67 (ddd, J = 14.0, 3.0, 1.3 Hz, 1 H), 2.27 (m, 1 H),
224 (dd,J=11.5,3.1 Hz, 1 H), 2.05 (d, /= 13.3 Hz, 1 H), 1.93 (ddd, /= 5.0, 1.6, 1.6 Hz, 1 H),
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1.75-1.67 (m, 6 H), 1.24 (s, 3 H); >C NMR (125 MHz, CDCls) § 178.2, 130.6, 127.3, 79.1, 72.7,
65.8,51.4,49.8,46.2, 42.6, 39.6, 31.5,29.9, 25.0, 24.3, 23.6; HRMS (ESI) calcd for C,¢HNO;"
[M + H"] 276.1594, found 276.1579.

Table S3. "H NMR spectra comparison of natural and synthetic annotinolide D (2).

Natural 2 Synthetic 2
(‘"HNMR, CDCl;, 400 MHz) | (‘"HNMR, CDCls;, 500 MHz) A3, ppm
0 (Jin Hz) 0 (Jin Hz)

5.83,ddd (9.8, 2.0, 1.2) 5.82,dt (10.1, 1.9) -0.01
5.79,ddd (9.8, 3.7, 2.0) 5.78,ddd (9.9, 3.8, 1.9) -0.01
4.36,dddd (5.1, 3.1, 2.8, 1.6) 4.36,p (2.7) 0.00
3.34,ddd (18.7, 3.7, 1.2) 3.33,ddd (18.3, 3.5, 1.5) -0.01
2.86,ddd (18.7, 2.0, 2.0) 2.85,ddd (18.3,2.2,2.2) -0.01
2.71,brd (11.3) 2.71,brd (11.3) 0.00
2.67,ddd (13.9,3.1, 1.6) 2.67,ddd (14.0, 3.0, 1.3) 0.00
2.29,brd (13.6) 2.27, m -0.02
2.24,ddd (11.3,11.3, 1.3) 2.24,ddd (11.5,11.5, 3.5) 0.00
2.04,d (13.3) 2.04,d (13.3) 0.00
1.92, ddd (5.0, 1.6, 1.6) 1.91, ddd (5.0, 1.6, 1.6) -0.01

1.72 overlapped

1.72 overlapped

1.69 overlapped 1.75-1.67, m

1.68 overlapped

1.68 overlapped
1.65,dd (13.3, 1.9) 1.65,dd (13.3, 1.9) 0.00
1.25,s 1.24,s 0.00

Table S4. >C NMR spectra comparison of natural and synthetic annotinolide D (2).

Natural 2 Synthetic 2
(®C NMR, CDCls, 100 MHz) | (°C NMR, CDCls, 126 MHz) | A8, ppm
3 3
178.2 178.2 0.0
130.6 130.6 0.0
127.5 127.3 0.2
79.1 79.0 -0.1
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72.7 72.7 0.0
65.8 65.8 0.0
51.4 51.4 0.0
49.9 49.8 -0.1
46.2 46.2 0.0
42.6 42.6 0.0
39.7 39.7 0.0
31.4 31.4 0.0
29.9 29.9 0.0
25.1 25.0 -0.1
243 24.3 0.0
23.6 23.6 0.0
o o
Me Me
o Li—=——co,Me 0
24 MeO,C =

O” NHBoc THF, -78 °C, 84% |_IONHBoc

TIPSO TIPSO

7 $10

Alkynyl ester S10. Methyl propiolate (0.022 mL, 0.250 mmol, 2.5 equiv) was dissolved
in THF (0.75 mL) at 23 °C and then the reaction contents were cooled to —78 °C with a dry ice-
acetone bath. Next, freshly prepared LDA (1.0 M in THF, 0.250 mL, 0.250 mmol, 2.5 equiv) was
added and the resulting orange solution was stirred for an additional 30 min at —78 °C. A
solution of ketone 7 (51.1 mg, 0.100 mmol, 1.0 equiv) in THF (0.90 mL) was then added, using
another aliquot of THF (0.10 mL) to complete the transfer. The reaction contents were stirred for
an additional 15 min at —78 °C. Upon completion, the reaction contents were quenched by the
addition of saturated aqueous NH4CI (1.5 mL) and warmed to 23 °C. The reaction contents were
then poured into a separatory funnel and the resultant layers were separated. The aqueous layer
was further extracted with EtOAc (2 x 2 mL). The combined organic layers were then washed
with brine (3 mL), dried (NaySO,), filtered, and concentrated. Purification of the resultant
residue by flash column chromatography (silica gel, hexane/EtOAc= 4:1) to provide the desired
alkynyl ester (50.1 mg, 84% yield) as a pale-yellow oil. S10: Ry = 0.65 (silica gel,
hexanes/EtOAc, 2:1); IR (film) vmax 3313, 2943, 2880, 2866, 2233, 1750, 1734, 1717, 1473,
1457, 1382, 1254, 1159, 1093 cm™'; '"H NMR (500 MHz, CDCl3) & 7.22 (s, 1 H), 5.02—4.95 (m, 1
H), 4.63 (q, /= 2.6 Hz, 1 H), 3.79-3.76 (m, 3 H), 3.74 (t, /= 5.3 Hz, 1 H), 3.66-3.61 (m, 1 H),
2.78-2.72 (m, 2 H), 2.45 (dt, /= 5.3, 1.7 Hz, 1 H), 2.10 (d, /= 13.4 Hz, 1 H), 1.96 (dd, J = 13.3,
2.0 Hz, 1 H), 1.77-1.67 (m, 3 H), 1.62—-1.51 (m, 2 H), 1.44 (s, 3 H), 1.43 (s, 9 H), 1.06—-1.00 (m,
21 H); °C NMR (125 MHz, CDCl3) & 176.3, 156.9, 153.5, 88.0, 81.9, 77.5, 77.2, 75.9, 67.0,

S21



63.4, 52.8, 50.6, 43.5, 43.1, 38.5, 30.4, 28.3, 28.1, 24.1, 22.1, 18.0, 11.9; HRMS (ESI) calcd for
C31HsNNaOsSi* [M + Na'] 616.3276, found 616.3273.

o o
Me Me
o
Me0,C_ Pd/C, Hy, MeOH
_
IS
quinoline, then 74
HoNHBoc silica gel o NHBoc
7 0,
TIPSO 8% 0  1pso
S$10 35

Butenolide 35. Alkynyl ester S10 (50.1 mg, 0.842 mmol, 1.0 equiv) and quinoline
(0.0030 mL, 0.253 mmol, 3.0 equiv) were sequentially dissolved in MeOH (1.68 mL) at 23 °C.
Next, Pd/C (10% wt., 8.9 mg, 0.10 equiv based on Pd) was added, and the resulting black
suspension was degassed with a H, atmosphere. The resultant suspension was then stirred for 1 h
at 23 °C in the presence of a H, atmosphere (from a balloon). Upon completion, the reaction
contents were filtered directly through a pad of Celite (eluting with EtOAc). The resultant filtrate
was then washed with 3 M HCI (3 mL), poured into a separatory funnel, and the layers were
separated. The aqueous layer was then further extracted with EtOAc (3 x 3 mL). The combined
organic layers were then washed with brine (4 mL), dried (Na,SO,), filtered, and concentrated.
The resultant crude residue was then dissolved in CH,Cl, (0.84 mL) at 23 °C and silica gel (84.2
mg, 1.0 g/mmol substrate) was added. The resultant slurry was stirred for 30 min, before being
loaded directly on a silica gel column and purified by flash column chromatography (silica gel,
hexane/acetone= 4:1) to provide the desired butenolide (37.2 mg, 78% yield) as a white solid. 35:
Ry = 0.53 (silica gel, hexanes/acetone, 2:1); IR (film) vimax 3342, 2941, 2878, 2866, 1772, 1748,
1715, 1464, 1457, 1388, 1255, 1245, 1165, 1099 cm™'; 'H NMR (500 MHz, CDCl3) & 7.74 (d, J
=59Hz 1H),6.04(d,J=57Hz, 1H),4.65(s, 1 H), 438 (s, 1l H), 3.77 (p, J=5.7,5.2 Hz, 1
H), 3.67 (td, J=10.4, 8.7, 4.5 Hz, 1 H), 3.12 (d, J=14.7 Hz, 1 H), 2.52 (dd, J = 14.4, 3.0 Hz, 1
H), 2.31 (d, J=14.5 Hz, 1 H), 2.16 (t, /= 9.2 Hz, 2 H), 1.97 (ddd, J = 14.4, 5.2, 2.5 Hz, 1 H),
1.80-1.59 (m, 3 H), 1.56-1.47 (m, 1 H), 1.43 (s, 3 H), 1.33 (s, 9 H), 1.13-0.97 (m, 21 H); "°C
NMR (125 MHz, CDCl3) 6 175.5, 170.8, 156.2, 154.5, 119.6, 95.0, 80.1, 74.5, 65.9, 62.9, 44.7,
44.2,42.9, 36.6, 30.4, 30.0, 28.1, 24.5, 21.3, 18.0, 11.9; HRMS (ESI) calcd for C30H4NNaO-Si"
[M + Na'] 586.3171, found 586.3165.

o o
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o
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Alcohol S11. Butenolide 35 (35.5 mg, 0.0621 mmol, 1.0 equiv) was dissolved in THF
(1.24 mL) at 23 °C and TBAF (1.0 M in THF, 0.093 mL, 0.0931 mmol, 1.5 equiv) was added
dropwise. The resultant light brown solution was stirred for an additional 1 h at 23 °C. Upon
completion, the reaction contents were quenched by the addition of saturated aqueous NH4Cl1 (2

S22



mL). The reaction contents were then poured into a separatory funnel and the resultant layers
were separated. The aqueous layer was further extracted with EtOAc (2 x 3 mL). The combined
organic layers were then washed with brine (5 mL), dried (Na,SO,), filtered, and concentrated.
Purification of the resultant residue by flash column chromatography (silica gel, hexanes/acetone
= 2:1—1:1), to provide the desired alcohol (23.0 mg, 91% yield) as a white solid. S11: R,=0.49
(silica gel, hexanes/acetone, 1:1); IR (film) vmax 3335, 2975, 2936, 2873, 1771, 1744, 1717, 1472,
1457, 1388, 1367, 1270, 1247, 1165, 1096, 1050 cm™'; 'H NMR (500 MHz, CDCl3) & 7.73 (d, J
=5.8Hz, 1 H),6.06 (d,/J=5.7Hz, 1 H),4.71 (d,J=7.9 Hz, 1 H), 4.65 (t, J=2.8 Hz, 1 H), 3.73
(dt,J=10.9,6.9 Hz, 1 H), 3.67 (dt,J=10.8, 6.2 Hz, 1 H), 3.00 (d, /= 14.1 Hz, 1 H), 2.53 (dd, J
=14.6, 3.0 Hz, 1 H), 2.35 (d, J = 14.6 Hz, 1 H), 2.30-2.22 (m, 1 H), 2.18-2.15 (m, 1 H), 1.98
(ddd, J=14.5,5.1, 2.5 Hz, 1 H), 1.85-1.75 (m, 2 H), 1.72-1.61 (m, 2 H), 1.54 (ddt, /= 12.7, 8.8,
6.3 Hz, 1 H), 1.43 (s, 3 H), 1.35 (s, 9 H); °C NMR (125 MHz, CDCl3) § 175.5, 170.8, 156.2,
154.7, 119.8, 95.1, 80.2, 74.5, 69.5, 65.9, 62.3, 53.7, 43.0, 31.7, 30.5, 29.4, 28.1, 24.5, 21.2;
HRMS (ESI) calced for Co;HNNaO;" [M + Na'] 430.1836, found 430.1832.

M i o
e
O  MsCl, Et;N Me o
CH,Cl,, 0 °C
L
7 then TFA J
o NHBoc /' then NaHCO, oN
56% 1
(o) HO ° o H
S11 1: annotinolide C

Annotinolide C (1). Alcohol S11 (17.5 mg, 0.0429 mmol, 1.0 equiv) was dissolved in
CH,Cl; (0.86 mL) at 23 °C and then the reaction contents were cooled to 0 °C using an ice-water
bath. Next, EtsN (0.062 mL, 0.429 mmol, 10 equiv) and MsCl (0.010 mL, 0.129 mmol, 3.0
equiv) were added sequentially, affording a pale-yellow solution. The resultant solution was
then stirred for 30 min at 0 °C. TFA (0.22 mL) was then added at 0 °C and the cold bath was
removed. The resultant solution was then stirred for 1 h at 23 °C. Upon completion, the reaction
contents were quenched by the portion-wise addition of saturated aqueous NaHCO; until the
mixture stopped bubbling. Next, an additional aliquot of saturated aqueous NaHCOs3 (3 mL) and
CH,Cl; (4.0 mL) were then added and the resultant biphasic mixture was stirred vigorously for
30 min at 23 °C. The reaction contents were then poured into a separatory funnel and the
resultant layers were separated. The aqueous layer was further extracted with CH,Cl, (4 x 5 mL).
The combined organic layers were then washed with brine (8 mL), dried (Na,SO,), filtered, and
concentrated. Purification of the resultant residue by flash column chromatography (silica gel,
CH,Cl/MeOH = 50:1—5:1), provided the desired annotinolide C (1, 6.7 mg, 56% yield) as a
white amorphous solid. 1: Ry=0.22 (silica gel, hexanes/acetone, 1:1); IR (film) vmax 3306, 2933,
2887, 2860, 1762, 1734, 1653, 1465, 1457, 1248, 1220, 1128, 1097, 678 cm'; "H NMR (500
MHz, CDCls) 6 7.60 (d, J = 5.8 Hz, 1 H), 6.16 (d, J = 5.8 Hz, 1 H), 4.40 (p, J = 2.7 Hz, 1 H),
2.90 (ddt,J=13.6,4.1, 1.8§ Hz, 1 H), 2.75 (d, J = 14.1 Hz, 1 H), 2.61 (ddd, J=13.8, 3.0, 1.3 Hz,
1 H), 2.55 (brd,J=12.5 Hz, 1 H), 2.25 (br d, J=12.5 Hz, 1 H), 2.20-2.17 (m, 1 H), 1.96 (ddd,
J=14.1,5.1,2.5 Hz, 1 H), 1.83 (dddd, J = 12.9, 12.9, 12.9, 4.2 Hz, 1 H), 1.79-1.75 (m, 1 H),
1.74-1.70 (m, 1 H), 1.68 (dd, J= 14.1, 1.8 Hz, 1 H), 1.46-1.40 (m, 1 H), 1.43 (s, 3 H); °C NMR
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(125 MHz, CDCls3) & 176.0, 170.6, 156.0, 121.3, 94.6, 77.9, 65.3, 47.3, 43.2 ,42.9, 42.2, 41.2,
31.5,27.2,24.2, 23.6; HRMS (ESI) calcd for CsH,0NO," [M + H'] 290.1387, found 290.1389.

Table S5. "H NMR spectra comparison of natural and synthetic annotinolide C (1).

Natural 1 Synthetic 1
(‘"H NMR, CDCl;, 400 MHz) (‘"H NMR, CDCl;, 500 MHz) A3, ppm
0 (Jin Hz) 0 (Jin Hz)
7.60, d (5.8) 7.60, d (5.8) 0.00
6.16, d (5.8) 6.16,d (5.8) 0.00
4.40, br ddd (3.0, 2.5, 1.2) 4.40,p (2.7) 0.00
2.90, ddd (13.5, 3.8, 3.8) 2.90, ddt (13.6, 4.1, 1.8) 0.00
2.76, d (14.0) 2.75,d (14.1) -0.01
2.61,ddd (13.0, 3.0, 1.2) 2.61,ddd (13.8, 3.0, 1.3) 0.00
2.56,ddd (13.5, 13.5, 2.8) 2.56,ddd (13.5, 13.5, 2.9) 0.00
2.25,brd (12.7) 2.25brd (12.5) 0.00
2.19,ddd (5.1, 1.2, 1.2) 2.19,ddd (5.2, 1.3, 1.3) 0.00
1.96, ddd (13.1, 5.1, 2.5) 1.96, ddd (14.1, 5.1, 2.5) 0.00
1.83, dddd (12.7, 12.7, 12.7, 4.0) | 1.83, dddd (12.9, 12.9, 12.9, 4.2) 0.00
1.75, m 1.75, m 0.00
1.72, m 1.73, m 0.01
1.68, dd (14.0, 1.9) 1.68, dd (14.1, 1.8) 0.00
1.43, m 1.43, m 0.00
1.43, s 1.43, s 0.00

Table S6. >C NMR spectra comparison of natural and synthetic annotinolide C (1).

Natural 1 Synthetic 1
(®C NMR, CDCls, 100 MHz) | (°C NMR, CDCls, 126 MHz) | A8, ppm
3 3
176.6 176.6 0.0
170.6 170.6 0.0
156.0 156.0 0.0
121.3 121.3 0.0
94.6 94.6 0.0
77.9 77.9 0.0
65.3 65.3 0.0
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47.3 47.3 0.0
43.2 43.2 0.0
42.9 42.9 0.0
42.2 42.2 0.0
41.2 41.2 0.0
31.5 31.5 0.0
27.2 27.2 0.0
24.2 242 0.0
23.6 23.6 0.0

Figure S2. X-ray structure of annotinolide C (1).

1: annotinolide C

Transformations between annotinolides C, D and E

0 (o]
Me Me
o) KMnO, 0

—>
acetone/H,0

QY 0°C, 63% In

HO o OH

2: annotinolide D 3: annotinolide E

Annotinolide E (3). Annotinolide D (2, 1.9 mg, 0.0069 mmol, 1.0 equiv) was dissolved
in acetone (0.56 mL) and deionized water (0.14 mL) at 23 °C and then the resultant solution was
cooled 0 °C using an ice-water bath. KMnOy (1.6 mg, 0.0104 mmol, 1.5 equiv) was then added
in a single portion, leading to a purple-colored solution. The reaction contents were stirred for
15 min at 0 °C. Upon completion, the reaction contents were quenched by the addition of
saturated Na,S,03 (0.50 mL) and warmed to 23 °C. The reaction contents were then poured into
a separatory funnel and the resultant layers were separated. The aqueous layer was further
extracted with EtOAc (3 x 3 mL). The combined organic layers were then washed with brine (4
mL), dried (Na,SO,), filtered, and concentrated. Purification of the resultant residue by flash
column chromatography (silica gel, CH,Cl,/MeOH = 50:1—5:1) to provide annotinolide E (3,
1.2 mg, 63% yield) as a white amorphous solid. 3: Ry= 0.27 (silica gel, hexanes/acetone, 1:1);
IR (film) vmax 3312, 2931, 2865, 1734, 1653, 1602, 1436, 1383, 1127, 1059, 1021, 988 cm™'; 'H
NMR (500 MHz, CDCls) § 6.66 (d, J=9.7 Hz, 1 H), 6.04 (d, J=9.7 Hz, 1 H), 437 (p, J=2.5
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Hz, 1 H), 2.76 (ddd, J = 14.2, 3.2, 1.4 Hz, 1 H), 2.67 (ddd, J = 13.5, 13.5, 3.6 Hz, 1 H), 2.56 (br
d,J=12.4Hz, 1 H), 2.50 (d, J=13.7 Hz, 1 H), 2.18 (ddd, J = 5.1, 1.6, 1.6 Hz, 1 H), 1.94 (dp, J
=13.3, 3.4 Hz, 1 H), 1.85-1.78 (m, overlapping, 2 H), 1.76 (dddd, J=13.2, 13.2, 13.2, 3.5 Hz, 1
H), 1.65 (dd, J = 13.7, 1.8 Hz, 1 H), 1.61-1.53 (m, 1 H), 1.25 (s, 3 H); °C NMR (125 MHz,
CDCl3) & 176.9, 163.2, 142.7, 126.4, 78.0, 72.8, 66.1, 48.6, 42.8, 41.5, 39.9, 38.9, 30.3, 23.9,
22.7,22.6; HRMS (ESI) calcd for C1sH20NO4 " [M + H'] 290.1387, found 290.1393.

Figure §3. X-ray structure of annotinolide E (3).

0 g / ,
S
| .
e P

o) OH . ) ‘
3: annotinolide E

Table S7. "H NMR spectra comparison of natural and synthetic annotinolide E (3).

Natural 3 Synthetic 3
('"H NMR, CDCls, 400 MHz) ('"HNMR, CDCl3, 500 MHz) | A8, ppm
d (Jin Hz) d (Jin Hz)
6.66,d (9.7) 6.66,d (9.7) 0.00
6.03,d (9.7) 6.04,d (9.7) 0.01
4.47,dddd (5.1, 3.1, 2.8, 1.3) 4.47,p (2.5) 0.00
4.28,brd (13.4) 4.28,brd (12.7) 0.00
2.76,ddd (4.9, 1.3, 1.3) 2.76,ddd (14.2,3.2, 1.4) 0.00
2.67,ddd (13.4, 13.4, 3.6) 2.67,ddd (13.5, 13.5, 3.6) 0.00
2.55,brd (13.4) 2.56,brd (12.4) 0.01
2.50,d (13.8) 2.50,d (13.7) 0.00
2.18,ddd (4.9, 1.3, 1.3) 2.18,ddd (5.1, 1.6, 1.6) 0.00
1.93, m 1.94,dp (13.3,3.4) 0.01
1.80, overlapped 1.81, m, overlapped 0.01
1.79, overlapped 1.79, m, overlapped 0.00
1.76, dddd (13.4, 13.4, 13.4,3.6) | 1.76,dddd (13.2, 13.2, 13.2, 3.5) 0.00
1.65, dd (13.8, 1.8) 1.65,dd (13.7, 1.8) 0.00
1.55, m 1.56, m 0.01
1.25,s 1.25,s 0.00
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Table S8. °C NMR spectra comparison of natural and synthetic annotinolide E (3).

Natural 3 Synthetic 3
("C NMR, CDCl;, 100 MHz) | (°C NMR, CDCl;, 126 MHz) | A3, ppm
o d
176.9 176.8 -0.1
163.2 163.2 0.0
142.7 142.7 0.0
126.4 126.4 0.0
78.0 78.0 0.0
72.7 72.8 0.1
66.1 66.1 0.0
48.6 48.6 0.0
42.8 12.8 0.0
41.5 41.5 0.0
39.9 39.9 0.0
38.9 38.9 0.0
30.3 30.3 0.0
239 239 0.0
22.7 22.7 0.0
22.6 22.6 0.0
M i °
e
O MeONa e 0
4 MeOH *  Unknown products
oN Z 1IN
o H o OH
1: annotinolide C 3: annotinolide E

Annotinolide E (3). Annotinolide C (1, 0.6 mg, 0.0021 mmol, 1.0 equiv) was dissolved
in MeOH (0.30 mL) at 23 °C and NaOMe (0.6 mg, 0.01 mmol, 5.0 equiv) was added. The
resultant solution was stirred for 1.5 h at 23 °C, at which point TLC analysis indicated no further
change. The reaction contents were then diluted with EtOAc (1.0 mL) and quenched by the
addition of saturated aqueous NH4Cl (0.50 mL). The reaction contents were then poured into a
separatory funnel and the resultant layers were separated. The aqueous layer was further
extracted with EtOAc (3 x 1 mL). The combined organic layers were then washed with brine (2
mL), dried (Na,SO,), filtered, and concentrated. The resultant residue was then analyzed
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directly by "H NMR, affording the result shown below indicating a mixture of annotinolide C (1),
annotinolide E (3), and some unknown products in an approximate ratio of 1:1:1.

0 o)
Me o Me
TBD, MeOH o
_—
74 toluene
N 4
o, N
I H o OH
1: annotinolide C 3: annotinolide E

Annotinolide E (3). Annotinolide C (1, 0.6 mg, 0.0021 mmol, 1.0 equiv) was dissolved
in toluene (0.30 mL) and MeOH (0.030 mL) at 23 °C and triazabicyclo decene (0.3 mg, 0.0021
mmol, 1.0 equiv) was added in one portion. The reaction solution was stirred at 23 °C for 2 h, at
which point TLC analysis indicated no further change. The reaction contents were diluted with
EtOAc (1.0 mL) and quenched by saturated NH4Cl solution (0.50 mL). The reaction contents
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were then poured into a separatory funnel and the resultant layers were separated. The aqueous
layer was further extracted with EtOAc (3 x 1 mL). The combined organic layers were then
washed with brine (2 mL), dried (Na,SO,), filtered, and concentrated. The resultant residue was
then analyzed directly by 'H NMR, affording the result shown below indicating a mixture of
annotinolide C (1) and annotinolide E (3) in an approximate ratio of 4:1.
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Asymmetric synthesis of 15:

(\ (\
OTIPS L selectride OTIPS
——>» Ho,

THF,-78 °C 'O,Me

92% "“CN

(+)-13 (+)-40

Alcohol 39. Ketone 13 (1.90 g, 5.06 mmol, 1.0 equiv) was dissolved in THF (51 mL) and
then the reaction solution was cooled to —78 °C with a dry ice-acetone bath. Next, L-selectride
(1.0 M in THF, 5.56 mL, 5.56 mmol, 1.1 equiv) was added dropwise, and the resulting pale-
yellow solution was stirred at —78 °C for 30 min. Upon completion, the reaction contents were
quenched by the addition of saturated aqueous NH4CI (40 mL) at —78 °C. After warming the
reaction contents to 23 °C, they were poured into a separatory funnel and the resultant layers
were separated. The aqueous layer was further extracted with EtOAc (2 x 40 mL). The combined
organic layers were then washed with brine (100 mL), dried (Na,SOs), filtered, and concentrated.
Purification of the resultant residue by flash column chromatography (silica gel, hexanes/EtOAc
= 6:1—3:1), providing desired alcohol (1.74 g, 92% yield) as a colorless oil. 39: R,= 0.26 (silica
gel, hexanes/EtOAc =4:1); IR (film) vmax 3482, 2943, 2890, 2866, 2234, 1462, 1457, 1248, 1107,
1068 cm™'; '"H NMR (500 MHz, CDCl3) & 4.48-4.40 (m, 1 H), 3.74 (t, J = 6.1 Hz, 2 H), 2.65—
2.57 (m, 1 H), 2.51-2.47 (m, 1 H), 2.47-2.40 (m, 1 H), 2.26 (tt, J= 7.1, 2.4 Hz, 2 H), 2.09-2.01
(m, 1 H), 1.91 (d, /J=4.2 Hz, 1 H), 1.86 (dddd, /= 14.5, 8.6, 6.4, 2.3 Hz, 1 H), 1.75 (dt, J = 10.4,
5.3 Hz, 1 H), 1.72-1.64 (m, 3 H), 1.43 (s, 3 H), 1.08-1.01 (m, 21 H); °C NMR (125 MHz,
CDCl5) 6 123.8, 84.7,77.3, 73.9, 61.8, 54.7, 39.6, 38.1 ,32.4, 32.1, 25.45, 18.0, 15.8, 15.1, 11.9;
HRMS (ESI) caled for C2,H4NO,Si" [M + H'] 378.2823, found 378.2819.

OTIPS \ Lipozyme, 2=~ Z0oAc OTIPS oTIPS B

HO 3 > AcO

: HO/,
Y, + ‘ Me
Me 4 A MS, MTBE ",
':,CN "GN CN

(+)-40 (+)-41, 45% (98% ee)  (-)-40, 49% (99% ee)

Acetate 40. 4 A molecular sieves (4.05 g, 180 mg/mL solvent) were added to a round
bottom flask and subsequently dried by flame heating under vacuum until any chunks in the
original sample had disappeared to leave only a residual powder. The flask was then cooled to
23 °C under vacuum and charged with argon. A stir bar and a solution of alcohol 39 (1.65 g, 4.37
mmol, 1.0 equiv) in MTBE (20 mL) were then added at 23 °C. Another portion of MTBE (2.5
mL) was used to rinse the flask to complete the transfer of alcohol 39. Finally, vinyl acetate (2.08
mL, 22.5 mmol, 5.0 equiv) and Lipozyme (0.450 g, 20 mg/mL solvent) were added and the
resulting suspension was stirred at 23 °C for 24 h. Upon completion, the reaction suspension was
filtered through a pad of Celite (eluting with EtOAc) and concentrated directly. Purification of
the resultant residue by flash column chromatography (silica gel, hexanes/EtOAc = 8:1—4:1)
provided desired acetate (0.826 g, 45% yield, 98% ee) as a colorless oil and unreacted alcohol
(0.813 g, 49% yield, 99% ee) as a colorless oil. [Note: The ee values of (+)-41 and (—)-40 were
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measured after they had been transformed separately into benzoate S12 as delineated below]. 41:
Ry=0.31 (silica gel, hexanes/EtOAc, 4:1); IR (film) vimax 2943, 2893, 2866, 2234, 1740, 1464,
1457, 1239, 1107, 1067 cm '; "H NMR (500 MHz, CDCl;) & 5.31 (td, J = 5.3, 1.9 Hz, 1 H), 3.72
(t,J=6.1 Hz, 2 H), 2.58-2.51 (m, 1 H), 2.47-2.38 (m, 2 H), 2.22 (tt, /= 7.2, 2.0 Hz, 2 H), 2.12
(ddd, J=15.2,9.7, 5.5 Hz, 1H), 2.07 (s, 3 H), 1.94-1.85 (m, 2 H), 1.76-1.70 (m, 1 H), 1.70-1.64
(m, 2 H), 1.52-1.48 (m, 3 H), 1.07-1.01 (m, 21 H); >C NMR (125 MHz, CDCl3) § 170.3, 123.1,
81.5,76.7,76.0,61.9, 53.1, 40.4, 38.1, 32.1, 30.7, 25.6, 20.9, 18.0, 16.0, 15.1, 11.9; HRMS (ESI)
caled for CosHuoNOsSi™ [M + H'] 420.2928, found 420.2930. [a]p> = +22° (¢ = 1.0, CHCLs).

Alcohol (-)-40: [a]p™ =-26° (¢ = 1.0, CHCL).
LN\
OTIPS N
iy : Me

oTIPS K,CO4 TP

AcO, HO,

’, MeOH .
Zien O ‘oN

(+)-41 (+)-40

Alcohol 40. Acetate 41 (0.770 g, 1.83 mmol, 1.0 equiv) was dissolved in MeOH (92 mL)
at 23 °C and then K,CO; (2.54 g, 18.3 mmol, 10.0 equiv) was added. The reaction suspension
was then vigorously stirred at 23 °C for 1 h. Upon completion, the reaction mixture was filtered
through Celite (eluting with EtOAc) and concentrated directly. Purification of the resultant
residue by flash column chromatography (silica gel, hexanes/EtOAc = 4:1) providing the desired
alcohol (0.658 g, 95% yield) as a colorless oil. (+)-40: [a]p> = +25° (¢ = 1.0, CHCl3)

N A/\
g& BzCl, Et;N OTIPS N

HO N _— BZO,I

“~\_ _Me DMAP, CH,Cl, 'O’,Me
"ICN 72% ‘CN

40 S12

General procedure to prepare benzoate S12 for ee measurement. Alcohol 40 (10.2
mg, 0.0270 mmol, 1.0 equiv) was dissolved in CH,Cl, (0.54 mL) at 23 °C. Then Et;N (13.7 mg,
0.135 mmol, 5.0 equiv), 4-DMAP (3.3 mg, 0.0270 mmol, 1.0 equiv), and BzCl (5.7 mg, 0.0405
mmol, 1.5 equiv) were added sequentially, forming a yellow solution. The reaction contents were
then stirred at 23 °C for 24 h. Upon completion, the reaction solution was quenched by the
addition of saturated NaHCOs solution (0.5 mL) and poured into a separatory funnel. After
separating the layers, the aqueous layer was extracted further with CH,Cl, (2 x 2 mL). The
combined organic layers were then washed with brine (4 mL), dried (Na,SOy), filtered, and
concentrated. Purification of the resultant residue by flash column chromatography (silica gel,
hexanes/EtOAc = 10:1) providing the desired benzoate S12 (9.4 mg, 72% yield) as a colorless oil.
IR (film) vmax 2942, 2894, 2865, 2233, 1722, 1462, 1452, 1272, 1110, 1070, 711 cm '; "H NMR
(500 MHz, CDCl3) 6 8.15-8.11 (m, 2 H), 7.58-7.51 (m, 2 H), 7.48-7.43 (m, 1 H), 5.60 (td, J =
5.2, 1.9 Hz, 1 H), 3.68 (t, J= 6.0 Hz, 2 H), 2.68 (ddt, J = 16.7, 9.1, 2.5 Hz, 1 H), 2.54 (ddt, J =
14.8, 6.4, 4.1 Hz, 2 H), 2.28-2.16 (m, 3 H), 2.10-2.00 (m, 2 H), 1.83 (ddd, /= 13.7, 10.0, 6.1 Hz,
1 H), 1.64 (dddd, J = 13.3, 7.3, 6.1, 2.7 Hz, 2 H), 1.58 (s, 3 H), 1.06-0.99 (m, 21 H); °C NMR
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(125 MHz, CDCL3) & 165.8, 133.1, 129.9, 128.5, 123.5, 81.8, 76.8, 76.7, 61.8, 53.8, 40.5, 38.3,
32.1, 30.8, 25.7, 18.0, 17.9, 16.1, 15.1, 11.9; HRMS (ESI) calcd for C20H4sNNaO5Si* [M + Na']
504.2904, found 504.2905. (+)-S12: [a]p™ = +45°(c = 1.0, CHCL3); (-)-S12: [a]p™ = —43°(c =
1.0, CHCl3). HPLC condition: OD-H column, 4.6 x 250 mm, hexanes/i-PrOH =99:1, 1 mL/min,
UV detector at 240 nm, Ry[(+)-S12] = 7.14 min, R[(-)-S12] = 8.13 min.

Racemic S12:

Analysis Report

<Sample Information>

Sample Name : PQ-1669-7
Sample ID : PQ-1669-7

Data Filename : PQ-1669-7.Icd
Method Filename : Default Method.lcm

Batch Filename
Vial # -1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired : 11/16/2020 4:16:53 PM Acquired by : Snyder Group
Date Processed  : 11/25/2020 6:08:39 PM Processed by : Snyder Group
<Chromatogram>
mAU
1 ) Q PDA Multi 2 240nm 4nm|
150-] "E =
] | A
I |
100+ H '|
. " o
4 | ' ‘
|
R
4 I\ |
o] 1\ N S G S U
e
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 7.143 153147 1711250 52.174 49.808
2 8.130 140387 1724411 47.826 50.192
Total 293534 3435661 100.000 100.000
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(+)-S12 (from resolution product 41):

Analysis Report

<Sample Information>

Sample Name : PQ-1683
Sample ID 1 PQ-1683
Data Filename : PQ-1683.lcd

Method Filename

: Default Method.lcm

Batch Filename

Vial # o1
Injection Volume  : 20 uL
Date Acquired : 11/25/2020 5:40:49 PM

Date Processed

< 3/17/2021 9:06:02 AM

Sample Type

Acquired by
Processed by

: Unknown

: Snyder Group
: Snyder Group

PDA Multi 2 240nm.4nm|

<Chromatogram>
mAU
] 12
400+ ||
] |‘
300-] | ll
1 |
200+ .
] | |
100 | Il
] 3 [
o] e J
I e e e
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 6.951 4635 53451 1.021 0.859
2 7.851 449529 6168288 98.979 99.141
Total 454164 6221739 100.000 100.000

(-)-S12 (from resolution product 40):

<Sample Information>

min

Analysis Report

Sample Name : PQ-1684-2
Sample ID : PQ-1684-2
Data Filename : PQ-1684-2 Icd

Method Filename
Batch Filename
Vial #

Injection Volume
Date Acquired
Date Processed

-1

: Default Method.lcm

120Ul
: 11/26/2020 5:26:05 PM
:3/17/2021 9:03:46 AM

Sample Type

Acquired by
Processed by

- Unknown

: Snyder Group
: Snyder Group

<Chromatogram>
mAU
- © PDA Multi 2 240nm.4nm
' I?
500 }‘
250 ‘ ‘i
- 1
] AU
0 U\ ~
00 25 " T s0 0 T T s ‘ 0o
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time | Height Area Height% Area%
1 6.973 685158 7725821 99.807 99.804
2 7.961 1324 5203 0.193 0.196
Total 686482 7741024 100.000 | 100.000
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N N
OTIPS DMP, NaHCO; OTIPS \
: ——» o s
HO.. X _Me CH:Clz 93% \I\:>,Me
“'CN "CN

(+)-40 (+)-13

Ketone 13. Alcohol 40 (0.650 g, 1.72 mmol, 1.0 equiv) was dissolved in CH,Cl, (17 mL)
at 23 °C and then NaHCOs (1.44 g, 17.2 mmol, 10 equiv) and Dess—Martin periodinane (1.45 g,
34.4 mmol, 2.0 equiv) were added sequentially. The resultant suspension was then vigorously
stirred at 23 °C for 45 min. Upon completion, the reaction contents were quenched by the
addition of 3 M Na,S,03 (15 mL) and poured into a separatory funnel. After separating the layers,
the aqueous layer was further extracted with CH,Cl, (2 x 15 mL). The combined organic layers
were then washed with brine (40 mL), dried (Na,SO,), filtered, and concentrated. Purification of
the resultant residue by flash column chromatography (silica gel, hexanes/EtOAc = 8:1) provided
desired ketone (0.604 g, 93% yield) as a colorless oil. (+)-13: [a]p> = +81°(c = 1.0, CHCL).

l/\ N\
OTIPS NaH, THF OTIPS
\ !

[0} (o)

$ 0°C, 82%
D{Me Me
‘CN

(+)-13 12

Enone 12. Ketone 13 (0.550 g, 1.42 mmol, 1.0 equiv) was dissolved in THF (14 mL) at
23 °C and then the resultant solution was cooled to 0 °C using an ice-water bath. Then NaH (60%
dispersion in mineral oil, 0.284 g, 7.10 mmol, 5.0 equiv) was added in a single portion, forming a
pale yellow suspension. The reaction mixture was then stirred at 0 °C for 1 h. Upon completion,
the reaction contents were quenched by the addition of H,O (10 mL), warmed to 23 °C, and
poured into a separatory funnel. After separating the layers, the aqueous layer was further
extracted with EtOAc (2 x 10 mL). The combined organic layers were then washed with brine
(30 mL), dried (NaySOy), filtered, and concentrated. Purification of the resultant residue by flash
column chromatography (silica gel, hexanes/EtOAc = 10:1) provided desired enone (0.405 g, 82%
yield) as a pale yellow oil whose spectral data fully matched that of previously characterized
material.
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Table S9. Condition screening for the oxidation of 40

N\

HO,,

[0] o
Me — Me
"“IGN “7cN
(-)-40 ()13
Entry Condition Result?
1 PCC (1.5 equiv), CH,Cl,, 23 °C 96% ee®
2 DMP (2.0 equiv), CH,Cl,, 23 °C 96%, 95% ee®

3 DMP (2.0 equiv), NaHCO; (10,0 equiv), CH,Cl,, 23°C  88%, 91% ee®
(COCI), (1.5 equiv), DMSO (5.0 equiv), Et;N (10.0 equiv)

87% ee®
CH,Cl,, -78 °C to -40 °C ° e

a: ee value was measured after transforming 13 to benzoate $12
b: yield not determined

c: the reaction was perfomed on 0.2 g scale

d: the reaction was perfomed on 0.8 g scale

Procedure for entry 2. Alcohol 40 (0.181 g, 0.477 mmol, 1.0 equiv) was dissolved in
CH,Cl; (4.77 mL) at 23 °C and then Dess—Martin periodinane (0.404 g, 0.953 mmol, 2.0 equiv)
was added. The resultant suspension was then vigorously stirred at 23 °C for 30 min. Upon
completion, the reaction contents were quenched by the addition of 3 M Na,S,03 (5 mL) and
poured into a separatory funnel. After separating the layers, the aqueous layer was further
extracted with CH,Cl, (2 x 5 mL). The combined organic layers were then washed with brine
(10 mL), dried (Na,SO,), filtered, and concentrated. Purification of the resultant residue by flash
column chromatography (silica gel, hexanes/EtOAc = 8:1) provided desired ketone (0.173 g, 96%
yield) as a colorless oil. (=)-13: [o]p> = —84° (¢ = 1.0, CHCL).
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HPLC trace for entry 1:

<Sample Information>

Sample Name
Sample ID

Data Filename
Method Filename
Batch Filename

: PQ-1798-2
: PQ-1798-2
:PQ-1798-2.Icd
: Default Method.lcm

Analysis Report

Vial # o1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired - 3/18/2021 10:13:40 AM Acquired by : Snyder Group
Date Processed  : 3/18/2021 10:27:22 AM Processed by : Snyder Group
<Chromatogram>
mAU
] | 5; PDA Multi 2 240nm 4nm|
] ©
200+
100+ ‘
| 1
) L =
0.0 T 2?5 T 5!0 ST 7{5 ' ' 1dv0 T
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 6.961 281849 3019970 98.052 97.716
2 8.005 5600 70590 1.948 2.284
Total 287449 3090559 100.000 100.000
HPLC trace for entry 2:
<Sample Intformation>
Sample Name :PQ-1793
Sample ID 1 PQ-1793
Data Filename :PQ-1793.Icd
Method Filename : Default Method.lcm
Batch Filename
Vial # o1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired : 3/6/2021 10:37:55 AM Acquired by : Snyder Group
Date Processed  : 3/17/2021 9:12:44 AM Processed by : Snyder Group

8.074

PDA Multi 2 240nm,4nm|

<Chromatogram>
mAU
1000—_ |§

] }.;
750 \

] |
500+ \
2501 ‘ \

o A_L
T —— —
0.0 25 50 75
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 7.089 971303 11454802 97.390 97.369
2 8.074 26032 309567 2610 2.631
Total 997335| 11764369 100.000] 100.000
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HPLC trace for entry 3:

Analysis Report

<Sample Information>

Sample Name - PQ-1783
Sample ID :PQ-1783
Data Filename :PQ-1783.Icd

Method Filename
Batch Filename

: Default Method.lcm

Vial # 1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired : 2/28/2021 11:34:56 AM Acquired by : Snyder Group
Date Processed  : 3/17/2021 9:15:38 AM Processed by : Snyder Group
<Chromatogram>
mAU
1504 g PDA Multi 2 240nm.4nn]
100 }
50+ ‘ ‘
. Il e
] <
0 — A RN\
T T T T T T T e
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 7.112 147484 1503542 95.988 95.603
2 8.073 6164 69156 4.012 4.397
Total 153647 1572698 100.000 | 100.000
HPLC trace for entry 4:
<Sample Information>
Sample Name : PQ-1812
Sample ID :PQ-1812
Data Filename : PQ-1812.1cd
Method Filename : Default Method.lcm
Batch Filename
Vial # o1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired : 3/17/2021 1:28:59 PM Acquired by : Snyder Group
Date Processed : 3/17/2021 1:43:40 PM Processed by : Snyder Group
<Chromatogram>
mAU
1000 = PDA Multi 2 240nm.4nn]
] <
750—- ‘3
500 ,
2s0] l
4 | >
] ’ | 8
] | ~
] VAN
B i 0 s
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 7.017 964041| 11057125 93.857 93.795
2 7.989 63095 731494 6.143 6.205
Total 1027136| 11788619 100.000 100.000
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Table S10. Condition screening acylation of 13

OTIPS OTIPS oTIPS

base, NCCO,Me O 3 LiCl, H,0 3

(o] :: N oy [o) s
Me o > Me . Me
'I'CN THF, -78 °C 6N DMSO, 150 °C 'I'CN
13 15 13

MeO,C

Entry? Base Variants Result®
1 LDA (1.9 equiv) none 72% ee®
2 LDA (1.9 equiv) pre-mix 13 with NCCO,Me unkown product
3 LDA (1.9 equiv) Et,O as solvent unkown product
4 LDA (1.9 equiv) toluene as solvent unkown product
5 LiHMDS (1.9 equiv) none unkown product
6 NaHMDS (1.9 equiv) none complex mixture
7 KHMDS (1.9 equiv) none 69% ee®
8 LiTMP (1.9 equiv) none 76% ee®
9d LDA (1.9 equiv) none 62%, 79% ee

a: ketone 13 was 91% ee and the reaction was perfomed on 50 mg scale. The procedures
were kept the same as the recamic procdure except the base and variants in this table

b: ee value was measured after transforming 13 to benzoate $12
c: yield not determined
d: the reaction was perfomed on 0.2 g scale and keton 13 was 95% ee

General procedure for preparing ketone 13 from P-ketoester 15. B-ketoester 15 (16.1
mg, 0.0369 mmol, 1.0 equiv) was dissolved in DMSO (0.19 mL) at 23 °C, and then LiCl (3.1 mg,
0.0738 mmol, 2.0 equiv) and H,O (3.3 mg, 0.184 mmol, 5.0 equiv) were added subsequently.
The resultant reaction solution was then warmed to 150 °C using a pre-heated oil bath and stirred
at that temperature for 2 h. Upon completion, the reaction contents were cooled to 23 °C and
diluted by the addition of Et,O (4 mL). The reaction contents were then poured into a separatory
funnel, the layers were separated, and the organic layer was washed with 1:1 mixture of brine
and water (2 X 2 mL). The organic layer was then dried (Na,SO,), filtered, and concentrated.
Purification of the resultant residue by flash column chromatography (silica gel, hexanes/EtOAc
= 8:1) provided desired ketone (6.0 mg, 49% yield) as a colorless oil.
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HPLC trace for entry 1:

Analysis Report

<Sample Information>

Sample Name : PQ-1695-2
Sample ID : PQ-1695-2

Data Filename : PQ-1695-3.Icd
Method Filename : Default Method.lcm
Batch Filename  :

Vial # A Sample Type - Unknown
Injection Volume 20 uL
Date Acquired :3/17/2021 12:35:35 PM Acquired by : Snyder Group
Date Processed  : 3/17/2021 1:03:58 PM Processed by : Snyder Group
<Chromatogram>
mAU
] | g PDA Multi 2 240nm.4nm)|
] ’|u=
300 ‘
] ‘
2001 ‘
100 } \ §
_ FIW
—Y—— T T

min
<Peak Table>

PDA Ch2 240nm )
Peak# Ret. Time Height Area Height% Area%
1 6.985 345925 3676198 87.924 85.961
2 7.954 47510 600400 12.076 14.039
Total 393435 4276597 100.000 | 100.000
HPLC trace for entry 7:

Analysis Report

<Sample Information>

Sample Name : PQ-1706

Sample ID :PQ-1706

Data Filename : PQ-1706.lcd
Method Filename : Default Method.lem
Batch Filename

Vial # o1 Sample Type - Unknown
Injection Volume : 20 uL
Date Acquired :12/10/2020 5:56:06 PM Acquired by : Snyder Group
Date Processed  : 3/17/2021 9:00:03 AM Processed by : Snyder Group
<Chromatogram>
mAU
] , § PDA Multi 2 240nm 4nmy|
125 ~
100 \
75 ‘
50 '
b '}
] S
257 } ©
o A a o]
T T T T T e T T
min
<Peak Table>
PDA Ch2 240nm i
Peak# Ret. Time Height Area Height% Area%
1 7.057 135380 1425525 86.440 84.523
2 8.025 21238 261035 13.560 15.477
Total 156618 1686560 100.000| 100.000
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HPLC trace for entry 8:

Analysis Report

<Sample Information>

Sample Name : PQ-1700-2
Sample ID : PQ-1700-2
Data Filename : PQ-1700-2.Icd
Method Filename : Default Method.lcm
Batch Filename
Vial # o1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired : 3/18/2021 9:57:45 AM Acquired by : Snyder Group
Date Processed  : 3/18/2021 10:30:32 AM Processed by : Snyder Group
<Chromatogram>
mAU
400_' | E’ PDA Multi 2 240nm.4nmy
] |~
300—‘
2004 ’ ‘
100 { 8
- | =
o] AL_LA
D
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 7.131 399781 4097706 89.327 87.850
2 8.102 47765 566708 10.673 12.150
Total 447546 4664414 100.000 100.000
HPLC trace for entry 9:
<Sample Information>
Sample Name : PQ-1810-1
Sample ID : PQ-1810-1
Data Filename : PQ-1810-1.lcd
Method Filename : Default Method.lcm
Batch Filename
Vial # -1 Sample Type - Unknown
Injection Volume  : 20 uL
Date Acquired ©3/17/2021 1:14:31 PM Acquired by : Snyder Group
Date Processed  : 3/17/2021 1:34:28 PM Processed by : Snyder Group
<Chromatogram>
mAU
i g PDA Multi 2 240nm.4nm|
] ~
300
200 ‘
100+
g 0
1 g
] <
o] NAWAN
T T T T T L A T
min
<Peak Table>
PDA Ch2 240nm
Peak# Ret. Time Height Area Height% Area%
1 7.046 335603 3677124 90.316 89.666
2 8.035 35984 423779 9.684 10.334
Total 371586 4100903 100.000 100.000
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IH and ¥C NMR data for selected intermediates
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Crystal Experiment Section
Crystal growth of C29Hs3NO4Si2: Pei Qu (prof. Scott Snyder’s group).

Data collected/reported: Andrew McNeece/Alexander S. Filatov, September/2019 (X-ray
Laboratory, Searle B013, Department of Chemistry, the University of Chicago, Chicago, Il).

General information: A colorless block was selected and mounted on a Dual-Thickness
MicroMount™ (MiTeGen) with 30 um sample aperture with Fluorolube™ oil. The diffraction data
were measured at 100 K on a Bruker D8 VENTURE diffractometer equipped with a microfocus
Mo-target X-ray tube (1 = 0.71073 A) and PHOTON 100 CMOS detector. Data were collected
using ¢ and o scans to survey a hemisphere of reciprocal space. Data reduction and integration
were performed with the Bruker APEX3 software package (Bruker AXS, version 2017.3-0, 2018).
Data were scaled and corrected for absorption effects using the multi-scan procedure as
implemented in SADABS (Bruker AXS, version 2014/5, Krause, Herbst-Irmer, Sheldrick &
Stalke, J. Appl. Cryst. 2015, 48, 3-10). The structure was solved by SHELXT (Version 2018/2:
Sheldrick, G. M. Acta Crystallogr. 2015, A71, 3-8) and refined by a full-matrix least-squares
procedure using OLEX2 (O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H.
Puschmann. J. Appl. Crystallogr. 2009, 42, 339-341) (XL refinement program version 2018/3,
Sheldrick, G. M. Acta Crystallogr. 2015, C71, 3-8). Crystallographic data and details of the data

collection and structure refinement are listed in Table 1.

Specific details for structure refinement: All atoms were refined with anisotropic thermal
parameters. Hydrogen atoms were included in idealized positions for structure factor calculations
except those bound to oxygen atom of a carboxylic group which was located in the difference
Fourier map. This hydrogen atom was fully independently refined. All structures are drawn with
thermal ellipsoids at 50% probability.

S$102



Table 1 Crystal data and structure refinement for mo_0806_Snyder_Om.

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

alA

b/A

c/A

o/°

pre

y/°

Volume/A3

Z

Pcalcg/0m3

p/mm

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Rint:Z|F02'<F02>|/Z | F02|
R1=ZX|Fo|-|Fc||/Z|Fol

mo_0806_Snyder Om
C29Hs3NO4Si2

535.90

100(2)

monoclinic

P21/c

16.2099(11)

11.5462(8)

17.8961(12)

90

106.578(2)

90

3210.3(4)

4

1.109

0.142

1176.0

0.44 x 0.31 x 0.28

MoKa (A =0.71073)

4.252 to 56.87

21 <h<21,-15<k<15,-23<1<23
110805

8064 [Rint = 0.0695, Rsigma = 0.0329]
8064/0/340

1.071

R1 =0.0482, wR2 = 0.1049
R1=0.0686, wR2 = 0.1140
0.58/-0.27

WR2 = [Z [w (Fo?—Fc?)?] 1 = [w (Fo?) 2]]Y2
Goodness-of-fit = [Z [w (Fo?>~ Fc?) 2] / (n-p)*?
n: number of independent reflections; p: number of refined parameters
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for mo_0806_Snyder Om. Ueq is defined as 1/3 of of the trace of the
orthogonalised Uij tensor.

Atom
Sil
Si2
01
02
03
04
N1
C000
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
Ci15
Cle
C17
C18
C19
C20
c21
C22
Cc23
C24
C25
C26
Cc27
Cc28

10215.

X
2605.

8423.
3450.
4719.
5277.
7494 .
6032.
2755.
838.
1451.
1773.
1625.
2510.
4017.
4157.
4334.0
5043.9(
5334.6
4959.9
5396.3
4943.6
4646.0 (
5552.2(
5010.8
6081.0
6816.
7253.
8407.
7508.
7825.
9066.
8546.
8628.
9305.
9261.

N 00 0 W »
—~ O P A~ A~ N~ N~ N~ ~ O O Yy O Ww Y3 o

e = T = T S R = T = I e e N = TP U T e N = T = T = T = T = S

Iy

N N T N N N N

R W PP O W Ww s DO O v LW o krFE VW OuwWwwoo wuwuwuwkrkrobhdDNDHFHRFP O© J 39439439 Ww Ww

U 3 b O O o O W O

y
2186.

2585.
2925.
1508.
412.
3005.
4852.
600.
1975.
3975.
2562.
2696.
2546.
2624.
3621.
4717.
4523.
3478.
2409.
2261.
3186.
2667.
4132.
1342.
3274.
4146.
4158.
964.
442,
2592.
371.
3035.
4350.
3267.
2904
3075.5¢(

0 W b O P oY W ™ BFP DO WO JIEFE WO I DN Jw woy O 33N
~ o~ o~ o~~~ o~~~ i~~~ o~~~ o~~~ o~~~ o~~~ o~~~ —~ P U1 O O

I e N e e = e T e = T = T e e T e R e e e S S S e e e = T e e T e T P

(@)

Y
O N oY J O 9 0 J 0 b WD w NN WD WD OOOd T 0N OV OO D

P N N N N N N N N

S$107

3896.
4323.
3816.
4982.
4219.
4432.
2572.
3810.9
3137.1
3237.3
2305.5
3112.
4878.
3380.
2865.
3360.
4100.
4359.
3878.
3227.
2601.
1780.
2590.
4375.
5081.
5223.
4577 .
4408.
4052.
2656.
4070.
3352.
3288.
5127.
5937.
5055.

~ o~ ~ ~ ~ ~ ~ ~ ~ O PO OO N O oYy 0O 0O WN N~~~ W o U U Wu
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P N N N N N N N S N

N N O J B O 0 O W

U(eq)

15.18¢(
17.51(
15.0
17.2
16.3
20.5
21.9
24 .4
32.3
35.0
28.9
22.2
22.8
12.5
14.0
15.0
14.9
12.1
11.3
12.6
13.6
19.9
15.8
11.5
15.6
18.5
19.5
27.6
41.8
34.9
35.7
23.3
38.5
26.6
45.3
31.8



Table 3 Anisotropic Displacement Parameters (A2x103) for mo_0806_Snyder_Om. The
Anisotropic displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom U1 U22 Uss U2s Uis U2

Sil 15.2(2) 15.3(2) 16.1(2) -1.17(106) 6.01(15) -2.10(1
Si2 18.2(2) 16.9(2) 17.5(2) 1.62(106) 5.34(16) 3.59(1
01 15.6(5) 14.5(5) 16.2(5) -1.5(4) 6.8(4) 0.1¢(
02 28.5(6) 11.5(5) 15.0(5) 3.9(4) 11.6(5) 2.2 (
03 25.0(6) 11.1(5) 14.4(5) 2.1(4) 8.1(4) 2.8(
04 19.6(6) 17.7(6) 25.5(0) -3.4(5) 8.4 (5) 0.5¢(
N1 23.6(7) 18.5(7) 25.6(7) 6.4 (6) 10.2(6) 1.8¢(
C000 26.9(9) 17.0(8) 31.8(9) -1.8(7) 12.6(7) -4.8(
C1 17.5(8) 49.9(12) 28.9(9) -9.0(9) 5.5(7) -6.3(
Cc2 29.2(10) 30.5(10) 37.8(11) -1.0(8) -2.5(8) 10.3¢
C3 23.7(9) 39.7(11) 20.2(8) 0.5(7) 1.2(7) -6.4(
C4 17.1(7) 26.2(9) 21.2(8) =-3.7(7) 2.1(6) -1.4(
C5 25.6(8) 25.5(9) 20.2(8) -0.1(7) 11.2(7) -2.8(
C6 14.5(7) 12.2(7) 11.3(6) 0.1(5) 4.6 (5) 1.0¢(
C7 15.1(7) 14.8(7) 11.8(7) 2.4 (5) 3.5(5) 2.2 (
C8 18.7(7) 11.1(7) 16.8(7) 2.4 (5) 7.7 (6) 1.8¢(
C9 18.8(7) 12.9(7) 14.6(7) -3.3(5) 7.1(6) -1.7(
C10 13.7(7) 13.1(7) 11.2(6) -1.2(5) 6.2 (5) -1.0(
C11 14.3(6) 9.6(06) 10.6(6) 0.7(5) 4.6(5) 0.2¢(
C12 17.3(7) 10.2(7) 11.4(6) 1.6(5) 5.9 (5) 2.0(
C13 18.8(7) 11.3(7) 11.5(7) 2.8(5) 5.8 (5) 1.7¢(
Cl14 28.3(8) 19.0(8) 12.3(7) 1.2(06) 5.7(6) 2.5¢(
C15 20.5(7) 14.8(7) 13.9(7) 4.2 (06) 7.7 (6) 6.0 (
Ci16 12.0(6) 12.4(7) 9.3(06) -0.4(5) 1.5(5) -1.4(
C17 17.7(7) 16.1(7) 12.9(7) -1.2(6) 4.3(06) 0.0¢(
C18 16.8(7) 19.1(8) 18.1(7) -5.7(6) 2.6(6) -1.6(
C19 17.4(7) 16.1(7) 25.4(8) -2.1(06) 6.6(0) -0.4(
Cc20 35.2(10) 19.6(8) 27.9(9) 5.2(7) 8.9(7) 6.4 (
C21 39.9(11) 20.2(9) 66.6(15) 5.8(9) 17.3(11) -2.3(
c22 40.1(11) 41.9(11) 20.9(9) 3.5(8) 5.7(8) 6.9(
C23 39.6(11) 23.0(9) 41.5(11) -1.8(8) 6.8(9) 12.6(
C24 24.6(8) 25.2(9) 22.2(8) 3.4(7) 10.0(7) 5.6(
C25 51.6(13) 30.8(11) 36.3(11) 12.4(9) 17.8(10) 0.4
C26 21.2(8) 30.6(9) 25.6(9) -3.3(7) 2.7(7) 5.4 (
c27 28.4(10) 81.5(17) 22.2(9) -1.5(10) 1.0(8) 7.8(1
C28 21.1(9) 36.3(10) 35.2(10) -5.3(8) 3.3(7) 0.9¢(
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Table 4 Bond Lengths for mo_0806_Snyder_0m.

Atom Atom  Length/A AtomAtom  Length/A
Sil 01 1.6545(11) C7 Ci13 1.564(2)
Sil C000 1.8594(17) C8 (9 1.503(2)
Sil C4 1.8879(17) C9 C10 1.329(2)
Si1 C5 1.8543(16) C10 C11 1.5282(19)
Si2 04 1.6473(12) C10 C17 1.515(2)
Si2 C20 1.8787(18) Cll1 C12 1.5354(19)
Si2 C24 1.8784(17) Cll1 C16 1.5081(19)
Si2 C26 1.8871(18) Cl2 C13 1.5697(19)
Ol C6 1.4082(17) C13 Ci14 1.532(2)
02 Cl6 1.3164(17) Cl13 Ci15 1.476(2)
03 Ci16 1.2199(17) C17 C18 1.525(2)
04 C19 1.4313(19) C18 C19 1.518(2)
N1 Ci15 1.146(2) C20 C21 1.538(3)
Cl C4 1.535(2) C20 C23 1.532(3)
C2 C4 1.532(3) C22 C24 1.531(3)
C3 C4 1.538(2) C24 C25 1.530(3)
Cé6 C7 1.532(2) C26 C27 1.529(3)
C6 Cl11 1.5538(19) C26 C28 1.534(2)
C7r C8 1.524(2)

Table 5 Bond Angles for mo_0806_Snyder_O0m.

Atom Atom Atom Angle/* Atom Atom Atom

01 Si1 Co000 111.67(7) Cl17 Ci10 C11

Ol Si1 C4 108.45(7) C10 C11 Ce6

Ol Si1 C5 105.12(7) C10 Cl11 C12
C000Si1 C4 110.38(8) Cl12 Cl11 Ce6

C5 Si1 C000 110.29(8) Cl16 Cl1l1 Ce6

C5 Si1 C4 110.80(8) Cl16 Cl11 C10

04 Si2 C20 104.43(7) Cl6 Cl1 Ci12

04 Si2 C24 111.73(7) Cll1 C12 cCi13

04 Si2 C26 107.81(7) C7 C13 C12
C20 Si2 C26 112.25(8) Cl14 C13 C7

C24 Si2 C20 111.04(8) Cl4 C13 C12

C24 Si2 C26 109.47(8) Cl15 C13 C7

C6 O1 si1 127.42(9) Cl15 C13 Ci12

C19 04 Si2 126.93(10) Cl15 C13 Ci14

Cl C4 si1 109.82(12) N1 C15 C13

Cl C4 cC3 109.04(14) 02 Ci16 C11
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C2
C2
C2
C3
o1
o1
C7
C6
C8
C8
C9

C10

C9
C9

C4 Sil
C4 C1
C4 C3
C4 Sil
Ce Cv
C6 Cl11
C6 Cli
Cr Ci13
Cr Co6
Cr C13
c8 C7
cC9 Cs8
C10 C11
Ci10 C17

110.
109.
108.
110.
112.
114.
100.
102.
108.
114.
110.
123.
1109.
123.

03

03

C10
C19
04

C21
C23
C23
C22
C25
C25
c27
C27
C28
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C16
C16
C17
C18
C19
C20
C20
C20
C24
C24
C24
C26
C26
C26

02
Cl1
C18
C17
C18
Si2
Si2
C21
Si2
Si2
C22
Si2
C28
Si2

123.
123.
115.
113.
1009.
112.
112.
110.
113.
112.
109.
112.
110.
114.



Crystal growth of C16H19NOa: Pei Qu (prof. Scott Snyder’s group).

Data collected/reported: Kate Jesse /Alexander S. Filatov, November / 2020 (X-ray Laboratory,
Searle B013, Department of Chemistry, the University of Chicago, Chicago, Il).

General information: The diffraction data were measured at 100 K on a Bruker D8 VENTURE
diffractometer equipped with a microfocus Mo-target X-ray tube (1 = 0.71073 A) and PHOTON
100 CMOS detector. Data were collected using ® scans to survey a sphere of reciprocal space.
Data reduction and integration were performed with the Bruker APEX3 software package (Bruker
AXS, version 2017.3-0, 2018). Data were scaled and corrected for absorption effects using the
multi-scan procedure as implemented in SADABS (Bruker AXS, version 2014/5, Krause, Herbst-
Irmer, Sheldrick & Stalke, J. Appl. Cryst. 2015, 48, 3-10). The structure was solved by SHELXT
(Version 2018/2: Sheldrick, G. M. Acta Crystallogr. 2015, A71, 3-8) and refined by a full-matrix
least-squares procedure using OLEX2 (O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K.
Howard and H. Puschmann. J. Appl. Crystallogr. 2009, 42, 339-341) (XL refinement program
version 2018/3, Sheldrick, G. M. Acta Crystallogr. 2015, C71, 3-8). Crystallographic data and

details of the data collection and structure refinement are listed in Table 1.

Specific details for structure refinement: All atoms were refined with anisotropic thermal
parameters. All hydrogen atoms were included in idealized positions for structure factor
calculations except the hydrogen atom of the NH group. This atom was found in the difference
Fourier map and refined without geometric restraints. All structures are drawn with thermal

ellipsoids at 50% probability.
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Table 1 Crystal data and structure refinement for 0957_PQ_Snyder_1.

Identification code 0957_PQ_Snyder_1
Empirical formula Ci6H19NO4

Formula weight 289.32
Temperature/K 100(2)

Crystal system triclinic

Space group P-1

alA 8.2800(6)

b/A 8.7370(6)

c/A 10.9196(8)

a/° 66.854(2)

/e 72.523(2)

v/° 70.057(2)

Volume/A3 670.06(8)

Z 2

peaicg/cm? 1.434

pw/mm* 0.103

F(000) 308.0

Crystal size/mm?® 0.245 x 0.124 x 0.111
Radiation MoKa (A =0.71073)
20 range for data collection/° 4.134 to 60.026

Index ranges -10<h<11,-11<k<12,-15<1<15
Reflections collected 13695

Independent reflections 3372 [Rint = 0.0367, Rsigma = 0.0475]
Data/restraints/parameters 3372/0/195
Goodness-of-fit on F2 1.025

Final R indexes [I>=2c (I)] R1=0.0463, wR2 =0.0972
Final R indexes [all data] R1=0.0741, wR = 0.1072
Largest diff. peak/hole / e A® 0.53/-0.26

Rint = 2 | Fo? - <Fo?> | 1 = | Fo?

R1=3||Fo| - |Fell / 2| Fol

WR2 = [Z [w (Fo?—Fc?)?] 1 = [w (Fo?) 2]]V2

Goodness-of-fit = [Z [w (Fo? ™ Fc?) 2] / (n-p)*?

n: number of independent reflections; p: number of refined parameters
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for 0957_PQ_Snyder_1. Ueq is defined as 1/3 of of the trace of the
orthogonalised Uy, tensor.

Atom
01
02
03
04
N1
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
Ci15
C16

X
297.5(13)
-1260.9(14)
9122.6(13)
6233.3(12)
4863.2(16)
3970.2(19)
3261(2)
2095.6(19)
3095.3(18)
2038.5(18)
171.8(19)
1863.2(18)
2382.9(18)
3829.8(18)
4884.4(18)
3424.6(18)
2935.5(19)
1558(2)
5875.8(19)
7554.5(19)
7820.0(19)

y

6835.6(14)
7811.5(15)
4210.9(14)
5383.5(13)
9240.9(16)

10508.8(19)

9736(2)

8602.4(19)
7229.5(18)
5959.6(19)
7317.1(19)
7402.8(19)
8929.1(18)
8063.0(18)
6622.8(18)
5797.1(19)
4719.3(19)
7680(2)

7233.6(19)
6404.2(19)
5211.8(19)

VA
8952.0(11)
7362.8(13)
7139.5(11)
7623.0(10)
7284.6(12)
8000.6(15)
9505.0(15)
9703.3(15)
9023.9(14)
9297.1(16)
7646.2(17)
6596.2(15)
6655.1(15)
7504.4(14)
6881.0(14)
7020.0(15)
8494.0(15)
5209.0(17)
5464.0(15)
5396.1(15)
6753.6(15)

U(eq)
17.4(3)
24.9(3)
18.6(3)
12.2(2)
11.9(3)
14.7(3)
16.2(3)
14.8(3)
11.9(3)
14.6(3)
16.5(3)
13.9(3)
11.9(3)
10.8(3)
11.2(3)
13.0(3)
14.4(3)
20.0(4)
12.6(3)
14.5(3)
13.4(3)

Table 3 Anisotropic Displacement Parameters (A%x10%) for 0957 _PQ_Snyder 1. The
Anisotropic displacement factor exponent takes the form: -2n?[h?a*?U11+2hka*b*Usz+...].

Atom Un U2 Uss U2s Uis U1z
o1 9.2(5) 19.1(6) 23.8(6) -8.3(5) 1.0(4) -5.4(4)
02 11.8(5) 25.6(6) 41.4(8) -14.0(6) -8.3(5) -3.3(5)
03 10.8(5) 20.3(6) 18.2(6) -4.7(5) -2.1(4) 1.4(4)
04 8.6(5) 12.9(5) 11.6(5) -3.0(4) -1.1(4) -0.6(4)
N1 9.6(6) 12.2(6) 15.2(7) -4.8(5) -2.0(5) -4.1(5)
C1 15.9(7) 13.7(7) 16.8(8) -6.0(6) -3.4(6) -5.3(6)
C2 20.3(8) 15.6(8) 14.4(8) -6.9(6) -2.5(6) -4.7(6)

C3 14.7(7) 15.8(8) 13.0(8) -6.2(6) 1.0(6) -4.0(6)
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Table 3 Anisotropic Displacement Parameters (A?x10%) for 0957_PQ_Snyder_1. The
Anisotropic displacement factor exponent takes the form: -2n?[h?a*?U1+2hka*b*Us2+...].

Atom Un U22 Uss U2s Uis Uiz
C4 10.3(7) 11.9(7) 12.3(7) -3.7(6) -1.2(5) -2.5(5)
C5 10.7(7) 14.9(8) 16.7(8) -4.3(6) -0.6(6) -4.1(6)
C6 13.5(7) 11.7(7) 27.8(9) -8.4(7) -4.7(6) -4.3(6)
C7 10.9(7) 13.4(7) 19.4(8) -6.2(6) -5.1(6) -2.3(6)
C8 10.5(7) 11.3(7) 14.3(7) -4.4(6) -3.3(6) -2.2(6)
C9 8.6(6) 11.2(7) 13.0(7) -4.4(6) -1.3(5) -2.9(5)
C10 9.7(7) 10.9(7) 12.0(7) -2.6(6) -3.9(5) -1.0(5)
Ci11 10.5(7) 11.9(7) 17.4(8) -6.4(6) -3.1(6) -1.6(6)
C12 13.3(7) 11.9(7) 17.9(8) -4.2(6) -1.2(6) -5.3(6)
C13 19.1(8) 19.2(8) 26.7(9) -10.1(7) -11.2(7) -1.7(6)
Cl4 15.2(7) 12.0(7) 11.5(7) -3.9(6) -1.9(6) -5.1(6)
C15 13.9(7) 16.2(8) 12.7(8) -5.2(6) 0.9(6) -5.4(6)
C16 11.5(7) 13.7(7) 15.3(8) -7.0(6) 0.7(6) -3.6(6)

Table 4 Bond Lengths for 0957 _PQ_Snyder 1.

Atom Atom Length/A  Atom Atom Length/A
Ol C5 14673(17) C5 C12 1517(2)
Ol C6 1.3448(19) C6 C7 1.524(2)
02 C6 1.2064(18) C7 C8 1.563(2)
03 C16 1.2022(17) C7 Ci1l 1570(2)
04 C10 1.4510(16) C7 C13 1.522(2)
04 C16 1.3705(17) C8 C9  1.5379(19)
N1 C1 1.4697(19) C9 Cl10 1.541(2)
N1 C9 1.4602(18) C10 Cl1 1.550(2)
Cl C2 152322) C10 Cl14 1.496(2)
C2 C3 152222) Cl1 C12 1523(2)
C3 C4 1526(22) Cl4 C15 1.325(2)
C4 C5 1527(2) C15 C16 1.469(2)
C4 C9 1.549(2)
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Table 5 Bond Angles for 0957_PQ_Snyder_1.

Atom Atom Atom Angle/

Cé
C16
C9
N1
C3
C2
C3
C3
C5
01
01
C12
01
02
02
C6
Cé
C8
C13
C13
C13
C9

01
o4
N1
C1l
C2
C3
C4
C4
C4
C5
C5
C5
C6
C6
C6
Cc7
Cc7
Cc7
Cc7
Cc7
Cc7
C8

C5
C10
C1l
C2
C1l
C4
C5
C9
C9
C4
C12
C4
Cc7
01
Cc7
C8
Cl1
Cl1
C6
C8
Cl1
Cc7

117.57(11)
109.87(11)
113.32(11)
114.40(12)
110.21(12)
110.14(12)
112.25(12)
110.81(12)
114.56(12)
112.05(11)
106.99(11)
112.48(12)
116.79(12)
118.95(14)
123.84(15)
103.51(12)
112.96(12)
104.41(11)
110.36(12)
113.56(12)
111.69(12)
104.70(11)

Atom Atom Atom Angle/*

N1
N1
N1
C8
C8
C10
o4
o4
04
C9
Cl4
Cl14
C10
C12
C12
C5
C15
Cl4
03
03
04

C9

C9

C9

C9

C9

C9

C10
C10
C10
C10
C10
C10
Cl1
Cl1
Cl1
C12
Cl4
C15
Cl6
Cl6
Cl6

C4
C8
C10
C4
C10
C4
C9
Cl1
Cl14
Cl1
C9
Cl1
C7
C7
C10
Cl1
C10
Cl6
o4
C15
C15
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113.01(11)
111.47(12)
111.90(11)
111.92(11)
98.97(11)

108.73(11)
112.54(11)
111.16(11)
103.46(11)
101.04(11)
114.44(12)
114.56(12)
102.92(11)
110.33(12)
109.44(12)
107.02(12)
110.06(13)
108.71(13)
121.52(13)
130.64(14)
107.84(12)



Data collected/reported: Kate Jesse /Alexander S. Filatov, December / 2020 (X-ray Laboratory,
Searle B013, Department of Chemistry, the University of Chicago, Chicago, Il).

General information: The diffraction data were measured at 100 K on a Bruker D8 VENTURE
diffractometer equipped with a microfocus Mo-target X-ray tube (1 = 0.71073 A) and PHOTON
100 CMOS detector. Data were collected using o scans to survey a sphere of reciprocal space.
Data reduction and integration were performed with the Bruker APEX3 software package (Bruker
AXS, version 2017.3-0, 2018). Data were scaled and corrected for absorption effects using the
multi-scan procedure as implemented in SADABS (Bruker AXS, version 2014/5, Krause, Herbst-
Irmer, Sheldrick & Stalke, J. Appl. Cryst. 2015, 48, 3-10). The structure was solved by SHELXT
(Version 2018/2: Sheldrick, G. M. Acta Crystallogr. 2015, A71, 3-8) and refined by a full-matrix
least-squares procedure using OLEX2 (O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K.
Howard and H. Puschmann. J. Appl. Crystallogr. 2009, 42, 339-341) (XL refinement program
version 2018/3, Sheldrick, G. M. Acta Crystallogr. 2015, C71, 3-8). Crystallographic data and
details of the data collection and structure refinement are listed in Table 1.

Specific details for structure refinement: All atoms were refined with anisotropic thermal
parameters. All hydrogen atoms were included in idealized positions for structure factor
calculations except the hydrogen atom of the OH group. This atom was found in the difference
Fourier map and refined without any restraints. All structures are drawn with thermal ellipsoids at
50% probability.
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Table 1 Crystal data and structure refinement for 0961_PQ_Snyder_2.

Identification code 0961_PQ_Snyder_2
Empirical formula C16H19NO4

Formula weight 289.32
Temperature/K 100(2)

Crystal system monoclinic

Space group P21/n

alA 6.9925(5)

b/A 22.6400(15)

c/A 8.7190(6)

a/° 90

p/° 107.547(2)

v/° 90

Volume/A3 1316.08(16)

Z 4

Pcalcg/Cm3 1.460

pw/mm* 0.105

F(000) 616.0

Crystal size/mm?® 0.256 x 0.161 x 0.096
Radiation MoKa (A =10.71073)
20 range for data collection/° 5.22 t0 61.02

Index ranges -9<h<9,-30<k<31,-12<1<12
Reflections collected 20251

Independent reflections 3851 [Rint = 0.0478, Rsigma = 0.0464]
Data/restraints/parameters 3851/0/195
Goodness-of-fit on F2 1.044

Final R indexes [[>=26 (I)] ~ Ri = 0.0528, WR; = 0.1147
Final R indexes [all data] R1=0.0846, wR, =0.1270
Largest diff. peak/hole / e A®  0.49/-0.24

Rint = 2 | Fo? - <Fo?> | 1 = | Fo?

R1=3||Fo| - |Fell / 2| Fol

WR2 = [Z [w (Fo?—Fc?)?] 1 = [w (Fo?) 2]]V2

Goodness-of-fit = [Z [w (Fo? ™ Fc?) 2] / (n-p)*?

n: number of independent reflections; p: number of refined parameters
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for 0961_PQ_Snyder_2. Ueq is defined as 1/3 of of the trace of the
orthogonalised Uy, tensor.

Atom X y z U(eq)
01 3938(2) 6965.3(6) 8801.5(15) 29.5(3)
02 8423.6(17) 7299.0(5) 6039.3(13) 17.7(2)
03 8312.5(17) 5405.2(5) 4428.6(14) 19.9(3)
04 5812.3(19) 5132.9(5) 2344.0(14) 24.6(3)
N1 6245(2) 6537.0(6) 7822.2(14) 14.9(3)
Cl 4733(3) 6922.3(7) 7713.0(19) 19.1(3)
C2 4028(3) 7289.8(7) 6252.3(19) 20.2(3)
C3 4901(2) 7286.8(7) 5096.1(19) 17.2(3)
C4 6768(2) 6926.4(6) 5302.6(17) 13.0(3)
C5 6894(2) 6622.2(6) 3749.9(17) 13.4(3)
C6 9049(2) 6416.3(7) 4028.0(19) 16.8(3)
C7 9409(2) 5922.3(7) 5255.3(19) 17.8(3)
C8 8866(2) 6097.0(7) 6772.7(18) 15.4(3)
C9 9118(2) 5597.8(7) 7983.9(19) 21.1(3)
C10 8735(3) 5841.0(8) 9487.1(19) 23.7(4)
Cl1 6657(3) 6098.0(7) 9133.2(18) 19.2(3)
C12 6772(2) 6385.3(6) 6360.8(17) 12.2(3)
C13 5153(2) 5998.0(6) 5231.0(17) 12.7(3)
Cl4 5480(2) 6070.8(6) 3555.6(17) 13.1(3)
C15 6527(2) 5508.4(7) 3327.1(18) 16.6(3)
C16 3511(2) 6143.3(7) 2227.1(18) 17.8(3)

Table 3 Anisotropic Displacement Parameters (A%x10%) for 0961_PQ_Snyder 2. The
Anisotropic displacement factor exponent takes the form: -2n?[h?a*?U11+2hka*b*Uiz+...].

Atom
01
02
03
04
N1
C1
C2
C3

Un
43.9(8)
22.3(6)
19.4(6)
31.2(7)
19.5(7)
24.5(8)
23.3(8)
20.3(8)

U2

27.0(7)
13.9(5)
14.4(5)
19.0(6)
14.4(6)
17.1(8)
16.8(8)
12.5(7)

Uss

26.5(6)
15.7(5)
26.6(6)
25.6(6)
10.6(6)
17.7(7)
20.8(8)
17.0(7)

S$123

U2s
-3.8(5)
-0.6(4)
-3.3(4)
-8.6(5)
0.1(5)
-4.7(6)
-2.0(6)
0.5(6)

Uiz

24.0(6)
4.1(5)
8.0(5)
11.3(5)
4.5(5)
9.6(6)
7.1(7)
3.1(6)

U2
4.4(6)
-7.1(4)
2.1(4)
-5.1(5)
-0.8(5)
-2.4(6)
5.8(6)
3.6(6)



Table 3 Anisotropic Displacement Parameters (A?x10%) for 0961_PQ_Snyder 2. The
Anisotropic displacement factor exponent takes the form: -2n?[h?a*?U1+2hka*b*Us2+...].

Atom Un U22 Uss U2s Uis U2
C4 14.7(7) 11.1(7) 12.3(6) 0.7(5) 2.7(5) -1.3(5)
C5 14.5(7) 12.8(7) 13.4(6) 0.3(5) 4.9(5) -1.0(5)
C6 13.7(7) 19.2(8) 19.6(7) -1.2(6) 8.0(6) -2.7(6)
C7 12.1(7) 17.1(8) 23.9(8) -1.1(6) 4.9(6) 0.6(6)
C8 12.6(7) 14.7(7) 17.1(7) 1.4(6) 1.4(6) 0.7(6)
C9 19.5(8) 18.0(8) 22.8(8) 6.7(6) 1.6(7) 3.8(6)
C10 26.1(9) 23.0(8) 16.9(8) 6.3(6) -1.1(7) -1.5(7)
Ci11 26.8(8) 18.5(8) 11.7(7) 2.0(6) 4.9(6) -4.4(6)
C12 13.4(7) 11.7(7) 11.5(6) 0.9(5) 3.9(5) -0.1(5)
C13 12.7(7) 12.5(7) 13.5(6) 0.7(5) 4.8(5) -1.7(5)
Cl4 13.8(7) 13.2(7) 12.9(6) -1.2(5) 4.8(5) -2.5(5)
C15 18.4(8) 15.5(7) 18.6(7) -0.3(6) 9.7(6) -2.5(6)
C16 16.1(7) 21.8(8) 14.6(7) -0.5(6) 3.3(6) -3.8(6)

Table 4 Bond Lengths for 0961 _PQ_Snyder 2.

Atom Atom Length/A  Atom Atom Length/A
Ol Cl1 1.2402(19) C5 C6 1.525(2)
02 C4 1.4199(18) C5 Cl14 1.570(2)
03 C7 14644(19) C6 C7 1515(2)
03 C15 1.3464(19) C7 C8 1.534(2)
04 C15 1.2037(19) C8 C9 1.520(2)
NI C1 1.352(2) C8 Cl12 1543(2)
N1 C11 1.4761(19) C9 C10 1.518(2)
N1 C12 1.4699(18) C10 Cl11 1.508(2)
Cl C2 1476(2) Cl12 C13 1532(2)
C2 C3 13272) C13 Cl4 1.554(2)
C3 C4 1504(2) Cl4 C15 1512(2)
C4 C5 15452) Cl4 C16 1517(2)
C4 C12 1.533(2)
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Table 5 Bond Angles for 0961 _PQ_Snyder_2.

Atom Atom Atom Angle/

C15 O3
Cl Nl
Cl Nl
Cl2 N1
01 C1
01 C1
N1 C1
C3 C2
c2 C3
02 C4
02 C4
02 C4
C3 C4
C3 C4
Cl2 C4
C4 C5
Cé6 C5
Cé6 C5
C7 C6
o3 C7
o3 C7
Cé C7

Cc7
Cl1
C12
Cl1
N1
C2
C2
C1l
C4
C3
C5
C12
C5
C12
C5
C14
C4
C14
C5
C6
C8
C8

116.61(12)
117.06(13)
119.00(12)
118.21(12)
121.23(15)
120.37(15)
118.40(13)
122.82(15)
119.58(14)
106.97(12)
114.03(12)
110.44(12)
114.44(12)
110.47(12)
100.42(11)
104.41(11)
108.15(12)
109.50(12)
106.49(12)
106.94(12)
113.67(13)
112.76(13)

Atom Atom Atom Angle/*

C7
C9
C9
C10
Cl1
N1
N1
N1
N1
C4
C13
C13
C12
C13
C15
C15
C15
Cl6
Cl6
03
04
04

C8

C8

C8

C9

C10
Cl1
C12
C12
C12
C12
C12
C12
C13
Cl4
Cl4
Cl4
Cl4
Cl4
Cl4
C15
C15
C15

C12
C7
C12
C8
C9
C10
C4
C8
C13
C8
C4
C8
Cl4
C5
C5
C13
Cl6
C5
C13
Cl14
03
Cl14

111.87(12)
113.61(13)
112.27(13)
108.45(13)
111.91(13)
111.66(13)
112.30(12)
111.42(12)
111.18(12)
107.91(12)
101.74(11)
111.88(12)
104.73(11)
104.43(11)
111.72(12)
104.42(12)
110.77(12)
113.16(12)
111.86(12)
115.71(13)
118.82(15)
125.12(15)

Table 6 Torsion Angles for 0961 _PQ_Snyder_2.
A B C D

O1cC1
02C4
02C4
02C4
02C4
02C4
03 C7
03 C7
N1C1

Angle/*

C2 C3 175.92(16)
C5 C6 41.62(16)

C5 C14 158.16(12)
C12N1 71.14(15)

C12C8 -52.05(15)
C12 C13 -169.90(11)
C8 C9 55.17(17)

C8 C12-73.23(16)
C2 C3 -4.7(2)

A B C D
C5
C7
C7
O3
O3
C8
C8
C8
C8

C6
C6
C6
C7
C7
C7
C7
C7
Cc7

Angle/*
C14 C16 -138.46(13)
C8 C9 177.11(13)
C8 C1248.71(17)
C1504 161.41(14)
C15 C14 -25.02(18)
C9 C10174.53(13)
C12 N1 178.54(12)
Cl12 C4 -57.74(16)
C12 C13 53.37(16)
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Table 6 Torsion Angles for 0961 _PQ_Snyder_2.
A B C D Angle/ A B C D Angle
N1C12 C13 C14159.50(11) C8 C9 C10C1159.28(18)
C1 N1 C11C10-160.51(14) C8 C12 C13 C14-75.20(14)
C1N1 C12C4 41.96(18) C9 C8 C12 N1 49.44(17)
C1 N1 C12C8 163.15(13) C9 C8 C12C4 173.16(12)
C1 N1 C12C13-71.29(17) C9 C8 C12C13-75.72(15)
Cl1C2 C3 C4 -4.0(2 C9 C10C11 N1 -53.07(18)
C2C3 C4 02 -90.57(17) CI11N1 C1 O1 10.8(2)
C2C3 C4 C5 142.10(15) CI11N1 Cl1 C2 -168.53(14)
C2C3 C4 C1229.67(19) CI11N1 Cl12C4 -165.46(13)
C3C4 C5 C6 165.24(12) C11N1 C12C8 -44.26(17)
C3C4 C5 C14-78.21(15) CI11N1 C12C1381.29(16)
C3C4 CI12N1 -47.00(16) CI12N1 C1 O1 163.72(15)
C3C4 C12C8 -170.19(12) Cl12N1 C1 C2 -15.6(2)
C3C4 C12C1371.96(14) C12N1 C11C1046.38(18)
C4C5 C6 C7 68.30(15) Cl2C4 C5 C6 -76.46(14)
C4 C5 C14C13-15.94(14) Cl2C4 C5 C1440.08(14)
C4 C5 C14C15-128.23(12) Cl12C8 C9 C10-57.29(17)
C4 C5 C14C16 105.94(14) C12C13C14C5 -14.46(14)
C4 C12 C13C14 39.76(14) C12C13 C14 C15102.97(13)
C5C4 CI12N1 -168.17(11) C12C13C14C16-137.19(13)
C5C4 C12C8 68.64(13) (C13C14C1503 -60.53(16)
C5C4 C12C13-49.21(13) C13C14C1504 112.59(16)
C5C6 C7 O3 73.38(14) Cl14C5 C6 C7 -44.89(16)
C5C6 C7 C8 -52.27(16) C1503 C7 C6 -36.99(17)
C5C14C1503 51.77(17) C1503 C7 C8 88.12(16)
C5C14C1504 -135.12(16) C16 C14 C1503 178.91(13)
C6 C5 C14C1399.66(13) C16C14C1504 -8.0(2)
C6 C5 C14 C15-12.62(16)
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