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B  General: All reactions were carried out in oven-dried (150 °C) or flame-dried glassware

under an inert atmosphere of dried N, unless otherwise noted. Analytical thin-layer

chromatography was performed on glass plates coated with 0.25 mm of 60 A mesh silica gel.
Plates were visualized by exposure to UV light (254 nm) and/or immersion into KMnOs or
Seebach Stain followed by heating. Column chromatography was performed using silica gel P60
(mesh 230-400) supplied by Silicycle. Deactivated silica gel was prepared by stirring a slurry of
the aforementioned silica gel in a 4.5% NaOAc aqueous solution for 15 minutes. The deactivated
silica gel was collected by filtration and then dried in a 150 *C oven for 3 days. All solvents were
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sparged with argon and then purified under a positive pressure of argon through a SG Water,
USA Solvent Purification System. Tetrahydrofuran, toluene, and benzene (OmniSolv) were
passed successively through two columns of neutral alumina. The ambient temperature in the

laboratory was approximately 22 °C.

B Instrumentation: All 'H NMR spectra were recorded on Bruker Spectrometers (AVANCE-
600, AVANCE-500 and AVANCE-400). Chemical shifts are reported in ppm from
tetramethylsilane and referenced to the residual protio solvent peak (CDCls: d 7.26, CeDe: 0
7.16). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, qu = quartet, quint = quintet, br = broad, m = multiplet, app = apparent), integration, and
coupling constants are given in Hz. *C NMR spectra were recorded on Bruker Spectrometers
(AVANCE-600 and AVANCE-400) with carbon and proton decoupling. Chemical shifts are
reported in ppm from tetramethylsilane and referenced to the residual protio solvent peak
(CDClIs: ® 77.16, CsDes: 0 128.06). All IR spectra were recorded on a Jasco 260 Plus Fourier
transform infrared spectrometer. Optical rotations were determined using a Jasco P1010
polarimeter and concentrations are reported in g/100mL. Enantiomeric ratios were determined
on an Agilent Technologies 1220 Infinity LC using the following columns: Diacel CHIRALPAK
IA (4.6 mm x 250 mm x 5 pm), Diacel CHIRALPAK IB (4.6 mm x 250 mm x 5 pm), and Diacel
CHIRALPAK IC (4.6 mm x 250 mm x 5 pm). Chiral supercritical fluid chromatography analysis
was performed on a Waters Acquity UPC? instrument at 22°C with Phenomenex chiral columns
(15 cm) using the conditions detailed for each substrate. Mass Spectrometry samples were
analyzed with a hybrid LTQ FT (ICR 7T) (ThermoFisher, Bremen, Germany) mass spectrometer.
Samples were introduced via a micro-electrospray source at a flow rate of 10 uL/min (solvent
composition 10:1 MeOH:H20 or pure acetonitrile for copper complexes). Xcalibur
(ThermoFisher, Breman, Germany) was used to analyze the data. Molecular formula
assignments were determined with Molecular Formula Calculator (v 1.2.3). Low-resolution
mass spectrometry (linear ion trap) provided independent verification of molecular weight
distributions. All observed species were singly charged, as verified by unit m/z separation
between mass spectral peaks corresponding to the 2C and *C2Cc1 isotope for each elemental

composition.

B Reagents: All liquid aldehydes were distilled from CaH, or CaSOs under reduced pressure
and then sparged with dry N.,. Solid aldehydes were purified via recrystallization, followed by

azeotropic drying with benzene. Tetrakis(acetonitrile)copper hexafluorophosphate was
purchased from Sigma Aldrich and kept in an N»-filled glove box. All chiral phosphine ligands

used were purchased from Strem Chemicals Inc. and used as received.
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1-(2-allyl-4-fluorophenyl)ethan-1-one was prepared according to a literature procedure’
2’-Allylacetophenone was prepared according to a literature procedure’

2-Allylbenzaldehyde was prepared according to a literature procedure’

4-Anisaldehyde was purchased from Alfa-Aesar, dried over CaH, distilled under reduced

pressure, and then sparged with dry N

Bis(pinacolato)diboron was purchased from Frontier Scientific, recrystallized from boiling
hexanes, azeotropically dried with benzene three times, and kept in an No-filled glovebox
Benzaldehyde was purchased from Alfa-Aesar, vacuum distilled from CaH,, and then sparged

with dry N,
Benzene-d, was purchased from Cambridge Isotope Laboratories and distilled over
Na/benzophenone, sparged with dry N,, and kept in an N,-filled glove box over 4 A molecular

sieves

Benzoic Anhydride was purchased from Acros and used as received.
Benzylchlorodimethylsilane was purchased from TCI and used as received
1-Bromo-2-methyl-1-propene was purchased from Matrix Scientific and used as recieved

2-Bromobenzaldehyde was purchased from Alfa-Aesar, dried over CaH, distilled under
reduced pressure, and then sparged with dry N,

2-Bromo-4-chlorobenzaldehyde was purchased from Alfa-Aesar, recrystallized from methanol,

azeotropically dried with benzene three times, and then stored in an N -filled glovebox

4-Bromobenzaldehyde was purchased from Alfa-Aesar, recrystallized from methanol,

azeotropically dried with benzene three times, and then stored in an N,-filled glovebox

Calcium hydride was purchased from Acros and used without further purification

CDCl; was purchased from Cambridge Isotope Laboratories and used without further

purification

Cyclohexanecarboxyaldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled
under reduced pressure, and then sparged with dry N,

Dibromomethane was purchased from Aldrich and used as received

Dihydrocinnamaldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under
reduced pressure, sparged with dry N,, and stored at -20 °C

4-Dimethylaminopyridine was purchased from Sigma Aldrich and used as received.

4-Fluorobenzaldehyde was purchased from Alfa-Aesar, dried over CaH, distilled under
reduced pressure, and then sparged with dry N,

Furan was purchased from Alfa Aesar, dried over CaH>, distilled under reduced pressure, kept
over 4A molecular sieves and sparged with dry Na
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2-Furylaldehyde was purchased from Acros Organics, dried over CaH,, distilled under reduced
pressure, and then sparged with dry N,

Geranial was synthesized according to a published literature procedure?

Grubb’s 1¢t Generation Catalyst was purchased from Aldrich and used as received
5-Hexen-2-one was purchased from Alfa Aesar and used as received

Hydrogen Peroxide was purchased as a 30% solution in water and stored at -20 °C
Isovaleraldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under reduced
pressure, sparged with dry N,, and stored at -20 °C.

Methoxyamine was prepared according to a literature procedure?

n-Butyllithium was purchased from Strem and titrated with phenanthroline/sec-butanol
N-Boc-3-indolecarboxaldehyde was synthesized according to a published literature procedure*
N-Bromosuccinimide was purchased from Aldrich and recrystallized from water before use
Nicotinaldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under reduced
pressure, and then sparged with dry N,

Palladium(II) Acetate was purchased from Strem Chemicals and used as received

Potassium tert-butoxide were purchased from Strem and used as received

RuPhos was purchased from Sigma Aldrich and used as received

Sodium Hydroxide was purchased from Fisher Scientific and used as received

tert-Butyl allyl(2-oxopropyl)carbamate was prepared according to a modified literature
procedure’

tert-Butyldimethylsilyl chloride was purchased from Sigma-Aldrich and used as received
2-Tolualdehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under reduced
pressure, and then sparged with dry N,

3-Tolualdehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under reduced
pressure, and then sparged with dry N,

Triethylamine was purchased from Sigma Aldrich, dried over CaH>, and distilled under No.
2,4,6-Trimethylbenzaldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under

reduced pressure, and then sparged with dry N,

trans-Cinnamaldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled under
reduced pressure, and then sparged with dry N,

trans-a-Methylcinnamaldehyde was purchased from Alfa-Aesar, dried over CaH,, distilled
under reduced pressure, and then sparged with dry N,

Vinyl boronic acid pinacol ester was purchased from Sigma Aldrich, dried over CaH,, distilled

under reduced pressure, sparged with dry N,, and stored at -20 °C in an N, -filled glovebox
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B Synthesis of Copper tert-butoxide

th e
Cul  +  KO®Bu > Cu—0—{—Me
-201022°C, 18 h

Procedure: Copper tert-butoxide was prepared according to a literature procedure.® In an No-
filled glovebox, a -20 °C solution of KOt-Bu (295.6 mg, 2.625 mmol) in thf (3.35 mL) was added
to a -20 °C suspension of Cul (500.0 mg, 2.625 mmol) in thf (3.35 mL) in a 20 mL scintillation
vial. The vial was agitated and allowed to stand at -20 °C for 30 minutes. The reaction was then
allowed to stir at ambient temperature for 18 hours. The heterogeneous reaction was allowed to
settle and the supernatant was removed and filtered over Celite®. The filtrate was concentrated
to afford CuOt-Bu as a tan/yellow powder in 75% yield (269 mg). 'H NMR (600 MHz, C¢Ds): 0
1.31 (s, 9H). 3C NMR (151 MHz, CeDs): 0 72.3, 35.5.

B General Procedure (I) for the Diastereoselective Multicomponent Borylation/1,2-Addition
Reaction

5 mol % Cu(MeCN),PFg
6 mol % rac-binap

5 mol % KOBu; 110 mol % By(pin),
B‘/
0 thf, 22 °C, 48 h \,Z<

1.1 equiv

Procedure: In an N,-filled glovebox, an 8-mL vial equipped with a magnetic stir bar was
charged with Cu(MeCN),PF, (1.9 mg, 0.0050 mmol) and rac-binap (3.7 mg, 0.0060 mmol) and

dissolved in 400 pL of thf. The reaction was allowed to stir at ambient temperature for 60
minutes, after which time the solution was transferred to an 8-mL vial containing KO'Bu (0.6
mg, 0.0050 mmol). The original vial was washed with 200 pL of thf and the reaction mixture
allowed to stir at ambient temperature for 30 minutes. Bis(pinacolato)diboron (27.9 mg, 0.110
mmol) was added to the vial as a solution in thf (200 pL). Vinyl boronic acid pinacol ester (18.7
uL, 0.110 mmol) and the aldehyde (0.1 mmol) were added sequentially via syringe. The reaction
was capped with a Teflon-lined lid, sealed with electrical tape, removed from the glovebox, and
allowed to stir at ambient temperature for 48 hours. The reaction was quenched with 2 mL of a
saturated aqueous solution of NH,Cl and allowed to stir vigorously at 22 °C for 30 minutes. The

aqueous layer was extracted three times with diethyl ether, and the combined organic extracts
were dried over MgSO,, filtered, and concentrated in vacuo. Conversions and diastereomeric

ratios were determined by '"H NMR, using hexamethyldisiloxane as an internal standard.
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Scheme S1. Diastereoselective Multicomponent Borylation/1,2-
Addition of Vinylboron 1 and Aldehydes?°

5 mol % Cu(MeCN),4PFg
6 mol % rac-binap

e} 5 mol % KOt-Bu
)I\ + NN G)\E/\B( .
H 1

B,(pin), (1.1 equiv) B(pin)
thf, 22 °C, 48 h

Y

T B(pin) Y B(pin) Y B(pin)
B(pin) B(pin) BocN B(pin)
rac-2a Me rac-2e rac-2i
77% yield, 90:10 dr 85% yield, 91:9 dr 80% yield, 92:8 dr
Me Me OH OH
Me)\/\)\/l\E/\B(pin) <" B(pin)
B(pin) B(pin)
rac-2q rac-5
70% yield, >98:2 dr 40% vyield, 67:33 dr

4Reactions performed under an N, atmosphere. bDiastereoselectivity
determined using "H NMR spectroscopy on the crude reaction mixture.
CIsolated yields correspond to the anti diastereomer
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B General Procedure (II) for the Enantio- and Diastereoselective Multicomponent
Borylation/1,2-Addition Reaction

5 mol % CuOt-Bu
6 mol % (R)-CI-OMe-biphep

o 110 mol % By(pin),
B‘/
(0] benzene, 22 °C, 48 h \,5

2.0 equiv

Procedure: In an N,-filled glovebox, an 8-mL vial equipped with a magnetic stir bar was

charged with CuOt-Bu (1.4 mg, 0.010 mmol) and (R)-CI-OMe-biphep (7.2 mg, 0.011 mmol) and
dissolved in 400 pL of benzene. The reaction was allowed to stir at ambient temperature for 60
minutes. Bis(pinacolato)diboron (27.9 mg, 0.110 mmol) was added to the vial as a solution in
benzene (200 pL), followed by vinyl boronic acid pinacol ester (18.7 uL, 0.110 mmol), and the
aldehyde (0.1 mmol) neat via syringe. The reaction was capped with a Teflon-lined lid, sealed
with electrical tape, removed from the glovebox, and allowed to stir at ambient temperature for

48 hours. The reaction was quenched with 2 mL of a saturated aqueous solution of NH,Cl and

allowed to stir vigorously at 22 °C for 30 minutes. The aqueous layer was extracted three times

with diethyl ether, and the combined organic extracts were dried over MgSO,, filtered, and

concentrated in vacuo. Conversions and diastereomeric ratios were determined by 'H NMR,

using hexamethyldisiloxane as an internal standard.

For determination of the enantioselectivity of alkyl aldehyde addition products without a UV
absorbing group (aryl ring, alkene, etc.), the 1-hydroxy-2,3-bisboroantes were oxidized to the
triol and subsequently benzoylated to afford the 1,2,3-tris-benzoate products, which were

assayed via HPLC.

B General Procedure (III) for the TBS-Protection of 1-Hydroxy-2,3-bisboronate Products

OH TBS-CI (3.0 equiv) o "Me

O imidazole (4.0 equiv)
B. O o 1
%0 DMF, 22 °C, 18 h /B\o O\ﬁ

A crude reaction mixture of 1-hydroxy-2,3-bisboronate was charged with imidazole (4.0

equivalents) and a magnetic stir bar and dried under vacuum for 20 minutes. TBSCI (3.0
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equivalents) was then added to the vial and purged with N2 for 5 minutes. Anhydrous dmf
(0.15M) was then added via syringe under N2 and the reaction was purged for an additional 5
minutes and then allowed to stir at ambient temperature for 18 hours. The reaction was
quenched by addition of 1 mL of a saturated aqueous solution of NH4Cl. The mixture was
extracted 3X with diethyl ether and the combined organic extracts were washed with a
saturated aqueous solution of NaHCOs, followed by brine. The washed organic extracts were
dried over MgSOy, filtered, and concentrated in vacuo. The crude reaction mixture was purified
via silica gel chromatography (20:1 hexanes:Et20, Seebach Stain visualization) to yield the TBS-
protected products.

B Supplementary Procedure A: Oxidation/Benzoylation of Alkyl Aldehyde Addition
Products
NaOH(aq), 30% H202 OBz

o thf, 0t0 22 °C, 6 h
Y l%/o > Y OBz
o/B\o 0 (Bz),0 (4 equiv) OBz

NEt; (4 equiv)
20 mol % dmap
CH,Cl,, 22°C, 2h

A vial containing 2p (7.9 mg, 0.2 mmol) was charged with thf (800 uL) and allowed to cool to 0
°C (ice/water bath). The reaction was charged with 3M NaOH (400 pL, 1.2 mmol) and then 30%
H202 (400 pL, 4.0 mmol) dropwise. The reaction was allowed to slowly warm up to ambient
temperature over 2 hours, followed by 4 hours of additional stirring at that temperature. The
reaction was allowed to cool to 0 °C and quenched by dropwise addition of 1M Na25:0s. The
reaction was diluted with water and then extracted 6X with EtOAc. The combined organic
extracts were dried over Na2SQs, filtered, and then concentrated in vacuo. The crude oxidation
mixture was taken up in 1:1 hexanes:EtOAc and passed through a column of silica gel (to
remove pinacol) and then flushed thoroughly with pure EtOAc to isolate the product. The
purified triol (9.4 mg, 0.054 mmol), benzoic anhydride (48.8 mg, 0.216 mmol), and 4-
dimethylaminopyridine (1.3 mg, 0.0108 mmol) were added to an 8 mL vial equipped with a stir
bar and then dried in vacuo for 10 minutes. The vial was purged with N2z for 10 minutes and
then charged with CH2Clz (500 uL) followed by NEts (30.1 uL, 0.216 mmol). The reaction was
allowed to stir at ambient temperature for 2 hours and then quenched with a saturated aqueous
solution of NH4Cl. The biphasic mixture was extracted 3X with diethyl ether, dried over MgSOs,
tiltered, and then concentrated in vacuo. The product was purified via silica gel chromatography
(5:1 pentane:Et20) to afford the product.
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OH
s
o“B\o °

2a

1-phenyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-ol ~ (2a).  Following
General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et2O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 74% yield (28.7
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 6 7.39 - 7.35 (m, 2H),
7.32 (t, ] =7.6 Hz, 2H), 7.26 — 7.22 (m, 1H), 4.72 (dd, ] = 7.6, 3.7 Hz, 1H), 3.11 (d, | = 4.7 Hz, 1H),
1.66 (ddd, ] = 8.9, 7.5, 5.7 Hz, 1H), 1.25 (d, | = 2.2 Hz, 24H), 0.88 — 0.74 (m, 2H). *C NMR (151
MHz, CDCls) o 144.3, 128.1, 127.1, 126.4, 83.5, 83.1, 28.4, 24.9, 24.8, 24.8, 24.8, 9.6. IR (v/cm™):
3481 (s, br), 3080 (w), 2976 (s), 2941 (m), 2875 (m), 1489 (w), 1465 (m), 1330 (m), 1249 (w), 1230
(w), 1113 (w), 1111 (w). HRMS (ESI*) calcd for CaHzB20sNa* 411.2490, found: [M+Na’]
411.2485. [a]p*? = —20.6 (c = 5.45, CH2Cl:, [ = 100 mm).

The absolute stereochemistry and diastereoselectivity of the product was determined by [a]p
analysis of the oxidized product (1,2,3-triol) which has been previously characterized (found
[a]p?2 = —71.67 (c = 2.95, CH:Clz, [ = 100 mm), lit: [a]p?' = —89.73 (c = 0.66, CHCl3).°

For all 1-hydroxy-2,3-bisboronate products, the *C NMR signals for the carbons bound to each
boronate ester are highly broadened and sometimes absent, likely due to quadrupolar
relaxation of the "B nucleus coupled to *C nucleus.

Diacel CHIRALPAK IC Colummn; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (JOANNOLWMV.-VI-068 A FL_7.0)

43252
45533

File Information # Time Area Height Width Area% Symmetry

LCFile [MVI-VI-068 AFL_7.0 = [[1 ] 43252 | 192455 | 3558 | 0838 | 48.411 | 075 |

File Path | C:\CHEM32\1\DATAVOANNOUY 2] 45533 | 20809 | 3482 | 008141 | 51589 | 0.73 |

Date |04-Aug 15, 11:16:25 =
Sample [MVI-VI-068 A FL_7

Sample Info [ 1-hydroxy-2,3-bishoronate ester; Column IC; 98:2 Hex:iPrOH; 0.3C

Racemic Material
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WWD1 A, Wavelength=210 nm (JCANNCLUIMVIVIIO3E A FL.D)

L ol
43480
FR
45293

[ I3
File Information # Time Area Height Width  Area% Symmetry
LC-File [MVI-VIL-038 A FL.D = [A ] 43as [ sme7 | 732 | 07979 | 4412 | 086 |
File Path | C:\CHEM32\1\DATAVOANNOUY [ 2] 45293 | 816747 | 1311.8 | 0.9614 | 95.588 | 0.517 |

Date |01-Jun-16, 00:58:44
Sample |MVIVII-033 AFL
Sample Info | 1-Ph-1-hydroxybisboronate; 98:2 hexanes:PrOH; 0.3 mL/min; IC C

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 43.4 min; (1S5,2S) enantiomer: 45.3 min: 96:4 e.r.

IYlet Bu
_sil
O Me
s
o/B\o °
10

tert-butyldimethyl(1-phenyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

ylpropoxy)silane (10). Following General Procedure III, the crude reaction mixture was
purified via silica gel chromatography (25:1 pentane:Et2O, Seebach Stain visualization) to yield
the TBS-protected product in 62% yield (over two steps) in 84:16 d.r. (155.6 mg). Anti
diastereomer: '"H NMR (600 MHz, CDCls)  7.34 — 7.30 (m, 2H), 7.25 (dd, | = 8.3, 6.8 Hz, 2H),
7.20 - 7.16 (m, 1H), 4.78 (d, | = 6.5 Hz, 1H), 1.63 — 1.58 (m, 1H), 1.25 (s, 6H), 1.23 (s, 6H), 1.21 (s,
6H), 1.21 (s, 6H), 0.88 (s, 9H), 0.78 — 0.74 (m, 2H), 0.03 (s, 3H), -0.27 (s, 3H). Syn diastereomer: 'H
NMR (600 MHz, CDCls) 6 7.34 — 7.31 (m, 2H), 7.25 (t, ] = 7.6 Hz, 2H), 7.20 - 7.16 (m, 1H), 4.62 (d,
J=8.7 Hz, 1H), 1.54 (ddd, ] = 12.4, 8.7, 3.6 Hz, 1H), 1.25 (s, 6H), 1.23 (s, 6H), 1.21 (s, 6H), 1.21 (s,
6H), 0.84 (s, 9H), 0.78 — 0.74 (m, 2H), 0.02 (s, 3H), -0.27 (s, 3H). *C NMR (151 MHz, CDCls) &
145.5, 145.1, 127.6, 127.5, 127.2, 127.0, 126.8, 126.6, 82.9, 82.9, 82.8, 82.8, 78.0, 77.9, 30.1, 26.0, 25.9,
25.2,25.0,25.0, 25.0, 24.9, 24.8, 24.8, 24.7, 18.2, 8.9, -4.5, -4.7. IR (v/cm™): 2985 (m), 2945 (m), 2879
(m), 2843 (m), 1416 (m), 1402 (w), 1379 (m), 1371 (m). HRMS (ESI*): caled for C2sHssB20sSiNa*
525.3355, found [M+Na*] 525.3350. [a]p?2 = —37.2 (c = 7.92, CH2Clz, [ = 100 mm).
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OH

'?/O

B O
F o o \[K

2b
1-(4-fluorophenyl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-ol (2b).

Following General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et2O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 70% yield (28.4
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 6 7.36 — 7.31 (m, 2H),
7.00 (t, ] =8.7 Hz, 2H), 470 (dd, ] =7.7, 2.9 Hz, 1H), 3.18 (d, | = 4.6 Hz, 1H), 1.65 — 1.57 (m, 1H),
1.25(d, J=1.5 Hz, 24H), 0.78 (qd, ] =16.1, 7.2 Hz, 2H). *C NMR (151 MHz, CDCls) 6 162.4 (d, | =
244.2 Hz), 140.1 (d, ] = 3.1 Hz), 128.0 (d, ] = 8.0 Hz), 114.8 (d, ] = 21.2 Hz), 83.6, 83.2, 76.6, 28.5,
24.9,24.8,24.8, 24.8, 9.5. IR (v/cm™): 3506 (s, br), 3080 (w), 2890 (m), 1510 (w), 1499 (m), 1340 (m),
1199 (w). HRMS (ESI*) calcd for C21H3OsB2FNa* 429.2396, found: [M+Na] 429.2391. [a]p®? = —
39.4 (c = 5.40, CH:Clz, [ =100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98.8:1.2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (JOANNCLNMVJ-VI-262 C FL_5.0)
Al
1750 =|
1500
125-:1—5
E g
1000 —| 0
7 g 2
750 3
- /\/\
250
o
T T T
¥ 37 40 425 45 47. 0 i
| ]
File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVI-262CFL 5.0 = [t ] 42088 | 412631 | 7518 | 08473 | 50668 | 0.6 |
File Path | C:\CHEM32\1\DATAJOANNOUY | | 2| 4348 | 401751 | 6533 | 0.9465 | 49332 | 0.591 |

Date | 18-Mar-16, 15:11:41
Sample [MVIVI-262 CFL_5
Sample Info | 4FPh-1-hydroxy-2,3-bisboronate ester racemic; 98.8: 1,2 iPrOHihe

Racemic Material
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[ VWD1 A, 10 nm (MURRAY IV-081A_3.0)

mal -
700
500*:
500%
400:
200
200'5
100';
o
3 375 40 425 4‘5 475 50 525 5 m
&
File Information # Time Area Height Width Area% Symmetry
LCFile [SAM-IV-081A_3.D - [[1 ] 42467 | 439458 | 7821 | 0.865 | 96.598 | 0.599 |
File Path | C:\CHEM32\1\DATA\MURRAY\ m 2 | #4003 | 15478 | 27.2 | 0873 | 3402 | o083 |

Date |02-Jul-16, 10:32:21

Sample [SAM-IV-081A_3
Sample Info | p-fluoro tandem product, 98.8: 1.2 hex:iPrOH; column IC; 0.3 mL/mi

Enantioenriched Material

Anti diastereomer: (1S5,2S) enantiomer: 42.5 min; (1R,2R) enantiomer: 44.9 min: 96:4 e.r.

OH
W 5
B. O
Br o o

2c

1-(4-bromophenyl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) propan-1-ol (20).
Following General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 68% yield (31.8
mg) and a 5.7:1 anti:syn diastereomeric ratio. 'TH NMR (400 MHz, CDCls) 6 7.47 — 7.40 (m, 2H),
7.26 — 7.22 (m, 2H), 4.68 (d, ] = 7.3 Hz, 1H), 3.22 (s, 1H), 1.63 — 1.56 (m, 1H), 1.25 (s, 24H), 0.80
(ddd, J=14.9, 7.5, 5.7 Hz, 2H). *C NMR (151 MHz, CDCls) o 143.4, 131.1, 128.2, 120.8, 83.6, 83.2,
76.7,28.3, 24.9, 24.8, 24.8, 24.8, 9.6. IR (v/cm™): 3400 (s, br), 2988 (w), 2850 (m), 1599 (w), 1511
(m), 1329 (m). HRMS (ESI*) calcd for C21Hs305B2BrNa* 489.1595, found: [M+Na] 489.1593. [a]p®
= —19.3 (c = 6.05, CH2Cl, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm
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VWD A, Wavelength=210 nm (JOANNOLUMVIVI-185 C FLD)

mal |
1750*;
1500*;
1250%
1000 9 .@‘9 &7
750 se &
0] ~ <
0
24 20 2 0 a2 2 a0 i
E] I
File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVI-185 CFL.D = [[1] 20085 [ 21398 ] 568 | o264 [ 51893 [ 0801 |
File Path | C:\CHEM32\1\DATAVOANNOUY | 2| 3329 | 19714 | 4845 | 07102 | 48107 | 0781 |
Date |02-Jun-16, 00:14:05
Sample [MVI-VI-185 C FL
Sample Info | 1-4-BrPh-1-hydroxy-2,3-bisboronate rac; 98:2 hexanes:iProH; 0.3
Racemic Material
VWD1 A, Wavelength=210 nm (JOANNOUWMVJ-VIIHO3E C FL.O)
]
3500—2
3{700%
2500—2
zuou—i g
1500*2 &
1000—;
o0
o E Ll
24 20 $ a0 a2 as % i
[T ] -]
File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVII-038 CFLD = [A] 2872 [ s048 [ 141723 | 0.5728 95.236 0.581
File Path |C:\CHEM32\{\DATAVOANNOUY | 2] 3301z | 26382 | 610 | 08537 | 4764 | o082 |
Date |01-Jun-16, 03:00:19
Sample [MVI-VII-038 C FL
Sample Info | 1-4-BrPh-1-hydroxybisboronate; 98:2 hexanes:iPrOH; 0.3 mLjmin;
Enantioenriched Material
Anti diastereomer: (1S5,2S) enantiomer: 28.7 min; (1R,2R) enantiomer: 33.0 min: 95:5 e.r.
OH
/©/k/\5/o
H |
B (0]
MeO o o \/5
2d
1-(4-methoxyphenyl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-ol (2d).

Following General Procedure II, the crude reaction mixture was purified via silica gel column

chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain

visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 70% yield (29.3
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 6 7.31 - 7.26 (m, 2H),
6.88 — 6.84 (m, 2H), 4.66 (dd, ] =7.9, 2.7 Hz, 1H), 3.80 (s, 3H), 3.04 (d, ] = 4.3 Hz, 1H), 1.62 (ddd, |
=9.0, 7.9, 5.7 Hz, 1H), 1.26 (s, 12H), 1.23 (s, 12H), 0.81 - 0.70 (m, 2H). ¥C NMR (151 MHz,
CDCls) 0 158.7, 136.5, 127.6, 113.4, 83.5, 83.1, 76.9, 55.3, 28.4, 24.9, 24.9, 24.8, 24.8, 9.6. IR (v/cm™):
3489 (s, br), 2921 (m), 1567 (m), 1482 (w), 1289 (m). HRMS (ESI*) calced for CzHssOeB2Na*
441.2596, found: [M+Na] 441.2590. [a]p®?* = —27.8 (c = 5.56, CH2Cl2, [ = 100 mm).
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Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for
compound 2a.

Phenomenex Amylose-1 Column; 90:10 CO::iPrOH; 1.0 mL/min; 35 °C; 220 nm

1.504
1.00 = #)
=l ~ 8
0.504 =)
O'OGI""l""l""\'l'"'I""I'r"'l""l" {\I'
7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00
Minutes
Retention -
2 Area Height
|E} Time % Area
(min) (uV*sec) (V)
1 7.764 | 21323254 | 49.33 | 1527588
2 9.986 | 21899645 | 50.67 | 1213464
Racemic Material
0.40
[
@
o
2 0.20 - =]
@
@
-
e
ooc T "I T T IA T I T T T T T (l T T T T IA T
740 760 7.80 800 820 840 860 880 9.00 920 940 960 9380 10.00 10.20 10.40 10.60 10.80 11.00
Minutes
Retention A
3 Area Height
#| Time % Area
(min) (nV*sec) (nV)
1 7.884| 426176 6.18| 29830
2 10.097 | 6471047 | 93.82|381259

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 7.9 min; (15,25) enantiomer: 10.1 min: 94:6 e.r.

2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(3-tolyl)propan-1-ol ~ (2e). = Following

General Procedure II, the crude reaction mixture was purified via silica gel column
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chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 75% yield (30.2
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 6 7.22 - 7.18 (m, 3H),
7.16 —7.13 (m, 1H), 7.05 (dd, ] =7.9, 1.1 Hz, 1H), 4.68 (d, ] = 7.5 Hz, 1H), 3.09 (s, 1H), 2.34 (s, 3H),
1.67 - 1.61 (m, 1H), 1.25 (d, | = 5.3 Hz, 24H), 0.87 — 0.74 (m, 2H). *C NMR (151 MHz, CDCls) d
144.3, 137.5, 127.9, 127.8, 127.1, 123.6, 83.5, 83.1, 77.3, 28.4, 24.9, 24.9, 24.8, 24.8, 21.5, 9.7. IR
(v/em1): 3356 (s, br), 2879 (m), 1603 (m), 1594 (w), 1392 (m), 1303 (w). HRMS (ESI*) calcd for
C22H360sB2Na* 425.2647, found: [M+Na] 425.2642. [a]p?? = —30.2 (¢ = 5.73, CH2Clz, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (JOANNOUWWJ-VI-188 B FL.O)
mal |
1000
200
800 g g
] d 9
4007
i /\ /\
o]
r T T T T T T T T n
8 a8 40 42 44 48 435 50 52 min
K] I ]
File # Time Area Height Width  Area% Symmetry
LC-File [MV-VI-186 BFL.D = [+ ] 4245 | 219662 | 4166 | o0.8152 | 48.208 | 075 |
File Path | C:\CHEM32\1\DATAVJOANNOUY (= 2 [ #5337 | 235993 | 4097 | 0.8941 | 51792 | 0.722 |
Date | 16-Mar-16, 13:51:23
Sample |MVI-VI-186 BFL
Sample Info | 3-MePh-1-hydroxy-2,3-bisboronate; 98:2 hexanes:iPrOH; 0.3 mLjr
VWD A, Wavelength=210 nm (JOANNOLURMYI-VII033 A FL.O)
Ll |
3000 - |
2500
j -1
2000 g - IS
] g A
1500 g Y@b
1000 | a
E L8
EF
500 @ &
b
o
T T T T T !
35 40 45 50 55 min
[ I+]
File i # Time Area Height width __ Area% Symmetry
LCFile [MVIVIT-033 AFLD | [1 ] a3357 [ am16 | a5 | ose13 | 537 | 0883 |
File Path | C:\CHEM32\1\DATAUOANNOUY, =l [ 2 [ asese | 772463 | 12199 | 10554 | 94621 | 0.541 |
Date |01-Jun-16, 06:01:57
Sample [MVI-VII-035 AFL
Sample Info [ 1-3-MePh-1-hydroxybisboronate; 98:2 hexanes:PrOH; 0.3 mL/min;

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 43.4 min; (1S5,2S) enantiomer: 46.0 min: 95:5 e.r.
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((15,25)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(m-tolyl) propoxy)(tert-
butyl)dimethylsilane (S1). Following General Procedure III, the crude reaction mixture was
purified via silica gel chromatography (25:1 pentane:Et20, Seebach Stain visualization) to yield
the TBS-protected product in 77% yield (over two steps) in 3.6:1 d.r. (39.5 mg). Anti
diastereomer: 'H NMR (600 MHz, CDCls) o 7.14 — 7.07 (m, 4H), 4.74 (d, ] = 6.4 Hz, 1H), 2.29 (s,
3H), 1.57 (ddd, =112, 6.2, 4.8 Hz, 1H), 1.22 (s, 6H), 1.20 (s, 6H), 1.19 (s, 6H), 1.18 (s, 6H), 0.85 (s,
9H), 0.00 (s, 3H), -0.28 (s, 3H). ®*C NMR (151 MHz, CDCls) d 145.0, 136.7, 127.7, 127.3, 127.2,
124.1, 82.9, 82.8, 77.9, 26.0, 25.2, 25.0, 25.0, 24.7, 21.5, 18.2, -4.5, -4.7. Syn diastereomer: 'H NMR
(600 MHz, CDCls) 6.96 (m, 4H), 4.57 (d, ] = 8.6 Hz, 1H), 2.29 (s, 3H), 1.49 (ddd, ] = 12.4, 8.6, 3.6
Hz, 1H), 1.22 (s, 6H), 1.21 (s, 6H), 1.12 (s, 6H), 0.99 (s, 6H), 0.82 (s, 9H), -0.01 (s, 3H), -0.29 (s, 3H).
3C NMR (151 MHz, CDCls) d 145.4, 136.7, 127.8, 127.5, 127.4, 124.2, 82.8, 82.8, 77.9, 26.0, 24.9,
24.8,24.8,24.7,21.5,18.2, -4.4, -4.8. IR (v/cm™): 2977.55 (s), 2928.38 (m), 2856.06 (m), 1471.42 (s),
1371.14 (m), 1316.18 (m), 1144.55 (s). HRMS (ESI*): calcd for CasHs0B20sSiNa* 539.3511, found
[M+Na‘] 539.3499. [a]p??* = + 5.6 (c = 1.98, CH2Clz, [ = 100 mm).

2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(2-tolyl)propan-1-ol ~ (2f).  Following
General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 81% yield (32.6
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 0 7.48 (dd, ] =7.7, 1.4
Hz, 1H), 7.20 (td, | =7.4, 1.6 Hz, 1H), 7.16 — 7.08 (m, 2H), 4.91 (d, ] = 6.8 Hz, 1H), 3.21 (s, 1H), 2.37
(s, 3H), 1.67 (dt, ] = 8.7, 6.5 Hz, 1H), 1.26 (m, 12H), 1.25 (s, 12H), 0.92 — 0.81 (m, 2H). *C NMR
(151 MHz, CDCls) d 142.7, 135.3, 130.1, 126.8, 125.9, 125.6, 83.5, 83.1, 74.0, 24.9, 24.9, 24.8, 19.5,
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10.2. IR (v/em?): 3892 (s, br), 2899 (m), 2657 (m), 1455 (w), 1515 (w) 1301 (m). HRMS (ESI*) calcd
for C2HsOsB:Na* 425.2647, found: [M+Na] 425.2643. [alo2 = —39.2 (c = 6.19, CH2Cl, I = 100

mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for
compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (JOANNOUWMVJ-VI-182 A FL.D)
|
1750 |
1500
1250—5
HJOEI*E
750% @
3 2 o
= o o
o] g :
3 2
= /\
o 3
T T T T T T T —
20 EL] 40 45 50 55 &0 85 min
[ ]
File Information # Time Area Height Wwidth __Area% Symmetry
LCFile [MV1-VI-192 AFL.D = [t ] 382m [ 1m027 [ 3741 | 07352 | 48.412 | 0.769 |
File Path | C:\CHEM32\1\DATAVOANNOUY | 2] s3sos | w705 | 2759 | 1061 | 5.588 | 0.659 |

Date | 16-Mar-16, 17:52:05
Sample |MVIVI192 AFL
Sample Info | 2MePh-1 hydroxy -2, 3 bisborenate racemic; 98:2 hexanes:ProH; ¢

Racemic Material
VWD A, Wavelength=210 nm (JOANNOUWY.J-VII-038 B FL D)
E0E
2500 |
2000 |
1500 =
: g
1000 -
s00- 3
B 3
o
- T T T T T T 1
35 40 45 50 55 (-] min
[+] ]
File i # Time Area Height Width Area% Symmetry
LC-File [MVI-VII-033 B FL.D = [t ] 34 | 37088 | 74.5 [ 07643 | 405 | 0815 |
File Path | C:\CHEM32\1\DATAJOANNOUY (= 2] ssae1 | ems1 | 1072 | 12906 | 95841 | 0.368 |

Date |01-Jun-15, 07:02:46
Sample |[MVI-VII-039 B FL
Sample Info | 1-2-MePh-1-hydroxybisboronate; 98:2 hexanes:PrOH; 0.3 mLjmin;

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 39.4 min; (1S5,2S) enantiomer: 55.2 min: 96:4 e.r.

The peak at 42 min is the major enantiomer of the minor diastereomer, which was not present in

the racemic product. It fluoresces more intensely than the anti diastereomer.



Page 518

Br OH

2g

1-(2-bromophenyl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) propan-1-ol (2g).
Following General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 83% yield (38.8
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 0 7.58 (dd, ] =7.8, 1.7
Hz, 1H), 7.50 (dd, ] =8.0, 1.2 Hz, 1H), 7.33 - 7.29 (m, 1H), 7.09 (ddd, ] = 7.9, 7.3, 1.7 Hz, 1H), 5.03
(dd, J=6.5,3.2 Hz, 1H), 3.65 (d, ] = 4.8 Hz, 1H), 1.76 (dt, ] = 9.4, 5.4 Hz, 1H), 1.27 (d, ] = 3.9 Hz,
24), 1.05 (dd, ] = 15.9, 9.2 Hz, 1H), 0.90 (dd, | = 16.0, 5.0 Hz, 1H). ®C NMR (151 MHz, CDCls) o
143.6, 132.4, 128.4, 127.9, 127.2, 123.0, 83.5, 83.2, 76.6, 27.5, 25.0, 24.9, 24.9, 24.8, 10.7. IR (v/cm™):
3545 (s, br), 2923 (m), 1525 (m), 1359 (m), 1189 (w). HRMS (ESI*) calcd for C21HssOsB:BrNa*
489.1595, found: [M+Na] 489.1590. [a]p?? = —41.1 (c = 7.38, CH2Clz, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD A, Wavelength=210 nm (JOANNOLIMVI-VI-205 A FL.D)

4000
2000
2000

1000

§
AN

File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVI-205 AFL.D = [[1] 28427 | 26085 | 2427 | 0.5912 | 48.536 | 0.633 |
File Path | C:\CHEM32\1\DATAVOANNOUY 2| a34ss | o4343.3 | 14788 | 009653 | so.464 | 0.455 |
Date | 22-Mar-16, 13:30:12

Sample |MVI-VI-205 A FL
Sample Info | 2-BrPh-1-hydroxy-2, 3-bisboronate ester racemic; 98:2 hexanes:iPn

Racemic Material
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VWD A, Wavelength=210 nm (JOANNOLAMMV.-VII-039 G FL.O)

28845
7 e
N
&

File Information # Time Area Height Width __Area% Symmetry

LC-File [MVIVII-033 CFL.D [[1 ] 2884 [ 932 | 1603 | 0571 | 4494 | 0795 |
File Path | C:\CHEM32\1\DATAIOANNOUY | 2 [ 4446 | 1261622 | 18426 | 10378 | 95506 | 0.397 |
Date |01-Jun-16, 08:13:35

LI+

Sample |MVI-VII-033 C FL
Sample Info | 1-2-BrPh-1-hydroxybisboronate; 98:2 hexanes:iPrOH; 0.3 mL/min; |

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 28.8 min; (15,2S) enantiomer: 44.4 min: 96:4 e.r.

The peak at 36 min is the major enantiomer of the minor diastereomer, which was not present in

the racemic product. It fluoresces more intensely than the anti diastereomer.

OH
BocN ﬁ 0

2h

tert-butyl 3-(1-hydroxy-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-1H-indole-
1-carboxylate (2h). Following General Procedure II, the crude reaction mixture was purified via
silica gel column chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:EtO,
Seebach Stain visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 63%
yield (33.2 mg) and a 3:1 anti:syn diastereomeric ratio. Anti diastereomer: 'H NMR (600 MHz,
CDCls) 0 8.15 (s, 1H), 7.79 (dt, ] = 7.9, 1.0 Hz, 1H), 7.52 (s, 1H), 7.34 — 7.29 (m, 1H), 7.22 (ddd, | =
8.1,7.2,1.1 Hz, 1H), 4.99 (t, ] = 5.9 Hz, 1H), 3.20 (s, 1H), 1.90 (dt, ] = 8.3, 6.5 Hz, 1H), 1.66 (s, 9H),
1.27 (d, ] =3.6 Hz, 12H), 1.26 — 1.25 (m, 12H), 1.00 (dd, ] =16.2, 6.2 Hz, 1H), 0.91 (dd, ] = 16.2, 8.3
Hz, 1H). Syn diastereomer: "H NMR (600 MHz, CDCls) o 8.15 (s, 1H), 7.79 (dt, ] =7.9, 1.0 Hz,
1H), 7.52 (s, 1H), 7.34 - 7.29 (m, 1H), 7.22 (ddd, ] = 8.1, 7.2, 1.1 Hz, 1H), 5.18 (d, | = 6.5 Hz, 1H),
1.96 - 1.91 (m, 1H) 1.21 (s, 12H), 1.20 (s, 12H). ®*C NMR (151 MHz, CDCls) d 149.7, 129.1, 129.0,
124.2,124.1, 123.8, 122.7, 122.4, 120.5, 120.0, 115.1, 83.5, 83.4, 83.3, 83.2, 75.0, 71.2, 69.7, 28.2, 26.7,
25.0,24.9,24.9,24.9,24.8,24.8,24.7,24.7,10.0. IR (v/cm™): 3499 (s, br), 2998 (s), 2867 (w), 1732 (s),
1480 (s), 1354 (s), 1319 (m), 1267 (m). HRMS (ESI") caled for CasHisO7NB2Na* 550.3123, found:
[M+Na] 550.3118. [a]p?2 = —9.7 (c = 5.80, CH2Clz, [ = 100 mm).



Page 520

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for
compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (JOANNOURMVI-VI-182 B FL.O)
-
2000
3000
2000 | z -
- = 5
7| @ ©
H 2 o
] 8
. /\/\
a T T T T T T T T 1
40 45 50 56 &0 a5 70 75 in
[T 1>
File Information # Time Area Height Width Area% Symmetry
LC-File [MVI-VI-192BFL.D = [[1 ] sa114 [ 1111162 | 11921 | 13944 | 47.880 0.437
File Path | C:\CHEM32\1\DATAVJOANNOUY | | 2 [ 62337 | 1a0essa | 10522 | 17322 | 52120 | 0453 |
Date [21-Mar-16, 19:55:26
Sample |MVIVI-192BFL
Sample Info | 3-N-Boc-indole 1-hydroxy-2, 3-bisboronate ester racemic; 98:2 hexa
. . .
Racemic Material (anti)
VWD1 A, Wavelength=210 nm (JOANNOLNMY.-VI 040 A FL.D)
madl |
2000—;
1780
1500 3
E B
1250 —| 2
E 5
1000*;
750
: s
500 8 a0
E =g
250 Sl
LE
T T T T T T T T T —
45 475 50 525 55 57.5 80 825 65 €7.5 min
[T I o]
File Information # Time Area Height Width __ Area% Symmetry
LCFile [MVI-VII-040 A FL.D = [1 ] 57853 | 71176 | 93.5 [ 12689 | 6467 | 0811 |
File Path | C:\CHEM32\1\DATAVUOANNOU = [2 ] etoss | 1028464 |  1060.4 | 14347 | 93.533 | 0441 |
Date |01-Jun-16, 15:43:59
Sample |MVI-VII-040 A FL
Sample Info | 1-(N-Boc-3-indolyl)-1-hydroxybisboronate; 98:2 hexanes:iPrOH; 0.

Enantioenriched Material (anti)

Anti diastereomer: (1R,2R) enantiomer: 58.9 min; (15,2S) enantiomer: 61.1 min: 94:6 e.r.
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VWD A, Wavelength=210 nm (JOANNOLUMMVI-VI-192 B FL.D)
mall -|
120—5
100 -}
] & a
E a8
80 2 & o ébﬁ
a0 R 8
] 5, Yg‘
0
20|
0]
h T T T T T T T n
15 18 17 18 19 20 21 22 22 min
[T  —— 2
File # Time Area Height Width _ Area% Symmetry
LCFile [MVIVI-192 BFL.D = [+ ] s0z [ 1756 | 50.5 | o593 [ 48157 | ossa |
File Path | C:\CHEM32\1\DATAUOANNOUL 2| 1ess2 | 18331 | 39.5 | o083 | 51843 | 0803 |
Date |214Mar-16, 19:55:26
Sample [MVIVI-152 B FL
Sample Info | 3-W-Boc-indele 1-hydroxy-2, 3-bisboronate ester racemic; 98:2 hexa
VWD1 A, Wavelength=210 nm (JOANNOUNMVI-VIH040 A FL.O)
maLl |
1000*: E
800 S
800 -
400
200
0
T T T T T o
19 20 2 22 23 24 min
[ | — ]
File Information # Time Area Height Width _ Area% Symmetry
LC-File [MVI-VII-040 AFL.D = [1] 1s607 | 154 | 6.9 [ 05147 | 4235 | 1058 |
File Path | C:\CHEM32\1\DATAJOANNOUY, | | 2| 20877 | 353931 | 7528 | 0.7275 | 95.765 | 0.809 |
Date |01-Jun-16, 15:43:59
Sample [MVI-VII-040 AFL
Sample Info | 1-{(N-Boc-3-indolyl)-1-hydroxybisboronate; 98:2 hexanes:ProH; 0.

Enantioenriched Material (syn)

Syn diastereomer: Minor enantiomer:

OH
SR
AL

2i

19.8 min; Major enantiomer: 21.0 min: 96:4 e.r.

1-(furan-2-yl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-ol (2i). Following
General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 52% yield (19.7
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) d 7.35 (dd, ] = 1.8, 0.9
Hz, 1H), 6.30 (dd, ] = 3.2, 1.8 Hz, 1H), 6.23 (dt, ] =3.2, 0.8 Hz, 1H), 4.76 (t, ] = 6.0 Hz, 1H), 3.18 (d,
] =6.8 Hz, 1H), 1.81 (dt, ] =8.7, 6.1 Hz, 1H), 1.27 — 1.24 (m, 24H), 0.94 — 0.83 (m, 2H). ®*C NMR
(151 MHz, CDCls) d 156.8, 141.5, 109.9, 106.1, 83.5, 83.2, 71.1, 25.5, 24.9, 24.8, 24.7, 9.3. IR (v/cm™):
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3546 (s, br), 2984 (s), 2916 (m), 1458 (m), 1381 (s), 1312 (m), 1182 (s). HRMS (ESI") calcd for
CiH3206B2Na* 401.2283, found: [M+Na] 401.2279. [a]p?? = —16.7 (c = 6.04 CH2Clz, [ =100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm

VWD A, Wavelength=210 nm (JOANNOUNY.-VI-197C0001.0)
mad |
4{]0—_
300
E ~ ©
200 & e
| e 5
3 @
100 - ¥ 159
o .
T T T T T d
a5 70 75 80 85 in
[T Iz
File i # Time Area Height Width  Area% Symmetry
LCFile [MVIVI-197C0001.0 = [A] 74485 [ eesz1 | 1078 | 1525 | 43527 | 0.8
File Path | C:\CHEM32\1\DATAUOANNOUY (= [ 2] 7mom | wesss | 100 | 16765 | 50473 | o2 |
Date | 22-Mar-16, 00:08: 19
Sample [MV-VI-157 C FL
Sample Info | 2-furyl-1-hydroxy-2, 3-bisboronate ester racemic; 98:2 hexanes:iPr
. .
Racemic Material
VWD1 A, Wavelength=210 nm (JOANNOUNWVI-VILD40 B FL.O)
mAl |
2000
1500 sl
|
] e
1000
]| - Q#
oy 5 &
2‘,@?
o
T T T T T T !
80 (i3 7o 75 80 85 in
[T 1]
File Information # Time Area Height Width Area% Symmetry
LC-File [MVI-VII-040 BFL.D = [1] 78241 | 803 | 613 [ 12724 | 3.481 1.025
File Path | C:\CHEM32\1\DATAOANNOU\ | [ 2] 78772 | 1313611 | 10404 | 18161 | 96559 | 0.302 |
Date |01-Jun-16, 17:14:42
Sample [MVI-VII-040 B FL
Sample Info | 1-(2-furyl)-1-hydroxybisboronate; 98:2 hexanes:iPrOH; 0.3 mLjmin

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 76.2 min; (1S5,2S) enantiomer: 78.8 min: 97:3 e.r.

Me
Ii/t-Bu
0" "Me

-0
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tert-butyl((1S,25)-1-(furan-2-yl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)propoxy)dimethylsilane (S2). Following General Procedure III, the crude reaction mixture
was purified via silica gel chromatography (25:1 pentane:Et:0, Seebach Stain visualization) to
yield the TBS-protected product in 57% yield (over two steps) in 3.5:1 d.r. (28.2 mg). Anti
diastereomer: 'H NMR (600 MHz, CDCls) 8 7.26 (s, 1H), 6.24 (dd, ] =3.1, 1.8 Hz, 1H), 6.14 (d, | =
3.2 Hz, 1H), 4.85 (d, ] = 6.3 Hz, 1H), 1.71 - 1.66 (m, 1H), 1.22 (s, 6H), 1.21 (s, 6H), 1.20 (s, 12H),
0.86 (s, 9H), 0.01 (s, 3H), -0.13 (s, 3H). *C NMR (151 MHz, CDCls) d 157.2, 140.6, 109.8, 106.5,
83.0, 82.8, 71.7, 25.9, 25.0, 25.0, 24.8, 24.7, 18.2, -4.9, -5.0. Syn diastereomer: 'H NMR (600 MHz,
CDCls) 0 7.28 (d, ] =1.0 Hz, 1H), 6.24 (dd, ] =3.1, 1.8 Hz, 1H), 6.15 (d, ] =3.2 Hz, 1H), 4.67 (d, ] =
9.3 Hz, 1H), 1.73 - 1.65 (m, 1H), 1.22 (s, 6H), 1.22 (s, 6H), 1.12 (s, 6H), 1.09 (s, 6H), 0.82 (s, 9H),
0.01 (s, 3H), -0.18 (s, 3H). *C NMR (151 MHz, CDCls) o 157.7, 140.7, 109.8, 106.1, 82.9, 82.9, 70.6,
25.9,25.0,24.9,24.8,24.7,18.3, -4.9, -5.0. IR (v/cm™): 2978.52 (s), 2929.34 (m), 2857.02 (m), 1371.14
(m), 1256.4 (m), 1164.79 (m). HRMS (ESI*): calcd for CasHasB20sSiNa* 515.3148, found [M+Na‘]
515.3163. [a]p?? =+ 5.6 (c = 2.67, CH2Cl, [ = 100 mm).

Br OH

)@)\A ;
B. O
cl o/ \O

2j

1-(2-bromo-4-chlorophenyl)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-ol

(2j). Following General Procedure II, the crude reaction mixture was purified via silica gel
column chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et.O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 71% yield (35.5
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 0 7.57 — 7.49 (m, 2H),
7.31 -7.28 (m, 1H), 498 (dd, ] =5.7, 2.1 Hz, 1H), 3.81 (d, ] = 4.2 Hz, 1H), 1.71 (dt, ] = 8.9, 5.2 Hz,
1H), 1.28 - 1.25 (m, 24H), 1.10 - 0.98 (m, 1H), 0.91 (dd, ] = 15.9, 5.2 Hz, 1H). *C NMR (151 MHz,
CDCls) 6 142.3, 133.1, 131.8, 128.9, 127.4, 123.1, 83.6, 83.3, 76.2, 27.7, 24.9, 24.9, 24.9, 24.81, 11.0. IR
(v/em1): 3589 (s, br), 2834 (s), 2865 (w), 1564 (m), 1355 (s), 1314 (s), 1147 (s). HRMS (ESI*) calcd
for C21H520sB2BrCINa* 523.1205, found: [M+Na] 523.1203. [a]p?* = +10.1 (c = 5.80, CH2Cl, [ = 100

mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for
compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm
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VWD1 A, Wavelength=210 nm (JOANNOLAMV.-VI-205 B FL.D)
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File Information
Mv1-VI-205B FL.D
File Path | C:\CHEM32\1\DATAJOANNOUY
Date | 22-Mar-16, 16:00:38
Sample |My3-VI-205B FL
Sample Info | 2-Br-4-CIPh-1-hydroxy-2, 3-bisboronate ester racemic; 98:2 hexane

Racemic Material

LC-File

Time Area

Height Width _ Area% Symmetry

#
- [+ ] 19064 | 27852
[2]

10828 | 0.3882 | 50.261 | 0.868 |

19.939 | 272932

1038.7 | 04026 | 49.739 | 0.752 |

WWD1 A, Wavelength=210 nm (JOANNOLMMV V1040 C FL.D)
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File Information
MVI-VII-040 C FL.D
File Path | C:\CHEM32|1'DATAVUOANNOUY
Date [01-Jun-16, 18:45:35
Sample |MVIVII-040 CFL
Sample Info | 1-(2-Br-4-Cl)-1-hydroxybisboronate; 98:2 hexanes:iProH; 0.3 mL/m

Enantioenriched Material

LC-File

# Time Area

Height Width __ Area% Symmetry

1| 19784 | 74891

3328 | 0374 | 5422 | o862 |

2 | 20731 |  130288.4

E \

3466.6 | 0.6264 | 94578 | 0.681 |

Anti diastereomer: (1R,2R) enantiomer: 19.8 min; (15,2S) enantiomer: 20.7 min: 95:5 e.r.

Me Me OH

E-5,9-dimethyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)deca-4,8-dien-3-ol

(D).

Following General Procedure II, the crude reaction mixture was purified via silica gel column

chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain

visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 78% yield (33.9
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 6 5.19 (dq, ] = 8.9, 1.3
Hz, 1H), 5.13 - 5.08 (m, 1H), 4.38 (dd, | = 8.9, 7.3 Hz, 1H), 2.54 (s, 1H), 2.10 (td, | =8.7, 7.9, 4.7 Hz,
2H), 2.04 - 1.98 (m, 2H), 1.69 (dd, | =4.5, 1.4 Hz, 6H), 1.61 (d, | = 1.3 Hz, 3H), 1.27 (s, 12H), 1.25
(s, 12H), 0.91 (dd, ] =16.1, 5.5 Hz, 1H), 0.83 (dd, ] =16.0, 9.5 Hz, 1H). *C NMR (151 MHz, CDCls)
0 138.1, 131.5, 127.8, 124.2, 83.3, 83.0, 71.6, 39.7, 26.4, 25.7, 25.0, 24.9, 24.9, 24.8, 17.7, 16.8, 9.0. IR
(v/em™): 3600 (s), 2967 (m), 2897 (m), 2092 (m), 1567 (s), 1345 (m), 1274 (w), 1201 (m). HRMS
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(EST*) caled for C2:HuOsB2Na* 457.3273, found: [M+Na] 457.3268. [alo® = — 41.6 (c = 6.44, CH2CL,
1 =100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic

material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 190 nm

VIWD1 A, Wavelength=210 nm (JOANNOLNMV.LVI-247 A FL.D)

mal=
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File Information

LCFile

MyI-VI-247 A FL.D

File Path

CH\CHEM32\1\DATA\JOANNOUY

Date

25-Mar-16, 17:47:08

Sample

MVIVI-247 AFL

Sample Info | geraniyl-1-hydroxy-2, 3-bisboronate racemic; 98:2 hexanes:iProH; |

Racemic Material

# Time Area Height Width  Area% Symmetry
- [ 1] 34233 | 238573 | s530.8 | 0.6807 | 49.718 | 0705 |
2 | 3727 | 2318242 | 4927 | 0.7522 | 50.282 | 0689 |

VWD A, Wavelength=210 nm (JOANNOLMAY.-VII-I41 D FL.D)
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File Information

LCFile

MVIVIT-041 D FL.D

File Path

C:\CHEM32\1\DATAOANNOUY

Date

01-Jun-16, 14:58:09

Sample

MVIVIT-041D FL

Sample Info

1-{geraniyl)-1-hydroxybisboronate; 98:2 hexanes:iProH; 0.3 mLjmi

Enantioenriched Material

Anti diastereomer: (1R,2R) enantiomer: 34.3 min; (15,2S) enantiomer: 37.4 min: 93:7 e.r.

# Time Area Height Width  Area% Symmetry
1 | 34279 [ 43127 | 1118 | 0.643 | 7.165 | 0.533 |
2 | 37415 | ss877.3 | 1038 | 08378 | 92.835 | 0.552 |

The peak at 34.0 min is the major enantiomer of the minor diastereomer, which was not present

in the racemic product. It fluoresces more intensely than the anti diastereomer.
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S3

tert-butyl(((2S,3S,E)-5,9-dimethyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)deca-4,8-
dien-3-yl)oxy)dimethylsilane (S3). Following General Procedure III, the crude reaction mixture
was purified via silica gel chromatography (25:1 pentane:Et:0, Seebach Stain visualization) to
yield the TBS-protected product in 36% yield (over two steps) in >20:1 d.r. (19.7 mg). 'H NMR
(600 MHz, CDCls) 8 5.22 (dd, ] =9.2, 1.1 Hz, 1H), 5.10 (ddd, ] =7.0, 5.7, 1.3 Hz, 1H), 4.38 (dt, | =
10.3, 5.1 Hz, 1H), 2.08 (dd, ] = 14.9, 7.4 Hz, 2H), 1.99 — 1.94 (m, 2H), 1.67 (s, 3H), 1.61 (d, ] =1.1
Hz, 3H), 1.60 (s, 3H), 1.21 (s, 24H), 0.85 (s, 9H), 0.00 (s, 3H), -0.05 (s, 3H). *C NMR (151 MHz,
CDCls) 0 134.1, 131.3, 129.4, 124.5, 82.8, 82.7, 73.3, 39.7, 26.2, 26.0, 25.7, 25.1, 25.0, 24.9, 24.8, 18.2,
17.7, 16.8, -3.9, -4.5. IR (v/em™): 2927.41 (s), 2359.48 (m), 1716.34 (m), 1557.24 (m), 1455.99 (m).
HRMS (ESI*): caled for CaoHssB20sSiNa* 571.4137, found [M+Na*] 571.4163. [a]p?? =+ 5.0 (¢ =0.2,
CH:Cl, I = 100 mm).

OH
s
o/B\o @

2m

1-cyclohexyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-ol (2m). Following
General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 63% yield (24.8
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) d 3.33 (dd, ] = 6.3, 4.8
Hz, 1H), 1.92 (dt, ] =12.7, 1.9 Hz, 1H), 1.80 — 1.70 (m, 3H), 1.68 — 1.61 (m, 3H), 1.49 (d, ] =4.9 Hz,
6H), 1.28 (s, 6H), 1.27 (s, 6H), 1.25 (s, 6H), 1.14 — 0.96 (m, 4H), 0.96 — 0.93 (m, 2H). *C NMR (151
MHz, CDCls) d 83.5, 83.3, 79.8, 42.8, 30.0, 28.0, 26.6, 26.5, 26.3, 25.0, 24.9, 24.9, 24.8, 24.78. IR
(v/em1): 3501 (s, br), 2978 (m), 2967 (s), 1445 (m), 1379 (s), 1344 (m), 1273 (w), 1199 (w), 1161 (w).
HRMS (ESI*): calcd for C21H400sB2Na 417.2960, found [M+Na*] 417.2955. [a]p?? = — 18.5 (¢ = 5.82,
CH:Cl, I = 100 mm).
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Representative Example of tribenzoate:

OBz

7 OBz
OBz

S4

1-cyclohexylpropane-1,2,3-triyl tribenzoate (S4). Following the General
Oxidation/Benzoylation Procedure, the tribenzoate was purified via silica gel chromatography
(10:1 to 5:1 pentane:Et2O, KMnOs visualization) and isolated as a colorless oil in 90% yield (23.6
mg) in 12:1 d.r. 'TH NMR (400 MHz, CDCls) 6 8.24 — 7.95 (m, 5H), 7.74 — 7.37 (m, 10H), 5.88 (tq, |
=4.6, 2.1 Hz, 1H), 5.56 (t, ] = 6.0 Hz, 1H), 4.89 (dt, ] =12.2, 2.3 Hz, 1H), 4.60 (dd, ] =12.1, 7.4 Hz,
1H), 2.02 - 1.55 (m, 6H), 1.26 (dt, ] = 36.5, 8.4 Hz, 5H). *C NMR (151 MHz, CDCls) 5 166.4, 165.8,
165.7, 162.4, 134.6, 133.3, 133.2, 133.2, 130.6, 129.8, 129.8, 129.7, 128.9, 128.8, 128.6, 128.4, 128.4,
76.3,71.0, 62.9, 39.0, 29.4, 28.2, 26.1, 25.9, 25.7. IR (v/cm™): 3350 (m), 2895 (m), 2870 (m), 1650 (s),
1625 (s), 1546 (m), 1201 (m). HRMS (ESI*): caled for CsoHsOsNa* 509.1940, found [M+ Na‘]
509.1935. [a]p?? = - 95.2 (c = 2.86, CH2Cl, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 1.0 mL/min; 210 nm

VWO1 A, Wavelength=210 nm (JOANNOLAMVIVILD4Z FL_2.0)
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8 8 10 1" 12 12 14 min

File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVII-042FL 2.0 - [[1] 12088 | 20856 | 14338 | 0.3193 | 49.725 | 0677 |
File Path | C:\CHEM32\1\DATAUOANNOUY 2] 13181 | 299836 | 1293.8 | 0.3551 | 50.275 | o0.651 |
Date | 25-May-16, 20:48:27
Sample [MVIVII-042 FL_2
Sample Info | Cy-1-propan-1,2,3-triol benzoate; 98:2 hexanes:iPrOH; 1.0 mL/min

Racemic Material
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[ VWD1 A, Wavelength=210 nm (GREENWCG-111-250.D)

13.248

T Iree— T T T T T T
12 12,5 13 135 14 145 15 155 m

File Infc i # Time Area Height Width Area% Symmetry
LC-File [JCG-I11-250.D 1| 13248 | 8877 | 38.2 [ 0388 [ 7871 | 0.84 |
File Path |C:\CHEM32\1\DATA\GREEN\ 2 | 14599 | 103904 | 4058 | 0.3957 | 92.125 | 0.745 |
Date [13-Jul-16, 15:19:52
Sample [JCG-II1-250
Sample Info | Cy-substituted tribenzoate from rxn 250, 98:2 Hex:iPrOH; Column T

Enantioenriched Material

L1

Anti diastereomer: (15,2R) enantiomer: 13.2 min; (1R,2S) enantiomer: 14.6 min: 92:8 e.r.

Me OH

5-methyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) hexan-3-ol (2n). Following
General Procedure II, the crude reaction mixture was purified via silica gel column
chromatography (NaOAc deactivated silica gel, 5:1 to 2:1 pentane:Et:O, Seebach Stain
visualization) to yield the 1-hydroxy-2,3-bisboronate ester as a colorless oil in 48% yield (17.7
mg) and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) & 3.70 (ddd, ] = 8.9,
4.8, 3.8 Hz, 1H), 1.82 (dqd, ] =9.0, 6.7, 5.0 Hz, 1H), 1.42 (ddd, ] = 14.1, 9.3, 5.0 Hz, 1H), 1.37 - 1.29
(m, 1H), 1.26 (s, 12H), 1.25 (s, 12H), 0.96 — 0.94 (m, 2H), 0.91 (dd, ] = 10.7, 6.7 Hz, 6H). *C NMR
(151 MHz, CDCls) 0 83.3, 83.1, 73.2, 46.2, 24.9, 24.8, 24.8, 24.7, 23.7, 22.0. IR (v/cm™): 3605 (s, br),
3001 (m), 1515 (m), 1410 (s), 1279 (w), 1210 (w). HRMS (ESI*): calcd for CisHssOsB2Na* 391.2803,
found [M+Na'] 391.2798. [a]p?? = - 27.6 (c = 3.23, CH2Cl, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IC Column; 98:2 hexanes:iPrOH; 0.3 mL/min; 210 nm
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VWD1 A, 10 J-VI-054B_RAC.D)
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g i
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c
i T T T T T T T T
55 0 65 70 75 80 85 20 m
[ J
File Information # Time Area Height Width Area% v
LC-File |MV]-VII-0548_RAC.D = 1 61.365 11160.8 147.3 1.1758 30.215 0.791
File Path | C:\CHEM32\1\DATA\GREEN\ 1 2 65.739 7337.2 92.7 1.2279 19.863 0.836
Date | 16-Jul-16, 10:30:34 3 69.057 11139.4 131.8 1.3091 30.157 0.804
Sample [MV]-VII-0548_RAC.D 4 73.887 7300.9 817 1.4899 19.765 0.855
Sample Info | rac-Isovaler- 98:2 Hex:iPrOH; Column IC; 0.3 mL/min; ©
. . .
Racemic Material (anti + syn)
[ VWD1 A, Wavelength=210 nm (GREENUCG-1I-249(4).D)
mal | [
100 =
2
80|
0

65.136

° 8
i 1
2!
60669
73348

57.5 625 e5 67.5 70 725 75 m
|
File Information # Time Area Height Width Area% Symmetry

LC-File |JCG-III-243(4).D = 1 60.669 2465.3 326 1.162 15.995 0.855
File Path |C:\CHEM32\1\DATA\GREEN\ | 2 65.136 3297.5 42.7 1.2064 21.394 0.891
Date | 16-Jul-16, 13:12:55 3 68.402 8950 105.8 1.313 58.068 0.788

Sample |JCG-III-243(4).D 4 73.348 700.2 8 1.2532 4.543 0.9

Sample Info | Isovaler-tribenzoate, 98:2 Hex:iPrOH; Column IC; 0.3 mL/min; 2101

Enantioenriched Material (anti + syn)

Anti diastereomer: (2R,3S) enantiomer: 60.7 min; (25,3R) enantiomer: 68.4 min: 78:22 e.r.

Syn diastereomer: Major enantiomer: 65.1 min; Minor enantiomer: 73.3 min: 82:18 e.r.

OH

Ph/\)\/\B/O

O_—-

20

5-phenyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentan-3-ol (20). Following
General Procedure II, the desired 1-hydroxy-2,3-bisboronate ester was produced in 70% NMR
yield. Purification of compound 20 (deactivated silica gel, 5:1 pentane:Et20) gave an inseparable

mixture of product and ligand. Simple silyl-protection of the crude reaction mixture allowed for
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isolation of clean product (vide infra). Anti diastereomer: 'H NMR (600 MHz, CDCls) d 7.32 —
7.14 (m, 5H), 3.65 (dt, ] = 8.8, 4.5 Hz, 1H), 2.86 (ddd, ] = 13.6, 9.6, 5.5 Hz, 1H), 2.71 — 2.64 (m, 1H),
1.81 (dtd, ] =9.8, 8.3, 7.7, 4.7 Hz, 2H), 1.42 - 1.36 (m, 1H), 1.26 (d, ] = 0.7 Hz, 12H), 1.24 (d, | = 2.1
Hz, 14H), 0.95 (dd, ] = 7.1, 3.6 Hz, 2H). Syn diastereomer: 'H NMR (600 MHz, CDCls) & 7.32 —
7.14 (m, 5H), 3.71 (t, ] = 6.5 Hz, 1H), 3.02 - 2.90 (m, 1H), 2.79 — 2.72 (m, 1H), 1.97 - 1.87 (m, 2H),
1.41 -1.36 (m, 1H), 1.28 (s, 24H), 1.03 (dd, ] =18.9, 7.5 Hz, 1H), 0.88 — 0.83 (m, 1H). *C NMR (151
MHz, CDCls) 0 142.7, 128.5, 128.5, 128.44, 128.4, 128.3, 125.5, 83.5, 83.4, 83.1, 75.1, 74.7, 38.5, 32.5,
30.3, 29.7, 25.0, 24.9, 24.8, 24.8, 24.8, 24.8, 24.7, 24.7. HRMS (ESI'): calcd for CzsHssOsB:Na*
439.2803, found [M+Na'] 439.2802. [a]p?? = -15.6 (¢ =5.66, CH2Cl, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 2a.

Diacel CHIRALPAK IA Column; 98:2 hexanes:iPrOH; 1.0 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (JOANNOLNMYIVI-2Z98 FL_3.0)
madl |
800
800
] o
200 2 ]
i o =
1 = o
2007
o
T
7 k] 9 10 1" 12 13 i
[T o]
File Information # Time Area Height Width  Area% Symmetry
LC-File [MVI-VI-2296 FL_3.0 = [+ ] wwoss | 36815 | 2646 | 0.2133 | 50.744 | o088 |
File Path | C:\CHEM32\1\DATAVJOANNOUY, (=l [2 ] 12415 | 35735 | 2131 | 0.2596 | 49.255 | 0.953 |
Date |02-Jun-16, 19:10: 14
Sample |MVI-VI-2298 FL_3
Sample Info | dihydrodinnamyl rac; 98:2 hexanes:iProH; 1.0 mLjmin; TA Column, £
Racemic Material (anti)
VWD A, Wavelength=210 nm (JOANNOLUMMVYI-VIIH048 C FL.O)
mALl -]
1000 - |
800 &
H 2 »ﬁe
600 | o
] o _Yt
400 | &
] PR
E 5ooa
zoe—; =V
0
T
7 g 9 10 1" 1z i
[T I 2]
File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVII-048 CFL.D = [1] oz [ sws | 423 [ o318 [ 10123 0.821
File Path | C:\CHEM32\1\DATAJOANNOUY | | 2| 1228 | 71991 | 4314 | 02781 | 89877 | 0.905 |
Date [02-Jun-16, 19:56:01
Sample |MV-VII-048 C FL
Sample Info |dihydrocnnamyl; 98:2 hexanes:PrOH; 1.0 mLjmin; LA Column, 210

Enantioenriched Material (anti)

Anti diastereomer: (2R,3S) enantiomer: 10.1 min; (25,3R) enantiomer: 12.9 min: 90:10 e.r.
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VWD A, Wavelength=210 nm (JOANNOUWYJ-VI-2298 FL_3.0)
mal
175*;
150
125
100 2 &
3| 3 al
757 E & g 6@?
50 e 2
25 R
PE AN —_ .
- T T T T T T U T 1
15 17.5 20 225 25 275 20 25 in
L] I+]
File i # Time Area Height Width __ Area% Symmetry
LC-File [MVI-VI-2298 FL_3.D = [t ] 155/ | w28 | 39.2 [ 02888 | 50.583 | 105 |
File Path | C:\CHEM32\1\DATAVUOANNOUY = 2] a4 | 6865 | 20.1 | o.5685 | 49.417 | 0835 |
Date |02-Jun-16, 19:10:14
Sample [MVIVI-2298 FL_3
Sample Info | dinydrocnnamyl rac; 98:2 hexanes:iProH; 1.0 mLjmin; TA Column, ¢
. .
Racemic Material (syn)
VWD1 A, Wavelength=210 nm (JOANNOUNIVI-VILD48 C FL.O)
mal 7
175=
150 <
g D
126- - ,\?‘o"\
2 ~ w
100 S N
755 N " o
o 2
25 /\ 2l
Q i i N
T T
14 16 18 20 22 24 26 28 20 i
| I 3
File Information # Time Area Height Width Area% Symmetry
LCFile [MVIVII-048 CFL.D = [ 15571 | 1462 | 8.4 [ o308 [ 75737 1.012
File Path | C:\CHEM32\1\DATAJOANNOUY | 2| 17 | 32 | 14.3 | oaeas [ 24283 | 1182 |
Date |02-Jun-16, 19:56:01
Sample |My3-VII-048 CFL
Sample Info | dihydrodnnamyl; 98:2 hexanes:iPrOH; 1.0 mLjmin; 1A Column, 210

Enantioenriched Material (syn)

Syn diastereomer: Major enantiomer: 15.6 min; Minor enantiomer: 19.8 min: 76:24 e.r.
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tert-butyldimethyl(((2S,3R)-5-phenyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentan-3-yl)oxy)silane (S5). Following General Procedure I1I, the crude reaction mixture was
purified via silica gel chromatography (25:1 pentane:Et20, Seebach Stain visualization) to yield
the TBS-protected product in 52% yield (over two steps) in 2.7:1 d.r. (27.8 mg). Anti
diastereomer: 'H NMR (600 MHz, CDCls) o 7.28 — 7.24 (m, 2H), 7.20 - 7.17 (m, 3H), 3.80 — 3.75
(m, 1H), 2.77 (td, ] =12.7, 5.1 Hz, 1H), 2.64 — 2.58 (m, 1H), 1.89 - 1.82 (m, 1H), 1.83 - 1.76 (m, 1H),
1.52-1.43 (m, 1H), 1.23 (s, 12H), 1.21 (s, 6H), 1.19 (s, 6H), 1.04 — 0.93 (m, 1H), 0.92 (s, 9H), 0.78
(dd, J = 15.9, 11.4 Hz, 1H), 0.09 (s, 3H), 0.07 (s, 3H). *C NMR (151 MHz, CDCls) 6 143.6, 128.5,
128.2, 125.4, 82.9, 82.9, 74.7, 38.3, 33.1, 31.0, 26.1, 25.1, 25.0, 24.8, 24.8, 18.3, -4.1, -4.2. Syn
diastereomer: '"H NMR (600 MHz, CDCls) o 7.28 — 7.24 (m, 2H), 7.17 - 7.13 (m, 3H), 3.85 — 3.81



Page 532

(m, 1H), 2.68 (ddd, | = 13.6, 10.7, 5.5 Hz, 1H), 2.60 — 2.56 (m, 1H), 1.82 - 1.76 (m, 1H), 1.76 — 1.70
(m, 1H), 1.51-1.43 (m, 2H), 1.24 (s, 6H), 1.23 (s, 6H), 1.23 (s, 6H), 1.21 (s, 6H), 1.02 - 0.91 (m, 1H),
0.89 (s, 9H), 0.87-0.83 (m, 1H), 0.05 (s, 3H), 0.04 (s, 3H). *C NMR (151 MHz, CDCls) o 143.1,
128.4, 128.2, 125.4, 82.8, 82.7, 75.3, 38.0, 33.1, 26.0, 25.1, 25.0, 24.7, 24.6, 18.2, -4.3, -4.4. IR (v/cm™):
2977.55 (s), 2928.38 (m), 2856.06 (m), 1471.42 (s), 1371.14 (s), 1315.21 (m), 1144.55 (m). HRMS
(ESI'): caled for C2oHs2B205S5iNa* 553.3668, found [M+Na*] 553.3685. [a]p?2 = + 2.0 (¢ = 1.0, CH2Cl,
[=100 mm).

B General Procedure (IV) for the Synthesis of Intramolecular Alkenylboron Substrates

O O
O,
/\5‘5 Grubb's 1st gen. (5 mol%)
H + o H O
DCM, reflux, 14 h B,
= AN ~G

Metathesis reactions for the 5 intramolecular substrates were performed based on a reported

procedure.” To an oven-dried flask equipped with a magnetic stir bar was added Grubb’s 1+
generation catalyst (5 mol%). A reflux condenser was attached, and the system was evacuated
and backfilled with N2. The catalyst was dissolved in 15 mL dry dichloromethane (DCM). A
solution of olefin in 15 mL dry DCM was added, followed by vinyl boronic acid pinacol ester.
The condenser was washed with dry DCM, and the reaction heated at reflux for 40 hours. The

reaction was cooled to room temperature and concentrated by rotary evaporation.

O
~-B~g

3a

(E)-2-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)benzaldehyde (3a). Following
General Procedure IV using 2-allylbenzaldeyde (949 mg, 6.49 mmol) and vinyl boronic acid
pinacol ester (1.10 mL, 6.49 mmol), the crude reaction mixture was purified via silica gel
chromatography (85:15 hexanes:Et2O, KMnO: visualization) to yield the desired alkenylboron
product in 49% yield (860 mg). '"H NMR (600 MHz, CDCls) d 10.20 (s, 1H), 7.84 (dd, J=7.7, 1.2
Hz, 1H), 7.51 (ddd, ] = 15.0, 7.6, 1.5 Hz, 1H), 7.38 (t, ] = 7.5 Hz, 1H), 7.25 (d, ] = 7.6 Hz, 1H), 6.80
(dt, ] =17.9, 5.8 Hz, 1H), 5.35 - 5.28 (m, 1H), 3.91 (dd, ] = 5.8, 1.6 Hz, 2H), 1.23 (s, 12H). *C NMR
(151 MHz, CDCls) 6 192.2, 151.6, 141.3, 134.0, 133.9, 131.6, 131.4, 127.1, 83.2, 38.4, 24.8. IR (v/cm-
1): 2978.52 (s), 2930.31 (m), 2359.48 (m), 1697.05 (s), 1635.34 (m), 1599.66 (s), 1361.50 (m), 1324.86
(m). HRMS (ESI¥): calcd for CisH2103BNa* 295.1481, found [M+Na*] 295.1477.
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(E)-1-(2-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl) phenyl)ethan-1-one (3b).
Following General Procedure IV using 2’-allylacetophenone (467 mg, 2.914 mmol) and vinyl
boronic acid pinacol ester (519 pL, 3.06 mmol), the crude reaction mixture was dissolved in
dimethylsulfoxide (517 pL, 7.285 mmol, 50 equiv relative to Grubb’s catalyst) and 2.5 mL DCM
and stirred 18 h at room temperature to help complex ruthenium impurities. The DCM was
removed by rotary evaporation, and the DMSO removed by extraction with water and diethyl
ether. The aqueous layer was extracted 3xEt20, and the combined organic layers were dried
over MgSOu. The solvent was removed by rotary evaporation and the dark residue subjected to
silica gel flash chromatography (90:10 hexanes:Et2O, KMnOx visualization) to yield the desired
alkenylboron product in 35% yield (293 mg). 'H NMR (600 MHz, CDCls) d 7.65 (d, ] = 7.7 Hz,
1H), 7.40 (t, ] =7.6 Hz, 1H), 7.28 (t, ] = 7.6 Hz, 1H), 7.24 (d, ] = 7.7 Hz, 1H), 6.77 (dt, ] = 17.9, 6.0
Hz, 1H), 5.33 (d, ] = 17.9 Hz, 1H), 3.77 (d, ] = 5.9 Hz, 2H), 2.56 (s, 3H), 1.23 (s, 12H). ¥C NMR
(151 MHz, CDCls) 6 201.9, 152.5, 138.8, 138.0, 131.8, 131.6, 129.2, 126.3, 83.1, 65.9, 39.8, 29.8, 29.7,
24.8, 15.3. IR (v/cm): 2978.52 (s), 2929.34 (m), 2362.37 (m), 1716.34 (s), 1684.52 (m), 1635.34 (m),
1361.50 (m). HRMS (ESI*): calcd for CizH2303BNa* 309.1638, found [M+Na*] 309.1633.

0]

/Qiiwli/?&
E e B\O
S6

(E)-1-(4-fluoro-2-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)phenyl)ethan-1-one (S6).
Following General Procedure IV using 1-(2-allyl-4-fluorophenyl)ethan-1-one (325 mg, 1.824
mmol) and vinyl boronic acid pinacol ester (340 uL, 2.01 mmol), the crude reaction mixture was
dissolved in 324 uL DMSO and diluted with 2 mL DCM . This mixture was stirred for 2 days to
complex Ru compounds. The DCM was removed by rotary evaporation, and the DMSO was
removed by extraction (H20 and diethyl ether). The combined organic layers were dried with
MgSOs, filtered and concentrated by rotary evaporation. The solvent was removed by rotary
evaporation and the dark residue subjected to silica gel flash chromatography (90:10
hexanes:Et20 to 100% Et2O, KMnOs visualization) to yield 226 mg of a viscous oil. 'H NMR
determined the oil to be a 9:1 ratio of (E)-1-(4-fluoro-2-(3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)allyl)phenyl)ethan-1-one to the homodimer of vinyl boronic acid pinacol
ester [(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethene].* 'H NMR (600 MHz,
CDCls) ©7.71 (dd, ] = 8.4, 5.9 Hz, 1H), 6.99 — 6.92 (m, 2H), 6.73 (dt, ] =17.9, 6.0 Hz, 1H), 5.35 (dd,
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J =179, 1.3 Hz, 1H), 3.79 (d, ] = 6.0 Hz, 2H), 2.55 (s, 3H), 1.24 (s, 12H). ¥C NMR (151 MHz,
CDCls) 0 200.0, 164.2 (d, ] = 253.4 Hz), 151.4, 143.0 (d, ] =8.2 Hz), 133.8 (d, ] = 3.0 Hz), 132.0(d, ] =
9.25 Hz), 118.6 (d, ] = 21.31 Hz), 113.1 (d, ] = 21.41 Hz), 83.2, 39.9, 29.6, 24.8. IR (v/cm™): 2978.52
(s), 2930.31 (m), 1685.48 (s), 1635.34 (m), 1606.41 (m), 1583.27 (m), 1369.50 (m). HRMS (ESI*):
calcd for CivH2OsBFNa* 327.1544, found [M+Na*] 327.1539.

o]

Me)l\/\/\B‘/o
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(E)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hex-5-en-2-one  (S§7). Following General
Procedure IV using 5-hexene-2-one (1.18 mL, 10.19 mmol) and vinyl boronic acid pinacol ester
(1.81 mL, 10.69 mmol), the crude reaction mixture was purified via silica gel chromatography
(90:10 hexanes:Et2O, KMnOs visualization) to yield the desired alkenylboron product in 44%
yield (1.0 g). 'H NMR (600 MHz, CDCls) 6 6.60 (dt, | =18.0, 6.1 Hz, 1H), 5.43 (d, ] = 18.0 Hz, 1H),
2.56 (t, ] =7.4 Hz, 2H), 2.42 (q, ] = 7.2 Hz, 2H), 2.15 (s, 3H), 1.25 (s, 12H). *C NMR (151 MHz,
CDCls) d 207.9, 152.1, 83.2, 41.9, 30.0, 29.4, 24.8. IR (v/cm): 2978.52 (s), 2930.31 (m), 2360.44 (m),
2341.16 (m), 1717.30 (s), 1639.20 (m), 1363.43, (m), 1322.93 (m). HRMS (ESI*): calcd for
Ci2H21BOsNar 247.1481, found [M+Na*] 247.1477.

)I\/E()\C/\/B\J%

S8

tert-butyl (E)-(2-oxopropyl)(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)carbamate
(588). Following General Procedure IV using tert-butyl allyl(2-oxopropyl)carbamate (421 mg, 2.0
mmol) and vinyl boronic acid pinacol ester (351 uL, 2.1 mmol) the crude reaction mixture was
purified via silica gel chromatography (10:1 to 5:1 hexanes:Et2O, KMnOs visualization) to yield
the desired alkenylboron product in 28% yield (201.2 mg). NOTE: Purified material contained
an inseparable amount of (E)-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethene (8%).5 "H
NMR (600 MHz, CDCls) o 6.48 (ddt, ] = 22.9, 18.0, 4.9 Hz, 1H), 5.49 (dd, ] = 17.8, 16.5 Hz, 1H),
4.01 (d, ] =4.7 Hz, 1H), 3.96 (s, 1H), 3.93 (d, | = 4.8 Hz, 1H), 3.84 (s, 1H), 2.10 (d, ] = 7.2 Hz, 3H),
1.45 - 1.40 (m, 9H), 1.27 (s, 6H), 1.26 (s, 6H). *C NMR (151 MHz, CDCls) d 204.5, 155.6, 155.0,
148.0, 83.4, 83.4, 80.5, 65.9, 56.5, 55.9, 51.8, 51.4, 30.3, 28.3, 28.2, 27.0, 26.8, 24.9, 24.8, 15.3. IR
(v/em1): 2978.52 (s), 2931.27 (m), 2360.44 (m), 2341.16 (m), 1736.58 (s), 1698.02 (s), 1643.05 (m),
1366.32 (m), 1331.61 (m), 1162.87 (m). HRMS (ESI*): calcd for Ci7H3BNOsNa* 362.2115, found
[M+Na*] 362.2108.
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2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2,3,4-tetrahydronaphthalen-1-ol (4). In an
No-filled glovebox, an 8-mL vial equipped with a magnetic stir bar was charged with CuOtBu
(1.4 mg, 0.010 mmol, 10 mol%) and (R)-Cl-OMe-biphep (7.8 mg, 0.012 mmol, 12 mol%),
followed by 400 uL toluene. The reaction was capped with a Teflon-lined septum cap and
allowed to stir at ambient temperature for 30 minutes, after which time a solution of Ba(pin)2
(27.9 mg, 0.11 mmol, 1.1 equiv) in 200 uL toluene was added. After stirring for 10 minutes, the
vial was sealed with electrical tape and removed from the glovebox. In a separate 8 mL vial, a
solution of 3a (32.6 mg, 0.12 mmol) in 240 pL toluene was prepared in the glovebox. This
solution was sealed with electrical tape and a Teflon-lined septum cap and removed from the
glovebox. Both vials were then cooled to 4 °C in a cryobath, and a 200 uL aliquot of the
substrate solution was added to the reaction vial. The reaction was allowed to stir at 4 °C for 48
hours. The reaction was quenched with 2 mL of saturated aqueous NH4Cl at 4 °C, and allowed
to stir vigorously at 22 °C for 30 minutes. The aqueous layer was extracted three times with
diethyl ether, and the combined organic extracts were dried over MgSQs, filtered, and
concentrated in wvacuo. The crude reaction mixture was purified via silica gel column
chromatography to yield 1-hydroxy-2,3-bisboronate 4 as a colorless oil in 49% yield (19.6 mg)
and a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) d 7.44 — 7.39 (m, 1H), 7.16
- 7.10 (m, 2H), 7.10 — 7.06 (m, 1H), 4.98 (d, ] = 6.0 Hz, 1H), 2.96 — 2.87 (m, 2H), 2.43 (s, 1H), 1.85
(td, ] =7.0,3.5Hz, 1H), 1.70 (dd, ] = 6.0, 3.4 Hz, 1H), 1.20 (s, 6H), 1.18 (s, 6H), 1.17 (s, 6H), 1.14 (s,
6H). ¥*C NMR (151 MHz, CDCls) 6 138.5, 137.6, 128.9, 128.8, 127.1, 125.7, 83.4, 83.2, 69.2, 30.1,
24.9,24.7,24.7, 24.7. IR (v/cm™): 3430.74 (br), 2977.55 (s), 2930.31 (m), 1643.05 (m), 1379.82 (m),
1313.29 (m), 1143.58 (m). HRMS (ESI*): calcd for CaHesOwBsNa* 823.5082, found [2M+Na‘]
823.5097. [a]p?? =+ 6.1 (c = 0.39, CH2Cl, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Relative stereochemistry was established via oxidation of 4 to the corresponding triol
(see Supplementary Procedure B) and comparison to literature spectra.” Absolute
stereochemistry was assigned by independent analysis of Cu-B(pin) insertion component

through copper-catalyzed enantioselective hydroboration.!
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CuOtBu (10 mol%)
(R)-BINAP (12 mol%)

©)
A ~.__0 Ba(pin), (1.1 equiv) H I?/O NaOH (6 equiv) R
©/\/\ B MeOH (10 equiv) N H,0; (20 equiv) - oH
0 dioxane, 22 °C, 18 h % 1:1 THF:H,0 OH

0°C—>22°C,4h

In an N-filled glovebox, an 8-mL vial equipped with a magnetic stir bar was charged with
CuOfBu (1.4 mg, 0.010 mmol) and (R)-BINAP (7.5 mg, 0.012 mmol), followed by 400 pL 1,4-
dioxane. The reaction was capped with a Teflon-lined septum cap and allowed to stir at
ambient temperature for 30 minutes, after which time a solution of B2(pin)2 (27.9 mg, 0.11 mmol)
in 200 uL dioxane was added. After stirring for 10 minutes, a solution of (E)-4,4,5,5-tetramethyl-
2-(3-phenylprop-1-en-1-yl)-1,3,2-dioxaborolane (24.4 mg, 0.10 mmol) in 200 uL dioxane was
added. The vial was sealed with electrical tape and removed from the glovebox. Dry, freshly-
sparged methanol (40.5 pL, 1.0 mmol) was then added by syringe. The reaction was allowed to
stir 18 hours at 22 °C. The reaction was quenched with 2 mL of saturated aqueous NH4Cl and
allowed to stir vigorously at 22 °C for 30 minutes. The aqueous layer was extracted three times
with diethyl ether, and the combined organic extracts were dried over MgSO;, filtered, and

concentrated in vacuo.

The oxidation was performed according to Supplementary Procedure B. Silica gel flash
chromatography (1:1 hexanes:EtOAc — 100% EtOAc; R=0.35 in 100% EtOAc) afforded 9.8 mg
(0.064 mmol, 64%) of (R)-3-phenylpropane-1,2-diol.

TH NMR (400 MHz, CDCls): d 7.33-7.29 (2H, m); 7.23-7.21 (3H, m); 3.94 (1H, m); 3.67 (1H, d);
3.50 (1H, m); 2.76 (2H, m); 2.42 (2H, m). "TH NMR in accordance with literature values.!?

HPLC Traces: 3-phenylpropane-1,2-diol

Diacel CHIRALPAK IC Column; 90:10 hexanes:iPrOH; 1.0 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (ZANGHI\MZ | PG 259 RAC TRACE 3 ABS STERO.D)
mAl =

@
o =

File Information # Time Area Height Width Area% Symmetry
LC-File [IMZ 1PG 259 RAC TRACE 3 ABS STERO.D - [+ ] 1381 | 110718 | 52.9 | 0318 50.025 0.588
File Path | C:\CHEM32\1\DATA\ZANGHI\ 2 | 11468 | 11609 | 4752 | 0.3506 | 49.975 | 0.6 |
Date [08-Mar-17, 16:58:03
Sample | JMZ I pg 259 rac trace 3 abs stero
Sample Info | abs stereochem rac trace 1; 90:10 Hex:iPrOH; 1.0 mL/min; IC Colun

Racemic Material
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VWD1 A, Wavelength=210 nm (ZANGHIUMZ | PG 263 B.0)

mAl |
250 -
200
150 -
100
: -
50 ]
3 cl
o]
T T T T T T T T
9.5 10 105 1" 1.5 12 125 12 m
I I
File i # Time Area Height Width Area% v
LCFile [IMZ1PG 263B.D A [1 ] 10367 ] 407 [ 17.4 [ 03364 [ 5487 | 0.55%
File Path | C:\CHEM32\1\DATA\ZANGHI\ | [ 2] 1434 | 70111 [ 2804 [ 0.3677 | 94513 | 0.561
Date |11-Mar-17, 12:29:49
Sample |MZ IPG 2638

Sample Info

enriched abs stero determ; 90: 10 Hex:iPrOH; 1.0 mL/min; IC Columi

Enantioenriched Material
Minor enantiomer: 10.4 min; Major enantiomer: 11.4 min: 94.5:5.5 e.r.

Literature value of [a]o?+ 33.2 (c = 1.00, EtOH), 97.5:2.5 e.r is assigned to the (R) enantiomer.!!
Found: [a]p® + 13.7 (c = 0.49, EtOH). Therefore, the C3 stereocenter was assigned the (R)
configuration.

HPLC
tetrahydronaphthalen-1-ol

Traces: 2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2,3,4-

Diacel CHIRALPAK IA Column; 99:1 hexanes:iPrOH; 1.0 mL/min; 210 nm

Racemic Material

[ VWD1 A, Wavelength=210 nm (ZANGHIUMZ | 077.D)
mAl - 3
£ I
500-] £l o
400
300
200
100
T T T T T T
9 10 1 12 12 14 m
[ I
File Inf # Time Area Height Width Area% Y
LCFile [IMZ1077.0 Al [[1] 1883 | 86834 | 5582 | 02395 | 50.111 | 0.843 |
File Path | C:\CHEM32\1\DATA\ZANGHI\ [ 2] 1273 | 86451 | 4761 | 0.2798 | 49.889 | 0.874 |
Date |30-Jun-16, 11:11:41
Sample |IMZ I 089 D reconcentrated
Sample Info |6 member model substrate; 98:2 hex:iPrOH; column IA; 1.0 mL/min;
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VWD1 A, Wavelength=210 nm (ZANGHIUMZ | PG 178.0)

8
=1
s
10630

File
LCFile [IMZ1PG 178.D - [
File Path | C:\CHEM32\1\DATA\ZANGHI\ |
Date |02-Nov-16, 18:25:52
Sample [IMZ1pa 178
Sample Info [model aldehyde data point 2; 99: 1 Hex:iPrOH; 1.0mL/min; IA columt

Enantioenriched Material

Time Area Height Width Area% y
[ 1063 [ 341973 [ 21264 | 0.2476 | 99.025 | 0.676 |
[ 12925 | 339 | 172 | 03002 | 0975 | 077 |

Anti-,Syn diastereomer: (15,2R,3R) enantiomer: 10.8 min; (1R,25,3S) enantiomer: 12.9 min: 99:1 e.r.

B General Procedure (V) for the Enantio- and Diastereoselective Intramolecular
Borylation/1,2-Addition to Ketones

CuOtBu (10 mol%)
Me, OH O

(R)-BINAP (11 mol%)
CH, O Ba(pin), (1.1 equiv) C@/
B¢ t-BuOH (1.0 equiv)

1,4-dioxane, 22 °C, 18 h

uj_

In an Ne-filled glovebox, an 8-mL vial equipped with a magnetic stir bar was charged with
CuOtBu (1.4 mg, 0.010 mmol, 10 mol%) and (R)-BINAP (7.5 mg, 0.012 mmol, 12 mol%),
followed by 400 uL 1,4-dioxane. The reaction was capped with a Teflon-lined septum cap and
allowed to stir at ambient temperature for 30 minutes, after which time a solution of Ba(pin)2
(27.9 mg, 0.11 mmol, 1.1 equiv) in 200 uL dioxane was added. After stirring for 10 minutes, a
solution of ketone substrate (0.10 mmol, 1.0 equiv) in 200 uL dioxane was added. The vial was
sealed with electrical tape and removed from the glovebox. Distilled tert-butyl alcohol (9.6 uL,
1.0 mmol, 1.0 equiv) was then added by syringe. The reaction was allowed to stir 18 hours at 22
°C. The reaction was quenched with 2 mL of saturated aqueous NHiCl and allowed to stir
vigorously at 22 °C for 30 minutes. The aqueous layer was extracted three times with diethyl
ether, and the combined organic extracts were dried over MgSQs, filtered, and concentrated in

vacuo.

B Supplementary Procedure B: NaOH/H:0: Oxidation of Hydroxy(bis)boronate Products
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Me OH? Me OH

B
C@/ o] NaOH (2 M), H;0, (30%) C@/OH
..',,B/O thf, O oC tO 22 oC1 4 h ":,,

OH

In an 8 mL vial, the crude bis-boronate was dissolved in 500 uL THF and cooled to 0 °C. A 0 °C
solution of 2M NaOH (300 pL, 0.6 mmol, 6 equiv) was added dropwise over 30 seconds.
Immediately after, a 0 °C solution of 30% (w/w) H202 (204 pL, 2.0 mmol, 20 equiv) was added
dropwise over 30 seconds. The reaction was allowed to stir open to the atmosphere for 1 hour at
0 °C after which point the reaction was allowed to stir for 4 hours at 22 °C. 500 pL of a saturated
aqueous solution of NH4Cl was added, followed by Na:50s, and solid NaCl. 2 mL EtOAc was
then added, and the aqueous layer was extracted three times with EtOAc. The combined

organic extracts were dried over MgSQsy, filtered, and concentrated in vacuo.

Me, OH

: i LOH
"OH

5

1-methyl-1,2,3,4-tetrahydronaphthalene-1,2,3-triol (5). Following General Procedure V and
Supplementary Procedure B, the crude reaction mixture was purified via silica gel column
chromatography to yield 1,2,3-triol 5 as a colorless oil in 95% yield over two steps (18.4 mg) and
a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) 6 7.52 (d, ] = 7.5 Hz, 1H), 7.20
(t, ]=7.1Hz 1H), 7.15 (t, ] = 7.1 Hz, 1H), 6.98 (d, ] = 7.2 Hz, 1H), 4.52 (s, 1H), 4.08 (s, 1H), 3.91
(dd, J=15.5, 8.3 Hz, 1H), 3.80 (d, ] =10.1 Hz, 1H), 3.67 (s, 1H), 3.12 (dd, ] =16.3, 5.5 Hz, 1H), 2.74
(dd, ] =15.8, 10.6 Hz, 1H), 1.34 (s, 3H). *C NMR (151 MHz, CDCls) d 141.8, 131.4, 128.4, 127.7,
126.8, 126.1, 80.0, 75.5, 68.4, 36.8, 25.7. IR (v/cm™): 3361.32 (br), 2926.45 (s), 2360.44 (m), 2342.12
(m), 1443.46 (m), 1369.21, (m), 1102.12 (m). HRMS (ESI*): calcd for C1:H14OsNa* 217.0841, found
[M+Na*] 217.0836. [a]p®* = —51.4 (c = 0.66, CH2Cl2, [ = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Relative stereochemistry was determined through selective 1D 'H NMR experiments.

nOe
Hg
Me, ‘OH CH
S 3
Nk = Ho —A'O/HHCeq 11 . £ lari
HO Hoa Aryl ring omitted for clarity.
“OH
H&_/d
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Ha and Hs assignments were made by gCOSY analysis (vide infra). The doublet of doublets at
2.74 ppm consists of 15.8 Hz and 10.6 Hz coupling constants, consistent with an anti
relationship with Hs. The doublet of doublet at 3.12 ppm has coupling constants of 16.5 Hz and
5.5 Hz, consistent with a gauche relationship with Hs. The coupling constants confirm the

assignments of which proton is axial and which is equatorial.

Absolute stereochemistry was inferred from the stereochemistry obtained for compound 4.

Diacel CHIRALPAK IC Column; 90:10 hexanes:iPrOH; 1.0 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (ZANGHIJMZ | PG 145 A MORE CONC.D)

mAU - 4
] @
250 = _
] 3
] 2
200 2
150
100-]
50-
0-t
2 T T T T T T T
18 20 22 24 2 28 20 a2m
[« ]
File Information # Time Area Height Width Area% Symmetry
LC-File [JMZ1PG 145 A MORE CONC.D A [1] 19373 | 99777 | 2818 | 0.5471 49.061 0.749
File Path | C:\CHEM32\1\DATA\ZANGHI\ = [ 2] 28761 | 103596 | 1879 | 08571 | 50939 | 0732 |
Date |24-Sep-16, 16:04:41
Sample |IMZ I pg 145 A more conc
Sample Info | rac triol acetophenone der; 90: 10 hex:IPA; IC column; 1,000 mL/mit
. .
Racemic Material
VWD1 A, Wavelength=210 nm (ZANGHIUMZ | PG 189 B.D)
mAU_ =
: e
1000~
800
600
400
: 2
200 &
- ~
b &
0| )
b T T T T T T T
16 13 20 22 24 2 28 20 m
[« I
File # Time Area Height Width Area% Symmetry
LC-File [IMZ1PG 199 B.D = [t ] 18577 | 466478 | 11948 | 0.6235 | 93.904 | 0.627 |
File Path | C:\CHEM32\1\DATAVZANGHI\ 2 | 27268 | 30283 | 54.5 | o827 | 6096 | 0759 |

Date | 23-Nov-16, 19:55:03
Sample |JMZ 1pg 199B
Sample Info | model ketone substrate Rbinap; 90: 10 Hex:iPrOH; 1.0 mL/min; IC c

Enantioenriched Material

Anti-, Anti diastereomer: (15,25,3R) enantiomer: 18.6 min; (1R,2R,3S) enantiomer: 27.3 min: 94:6 e.r.

Me, OH
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6-fluoro-1-methyl-1,2,3,4-tetrahydronaphthalene-1,2,3-triol (6). Following General Procedure V
and Supplementary Procedure B, the crude reaction mixture was purified via silica gel column
chromatography to yield 1,2,3-triol 6 as a colorless oil in 73% yield over two steps (16.2 mg) and
a >20:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDsCN) 6 7.53 (dd, ] =8.7, 6.0 Hz, 1H),
6.95 (td, ] =8.7, 2.5 Hz, 1H), 6.81 (dd, ] =9.9, 2.4 Hz, 1H), 3.84 (qd, ] = 9.3, 2.9 Hz, 1H), 3.60 — 3.56
(m, 1H), 3.55 (s, 1H), 3.41 (s, 1H), 3.40 (s, 1H), 3.15 (dd, ] =16.8, 6.2 Hz, 1H), 2.72 (dd, ] =16.8, 9.5
Hz, 1H), 1.29 (s, 3H). ®*C NMR (151 MHz, CDsCN) 6 161.7 (d, ] = 242.8 Hz), 139.2 (d, ] = 2.8 Hz),
134.8 (d, ] = 7.8 Hz), 128.6 (d, ] = 8.5 Hz), 114.0 (d, ] = 21.0 Hz), 113.3 (d, ] = 21.5 Hz), 79.0, 73.9,
67.9, 36.4, 36.4, 25.4. IR (v/cm™): 3358.43 (br), 2981.41 (m), 2933.20 (m), 1615.09 (m), 1497.45 (m),
1240.97 (m). HRMS (ESI"): calcd for CuiH130sFNa* 235.0746, found [M+Na*] 235.0742. [a]p? = —
65.8 (c =0.38, CH2Clz, I =100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Relative stereochemistry was inferred from the stereochemistry obtained for
compound 5. Absolute stereochemistry was inferred from the stereochemistry obtained for

compound 4.

Diacel CHIRALPAK IC Colummn; 90:10 hexanes:iPrOH; 1.0 mL/min; 210 nm

[ VWD1 A, Wavelength=210 nm (ZANGHI\UMZ | PG 215 OXIDIZED RAC TRACE3.D)

2
12.301

16.399

File Information # Time Area Height Width Area% Symmetry
LCFile [JMZ I PG 215 OXIDIZED RAC TRACE3.D [1 ] 12301 [ 31809 | 1287 | 0.3793 | 50.332 | 0.687 |
File Path | C:\CHEM32\1\DATA\ZANGHI\ | 2| 16399 | 31389 | 94.1 | 05223 | 40668 | 0.718 |
Date |03-Jan-17, 11:54:25
Sample |IMZ I pg 215 oxidized rac trace3
Sample Info [F-aryl fused 6 ketone substrate rac trace 90: 10 Hex:iPrOH; 1.0 mL/

Racemic Material

>
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[ VWD1 A, Wavelength=210 nm (ZANGHIUMZ 221 A TRIOL.D)

800
700
800-
500
400
300
200

16.492

100

File Information # Time Area Height Width Area% Symmetry
LCFile [IMZ 221 ATRIOL.D 1 | 12246 | 215354 | 8747 | 0.3852 | 95.330 0.662
File Path | C:\CHEM32\1\DATAVZANGHI\ 2 | 16492 | 10549 | 32.4 | 05023 [ a6m | 0752 |
Date | 16-Jan-17, 16:18:33
Sample |IMZ 221 A TRIOL
Sample Info |F 6 6 fused ketone substrate 90: 10 Hex:iPrOH; 1.0 mL/min; IC Colu

Enantioenriched Material

= [
=] [

Anti-, Anti diastereomer: (15,25,3R) enantiomer: 12.2 min; (1R,2R,35) enantiomer: 16.5 min: 95:5 e.r.

o

/O
HQ P 5
Mem=
T
0]
7

1-methyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)cyclopentan-1-ol (7). Following

General Procedure V, the crude reaction mixture was purified via silica gel column
chromatography to yield 1-hydroxy-2,3-bisboronate 7 as a colorless oil in 59% yield (20.6 mg)
and a 5:1 anti:syn diastereomeric ratio. 'H NMR (600 MHz, CDCls) ¢ 1.83 - 1.75 (m, 1H), 1.74 -
1.67 (m, 3H), 1.47 — 1.38 (m, 2H), 1.28 (s, 3H), 1.22 (s, 6H), 1.21 (s, 12H), 1.20 (s, 6H). *C NMR
(151 MHz, CDCls) d 83.1, 83.1, 82.2, 42.4, 26.1, 25.4, 25.0, 24.7, 24.7. IR (v/cm™): 3463.53 (br),
2977.55 (s), 2932.33 (m), 2870.52 (m), 1371.44 (m), 1314.25 (s), 1142.62 (m). HRMS (ESI*): calcd for
CasHesO0BaNa* 727.5082, found [2M+Na*] 727.5073. [a]p?2 = —4.1 (c = 0.71, CH2Clz, [ = 100 mm).

Enantiomeric excess was determined through silylation of the hydroxyl(bis)boronate product
with benzylchlorodimethylsilane (vide infra), followed by oxidation to provide the mono-
protected triol. This compound was analyzed by SFC and compared to the authentic racemic
material. Relative stereochemistry was established through oxidation of the crude
hydroxy(bis)boronate to the corresponding triol (see Supplementary Procedure B) and

comparison to known literature spectra.'?

Phenomenex Cellulose-1 Column; 98:2 CO2:iPrOH; 2.0 mL/min; 22 °C; 210 nm
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0.304
0.204 p =
2 - 8
(] )
o /\ /?\
000 T T T T ,\ T P T & T T T T T
1.50 2.00 2.50 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00
Minutes
Retention :
Area Height
H| Time % Area
(min) (pV*sec) (V)
1 3.404 | 1323603 | 50.45|94470
2 4324 | 1300162 | 49.55|70940
Racemic Material
0.404 o]
o
0.304 %
2 0.204 o~
7o)
0.104 =t
0.00 - e e =
S . T ¢
1.50 2.00 250 3.00 3.50 400 450 5.00 5.50 6.00
Minutes
Retention .
Area Height
1d| Time % Area
(mio) (nV*sec) mv)
1 3.429| 3943044 | 88.03 225772
2 4552| 537000 11.97| 25680

Enantioenriched Material

Anti-, Anti diastereomer: (15,25,3R) enantiomer: 3.5 min; (1R,2R,3S) enantiomer: 4.6 min: 88:12 e.r.

tert-butyl-3-hydroxy-3-methyl-4,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)piperidine-

1-carboxylate (8). Following General Procedure V, the crude reaction mixture was purified via
silica gel column chromatography to yield 1-hydroxy-2,3-bisboronate 8 as a colorless oil in 58%
yield (27.1 mg) and a >20:1 anti:syn diastereomeric ratio. At room temperature, the product
exists as a 1.3:1 mixture of chair conformations, which were resolved through variable

temperature '"H NMR experiments (vide infra). Peaks corresponding to the minor conformation
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are starred. 'TH NMR (600 MHz, CDCls) 6 4.01 (dd, ] = 62.8, 18.1 Hz, 2H), *3.86 (s, | =9.7 Hz, 2H),
*3.37 (d, ] =8.0 Hz, 2H), 3.32 (dd, ] = 14.2, 9.3 Hz, 1H), 3.24 (dd, ] = 14.1, 6.7 Hz, 1H), 2.10 (s, 3H),
*2.09 (s, 3H), 1.45 (s, 9H), *1.38 (s, 9H), 1.22 (s, 24H), *1.22 (s, 12H), *1.21 (s, 12H), 0.90 — 0.75 (m,
2H). BC NMR (151 MHz, CDCls) d 205.6, 205.2, 156.3, 155.3, 83.2, 83.14, 83.0, 83.0, 80.0, 79.8, 65.9,
57.2, 56.8, 51.3, 50.9, 28.4, 28.3, 27.0, 26.7, 24.9, 24.9, 24.8, 15.3. IR (v/cm™): 3552.24 (br), 2977.55
(m), 2930.31 (m), 2360.44 (m), 2342.12 (m), 1736.58 (s), 1697.05 (m), 1369.21 (m), 1146.47 (m).
HRMS (ESI*): calcd for C2sHs0O7Ba2NNa+* 490.3123, found [M+Na*] 490.3118. [a]p? = —3.7 (c =
0.73, CH2Clz, I = 100 mm).

Enantiomeric excess was determined by HPLC analysis compared to the authentic racemic
material. Relative stereochemistry was inferred from the stereochemistry obtained for

compound 7. Absolute stereochemistry was inferred from the stereochemistry obtained for
compound 4.

Diacel CHIRALPAK IA Column; 98:2 hexanes:iPrOH; 1.0 mL/min; 210 nm

VWD1 A, Wavelength=210 nm (GREENWUCG-IV-075A_RAC(II).D)

6893

2
E @
10
&
0-
T ey T T T T T T T —s
65 875 7 7.25 75 7.75 8 825 85 m
[ ]
File ion # Time Area Height Width Area% Symmetry
LC-File [JCG-IV-075A_RAC(IIL).D| A [1] 6893 [ 1343 | 12.7 [ o0.1611 [ 49.004 [ 0.776
File Path | C:\CHEM32\1\DATA\GREEN\ | L2 814 | 1398 | 10.3 | 02089 [ s0.9%6 | 0.877 |
Date |21-Jan-17, 10:28:36
Sample | 1CG-IV-075A_RAC(IIT)
Sample Info | rac-N-Boc piperidine substrate (rac-BINAP); 98:2 Hex:iPrOH; 1.00
Racemic Material
[ VWD1 A, Wavelength=210 nm (GREENUCG-IV-0828_F22-36.0)
mAU— =
: 3
140 ™~
120 |
100
80—
60|
40
: o
20| IS
: °
0-
T T T r T
85 7 75 8 85 m
K] |
File Information # Time Area Height Width Area% Symmetry
LCFile [CG-1V-0828_F22-36.0 - [1 ] &7 ] 63.9 [ 5.9 [ 0.1632 3.016 0.724
File Path | C:\CHEM32\1\DATA\GREEN\ | L2 [ 793t | 20532 [ 15%.4 | 0.2011 | 96.984 | 0.698 |

Date | 30-Jan-17, 16:02:04
Sample |JCG-Iv-082B_F22-36
Sample Info |N-Boc intra sub (R-BINAP); 98:2 Hex:iPrOH; 1.0 mL/min; Column IA;

Enantioenriched Material

Anti-, Anti diastereomer: (3S,4R,5R) enantiomer: 6.8 min; (3R,4S5,55) enantiomer: 8.1 min: 97:3 e.r.
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E-5,9-dimethyldeca-4,8-diene-1,2,3-triol (9). A vial containing 20 (17.3 mg, 0.0398 mmol) was
charged with thf (159 uL) and allowed to cool to 0 °C (ice/water bath). The reaction was charged
with 3M NaOH (80 uL, 0.24 mmol) and then 30% H:0: (80 pL, 0.80 mmol) dropwise. The
reaction was allowed to slowly warm up to ambient temperature over 2 hours, followed by 4
hours of additional stirring at that temperature. The reaction was allowed to cool to 0 °C and
quenched by dropwise addition of 1M Na25:0s. The reaction was diluted with water and then
extracted 6X with EtOAc. The combined organic extracts were dried over Na:2SO, filtered, and
then dried in vacuo. The crude reaction mixture was purified via silica gel chromatography (1:1
EtOAc:hexanes to pure EtOAc) to yield the triol in 93% yield (7.9 mg) as a colorless oil. 'H NMR
(600 MHz, CDCls) 8 5.22 (dq, ] =9.0, 1.3 Hz, 1H), 5.08 (tq, ] =5.5, 1.4 Hz, 1H), 4.42 — 4.36 (m, 1H),
3.76 — 3.68 (m, 1H), 3.60 — 3.53 (m, 2H), 3.13 (s, 1H), 2.33 (s, 2H), 2.12 (q, ] = 7.4 Hz, 2H), 2.09 -
2.03 (m, 2H), 1.73 (d, ] = 1.4 Hz, 3H), 1.70 (d, ] = 1.4 Hz, 3H),, 1.62 (d, ] = 1.3 Hz, 3H). *C NMR
(151 MHz, CDCls) d 142.1, 132.0, 123.7, 123.1, 75.0, 69.5, 65.9, 39.7, 26.3, 25.7, 24.9, 17.7, 16.9. IR
(v/em1): 3745 (s), 2968 (m), 2888 (m), 1314 (w), 1225 (m). HRMS (ESI*): calcd for Ci2H220sNa
237.1467, found: [M+Na‘] 237.1462. [a]p? = —92.1 (c = 3.95, CH2Cl, [ = 100 mm).

tert-butyldimethyl((-5-methyl-1-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) hex-4-

en-1-yl)oxy)silane (12). Following a modified literature procedure’®, 10 (20.0 mg, 0.0398 mmol)
was charged with a thf solution (362 pL) of Pd(OAc)2 (0.4 mg, 0.00199 mmol) and RuPhos (0.9
mg, 0.00119 mmol) that was allowed to stir at ambient temperature for 10 minutes under N.
This was followed by vinyl bromide 11 (5.3 uL, 0.052 mmol) under N2, and a solution of KOH
(6.7 mg, 0.12 mmol) in H20 (35.8 pL) that had been sparged with N for 2.5 hours. The reaction
was sealed and allowed to stir at 70 °C for 12 hours. The reaction was allowed to cool to
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ambient temperature, then quenched by addition of methylene chloride and water. The layers
were separated and the aqueous layer was extracted 3X with methylene chloride. The combined
organic layers were dried over Na:SOy, filtered, and concentrated in vacuo. The crude reaction
was purified via silica gel chromatography (25:1 pentane:Et20, Seebach Stain visualization) to
afford the product in 51% yield (8.8 mg) as a single diastereomer. 'H NMR (600 MHz, CDCls) &
7.34 - 7.26 (m, 4H), 7.25 - 7.17 (m, 1H), 5.05 (ddq, ] = 7.6, 6.1, 1.4 Hz, 1H), 4.71 (d, ] = 8.2 Hz, 1H),
1.99 (ddd, J=14.1, 10.8, 8.2 Hz, 1H), 1.78 — 1.70 (m, 1H), 1.63 (d, ] = 1.5 Hz, 3H), 1.50 (s, 4H), 1.25
(s, 6H), 1.25 (s, 6H), 0.87 (s, 9H), 0.02 (s, 3H), -0.34 (s, 3H). *C NMR (151 MHz, CDCls) d 1454,
131.4, 127.7, 126.9, 126.8, 123.9, 83.0, 26.9, 25.9, 25.7, 25.3, 25.0, 18.1, 17.8, -4.3, -4.7. IR (v/cm™):
2935 (m), 2921 (s), 2838 (m), 1328 (m), 1427 (w), 1338 (m), 1376 (m). HRMS (ESI"): calcd for
C2sH103BSiNa*453.2972, found: [M+Na*] 453.2968. [a]p?2 = —22.8 (c = 4.12, CH2Clz, [ = 100 mm).
I\I/l_e/)t-Bu

_Sic
O Me Me

13

tert-butyl(((1S,25)-2-(furan-2-yl)-5-methyl-1-phenylhex-4-en-1-yl)oxy)dimethylsilane (13).
TBS-protected alcohol 13 was prepared following a modified literature procedure.’* A flame-
-dried 8-mL vial was charged with furan (6.2 uL, 0.0859 mmol) and anhydrous thf (0.290 mL).
The reaction was allowed to cool to -78 °C (dry ice/acetone) and then charged with n-
butyllithium (54.7 puL, 0.0859 mmol, 1.57 M solution in hexanes). The cooling bath was removed
and the reaction was allowed to stir at ambient temperature for 1 hour. The mixture was
allowed to cool back down to -78 “C (dry ice/acetone) and then charged with 12 (3.7:1 d.r.) as a
0.4 M solution in thf (30.8 mg, 0.0715 mmol) and allowed to stir at that temperature for 1.5 hour.
NBS (15.3 mg, 0.0859 mmol) was then added to the reaction as a 0.3 M solution in thf. After
allowing the reaction to stir for 1.5 hours, 1 mL of a saturated aqueous solution of Na25:0s was
added to the reaction and allowed to stir at ambient temperature for 30 minutes. The layers
were separated and extracted three times with diethyl ether. The combined organic extracts
were dried over MgSO4, filtered, and concentrated in vacuo. The crude reaction mixture was
purified by silica gel chromatography (pure hexanes to 50:1 hexanes:Et2O, KMnOs stain
visualization) to give the product 13 as a colorless oil in 52% yield (13.9 mg) and 3.8:1 anti:syn
diastereomeric ratio. Anti diastereomer: 'H NMR (600 MHz, CDCls) d 7.34 — 7.32 (m, 1H), 7.28 -
7.25 (m, 2H), 7.22 - 7.17 (m, 1H), 7.17 - 7.13 (m, 2H), 6.29 (dd, ] = 3.1, 1.8 Hz, 1H), 5.99 (d, | =3.1
Hz, 1H), 495 (ddd, ] =7.0, 5.7, 1.3 Hz, 1H), 4.83 (d, ] = 6.6 Hz, 1H), 2.98 (ddd, ] =10.9, 6.6, 4.7 Hz,
1H), 2.21 - 2.07 (m, 2H), 1.59 (s, 3H), 1.45 (s, 3H), 0.81 (s, 9H), -0.08 (s, 3H), -0.24 (s, 3H). *C
NMR (151 MHz, CDCls) d 155.8, 143.2, 140.5, 132.5, 127.7, 126.8, 122.1, 110.1, 107.2, 48.8, 27.9,
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25.7, 18.1, 17.6, -4.9, -5.4. Syn diastereomer: 'H NMR (600 MHz, CDCls) d 7.25 — 7.22 (m, 6H),
6.20 (dd, ] =3.1, 1.8 Hz, 1H), 5.82 (d, ] = 3.1 Hz, 1H), 4.98 (dd, ] = 11.5, 4.2 Hz, 1H), 4.88 (d, ] = 6.2
Hz, 1H), 2.92 - 2.87 (m, 1H), 2.61 — 2.54 (m, 1H), 2.41 - 2.33 (m, 1H), 1.60 (s, 3H), 1.51 (s, 3H), 0.90
(s, 9H), -0.08 (s, 3H), -0.25 (s, 3H). *C NMR (151 MHz, CDCls)  155.6, 143.8, 140.6, 132.4, 127.6,
127.1, 126.8, 126.3, 110.0, 107.0, 65.9, 49.3, 26.7, 25.8, 25.7, 18.2, 15.3, -4.8, -5.4. IR (v/cm!): 2956.34
(s), 2927.41 (m), 2856.06 (m), 1250.61 (m), 1090.55 (m). HRMS (ESI): caled for CzsHzuO:SiNa*
393.2231, found: [M+Na] 393.2226. [a]p2 = + 7.0 (c = 0.70, CHzClz, I = 100 mm).

Me s

-bu
_Sil

(0] Me Me

Y 7 Me
NHBoc

14

tert-butyl ((1R,2S)-1-((tert-butyldimethylsilyl)oxy)-5-methyl-1-phenylhex-4-en-2-yl)carbamate
(14). Carbamate 14 was prepared from compound 12 according to literature procedure.® A
flame-dried 8-mL vial equipped with a magnetic stir bar was flushed with N2 and charged with
12 (21.6 mg, 0.0502 mmol) and 414 pL of anhydrous thf. A 0.837 M solution of
O-methylhydroxylamine (180 pL, 0.151 mmol) was added to a separate Nz-flushed, flame-dried
8-mL vial and then diluted with 328 uL of anhydrous thf. Both vials were cooled to -78 °C in a
dry ice/acetone bath. A 1.69 M solution of n-butyllithium in hexanes (89 uL, 0.151 mmol) was
added dropwise to the O-methylhydroxylamine solution and this was allowed to stir at -78 °C
for 30 minutes. After this time, the in situ generated solution of lithium O-methylhydroxylamide
was cannula transferred to the cooled solution of 12. The resulting solution was allowed to
warm to room temperature and was then heated to 60 °C with stirring for 20 h. After this time,
the solution was allowed to cool to 22 °C and di-tert-butyl dicarbonate (36.8 pL, 0.161 mmol)
was added via syringe. The solution was allowed to stir for 2 hours at 22 °C. The reaction was
quenched with 3 mL of deionized water, and the aqueous layer was extracted four times with
ethyl acetate. The combined organic layers were then dried over Na:SOs, filtered, and
concentrated in vacuo. The crude residue was purified by silica gel column chromatography
(10:1 pentane:diethyl ether), yielding the title carbamate 14. The title compound was isolated as
a colorless oil in 30% yield (6.3 mg). 'H NMR (3:1 mixture of rotamers, asterisks denote minor
rotamer peaks, 600 MHz, CDCls) 6 7.31 —7.27 (m, 3H), 7.24 - 7.20 (m, 2H), 5.13 (tt, ]=7.1, 1.4 Hz,
1H), 4.74 (d, ] = 3.2 Hz, 1H), *4.69 (bs, 1H), 4.57 (d, ] = 9.5 Hz, 1H), *4.42 (d, ] = 9.8 Hz, 1H), 3.68
(d, ] =8.2 Hz, 1H), *3.55 (bs, 1H), 2.31-2.27 (m, 1H), 2.14 — 1.97 (m, 1H), 1.70 (s, 3H), 1.59 (s, 3H),
1.35 (bs, 9H), 0.91 (s, 9H), 0.05 (s, 3H), -0.17 (s, 3H). *C NMR (151 MHz, CDCls) d 155.5, 142.1,
133.9, 127.8, 127.2, 126.5, 120.5, 57.1, 30.3, 28.4, 28.1, 27.4, 25.9, 25.8, 18.2, 18.1, 14.1, -4.5, -5.1. IR
(v/em™): 2929 (s), 2857 (m), 1716 (s), 1496 (m), 1456 (m), 1364 (m), 1253 (m). HRMS (ESI*): calcd
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for CasHs2N206Si2Na* 861.5610, found: [2M+Na*] 861.5601. [a]p?2 =+ 13.9 (¢ = 0.09, CH2Cl., [ = 100

mm).
Me o
I \
P e o
15

Benzyldimethyl(((15,25,3R)-1-methyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylcyclopentyl)oxy)silane (15). A crude reaction mixture of 1-hydroxy-2,3-bisboronate 7 (0.2
mmol scale) was charged with imidazole (54.5 mg, 0.8 mmol) and a magnetic stir bar and dried
under vacuum for 20 minutes. Anhydrous dmf (1.3 mL) was then added via syringe under Nz,
followed by benzylchlorodimethylsilane (109 uL, 0.6 mmol). The reaction was allowed to stir at
ambient temperature for 18 hours. The reaction was quenched by addition of 1 mL of a
saturated aqueous solution of NH4Cl. The mixture was extracted 3X with diethyl ether and the
combined organic extracts were washed with a saturated aqueous solution of NaHCOs,
followed by brine. The washed organic extracts were dried over MgSQOs, filtered, and
concentrated in vacuo. The crude reaction mixture was purified via silica gel chromatography
(20:1 hexanes:Et2O, Seebach Stain visualization) to yield the silyl-proteced 1-hydroxy-2,3-
bisboronate 15 as a colorless oil in 43% yield (43.0 mg, over two steps) and in 4.8:1 d.r. Anti-,
Anti diastereomer: 'H NMR (600 MHz, CDCls) © 7.19 (dd, ] = 10.5, 4.7 Hz, 2H), 7.08 (d, ] =7.3
Hz, 2H), 7.05 (t, ] = 7.2 Hz, 1H), 2.16 (s, 2H), 1.76 — 1.65 (m, 2H), 1.61 — 1.55 (m, 1H), 1.52 (d, | =
12.6 Hz, 1H), 1.39 — 1.32 (m, 2H), 1.27 (s, 3H), 1.25 (s, 6H), 1.24 (s, 6H), 1.22 (s, 6H), 1.22 (s, 6H),
0.07 (s, 3H), 0.06 (s, 3H). *C NMR (151 MHz, CDCls) 6 140.2, 128.5, 128.0, 123.8, 85.1, 82.8, 82.8,
441, 28.8, 27.2, 25.8, 25.0, 24.8, 24.8, 0.4, 0.4. IR (v/cm™): 2976.59 (s), 2932.23 (m), 2360.44 (m),
2341.16 (m), 1600.63 (s), 1371.14 (m), 1316.18 (m), 1144.55 (m). HRMS (ESI"): calcd for
C27H4605B2SiNa* 523.3198, found: [M+Na*] 523.3190. [a]p* = + 3.6 (c = 0.46, CH2Clz, [ = 100 mm).
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B
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16

benzyldimethyl(((1S,2S,3R)-1-methyl-2,3-bis((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDmethyl)cyclopentyl)oxy)silane (16). Bis-homologated 1-hydroxy-2,3-bisboronate 16 was
prepared according to a modified literature procedure.!® Protected hydroxyboronate 15 (35.6
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mg, 0.0711 mmol) was added to an oven-dried 8 mL vial containing a stir bar. The vial was
purged with nitrogen for 3 minutes. A solution of dibromomethane in thf was made (0.178
mmol, 0.25M) and an aliquot (0.711 mL) was added to the vial via syringe. The vial was cooled
to -78 °C (dry ice/acetone bath). A solution of nBuLi (0.100 mL, 0.157 mmol, 1.57M) in hexanes
was added dropwise via syringe. The reaction was allowed to stir at -78 °C for 20 minutes and
then allowed to warm to room temperature and stirred for an additional two hours. The
reaction was quenched with a saturated solution of ammonium chloride (1.5 mL), extracted
with diethyl ether (3x), dried over MgSO4 and concentrated. The crude material was purified
via silica gel chromatography (20:1 to 10:1 hexanes:Et2O, Seebach’s stain visualization) to yield
the desired bis-homologated product 16 in 78% yield (29.3 mg) as a viscous, colorless oil. 'H
NMR (600 MHz, CDCls)  7.19 (t, | =7.7 Hz, 2H), 7.05 (d, ] = 7.1 Hz, 3H), 2.13 (d, ] = 2.7 Hz, 2H),
1.79 -1.72 (m, 2H), 1.71 - 1.67 (m, 2H), 1.57 - 1.49 (m, 2H), 1.25 (s, 12H), 1.23 (s, 6H), 1.22 (s, 6H),
1.10 (dd, ] = 15.6, 3.7 Hz, 1H), 1.06 (s, 3H), 0.88 — 0.83 (m, 1H), 0.69 (dd, ] = 15.4, 11.0 Hz, 1H),
0.57 (dd, ] = 15.4, 8.6 Hz, 1H), 0.06 (s, 3H), 0.05 (s, 3H). *C NMR (151 MHz, CDCls) d 140.1,
128.5, 128.0, 123.8, 83.6, 82.9, 82.8, 54.8, 40.3, 39.9, 29.8, 28.8, 25.1, 25.0, 24.9, 24.7, 24.2, 0.6, 0.5. IR
(v/em™): 2976.34 (m), 2929.34 (m), 1371.14 (m), 1316.18 (m), 1145.51 (m). HRMS (ESI*): calcd for
C20H5205B2SiNa* 551.3511, found: [M+Na*] 551.3518. [a]p??=-3.0 (c = 0.44, CH2Clz, [ = 100 mm).
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