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1. General Methods

All reagents were commercially purchased and weexlas received for the reactions. All
reactions were carried out in oven-dried glassweinde THF was freshly distilled from
Na/Benzophenone ketyl and DCM was freshly distilfesm Calcium Hydride. Thin-layer
chromatography (TLC) was conducted with Merck 6®4precoated silica gel plate (0.2
mm thickness) and visualized under UV, by potasspermanganate or ceric ammonium
molybdate stain. Flash chromatography was perform&dg Merck silica gel 60 with
distilled solvents'H-NMR spectra were performed on a Bruker Avance, B)Qker Avance
400 or Bruker Avance 500 NMR spectrometer and aponted in ppm downfield from
SiMe; (6 0.0), relative to the signal of chloroform-@ € 7.26, singlet) or methanol-@® =
3.31, quintet). Data reported as: s = singlet,dbgblet, t = triplet, q = quartet, m = multiplet,
b = broad; coupling constant(s) in Hz; integratiBnoton-decouple’C-NMR spectra were
recorded on Bruker Avance 300 (75 MHz) or BrukeraAwe 400 (100MHz) or Bruker
Avance 500 (125 MHz) spectrometer and are repartggbm using solvent as an internal
standard (CDGlat 77.16 ppm or CEZl, at 53.84 ppm). IR spectra were recorded usingl nujo
mull technique for solids and recorded neat (oorcentrated solution of CHgIfor liquids

on NaCl plates on a Shimadzu IRPrestige-21 FT-IRc8pphotometer were reported in
frequency of absorption (CHL. High-resolution mass spectral analysis (HRMS)swa

performed on Q-Tof Premier mass spectrometer (\Wa&erporation).
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2. Synthesis and characterization of compounds

0]

oy LA (4.0 eq) (§DH

)J\/\[( anhyd. THF, Ny, —~_~_-OH
O 0°C-RT, 1h

Levulinic Acid 4 88%

rac-6

Pentane-1,4-diol (rac-6)*

To an oven-dried, vacuum cooled 250 mL round-botf@sk equipped with a stir bar was
added levulinic acidl (2.0 mL, 2.29 g, 19.7 mmol, 1.0 equiv.) and anbydrTHF (20 mL)
under N atmosphere. The solution was cooled down € ®efore LiAlH; (39.5 mL, 2.0 M
solution in THF, 79 mmol, 4.0 equiv.) was slowlydad dropwise to give initial
effervescence and then a white suspension. Aftditiad, the mixture was allowed to warm
to room temperature and allowed to stir at RT foradditional 1 h to give an almost clear
solution. The mixture was cooled down to°0 and HO (3.1 mL) was slowly added
dropwise, followed by addition of aqueous NaOH (@1, 15 wt%, 3.75 M) and finally O
(9.2 mL) to give a white suspension after stirratgoom temperature for another 1 h. The
suspension was filtered through a pad of celiteshed with ethyl acetate and dried over
anhydrous MgS@® before being filtered and concentrated under redu@ressure.
Purification using silica gel chromatography (elueethyl acetate) affordedac-6 as a
colourless oil (1.81 g, 17.4 mmol, 88%). TLC (ethgktate): R= 0.23:'H NMR (400 MHz,
CDCl) 6 (ppm): 3.90-3.82 (m, 1H), 3.73-3.63 (m, 2H), 2(#8, 1H), 2.36 (bs, 1H), 1.69-
1.47 (m, 4H), 1.22 (d) = 6.2 Hz, 3H);"*C NMR (125 MHz, CDGJ) & (ppm): 68.1, 63.1,
36.4, 29.3, 23.8; FTIR (neat, NaCl, ¢n3306, 2932, 1454, 1373, 1134; HRMS (ESiY
Calcd for GH130, [M+H] *: 105.0916; found: 105.0921.

! (R)-pentan-1,4-diol: J. C. Killen, L. C. Axford, S. Bewberry, T. J. Simpson and C. L.
Willis, Org. Lett.,2012,14, 4194-4197.
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1. Novozyme 435 2. TBDPSCI

(33 mg/mmol) (1.2 eq.)
Vinylacetate Imidazole
?H (3.3eq.) OH (1.5eq.) OTBDPS
Ao~ OH neat RT,35h -~ ~_0OAc  anhyd. DCM, _~_~_OAc
rac-6 8 N2, RT, 2 h 9
40% vyield over 2 steps
>99% ee

(S)-4-hydroxypentyl acetate (8)

To a 25 mL round-bottom flask equipped with a bar was added pentane-1,4-diat-6
(2.80 g, 17.3 mmol, 1.0 equiv.) and vinylacetate3 (&1L, 4.91 g, 57.1 mmol, 3.3 equiv.)
before Novozyme 435 (571 mg, 33 mg/mmol) was addibd.suspension was allowed to stir
at RT for 3.5 h before filtering through a pad daite, washed with ethyl acetate and
concentrated under reduced pressure to afforddeanixture which is immediately used in
the subsequent step without further purification.

Alternatively the crude mixturean be purifiedusing silica gel chromatography (eluent:
hexanes/ethyl acetate = 2:1) to aff8rds a colourless oil. TLC (hexanes/ethyl acetately 2
Rf = 0.13; p]%% = +13.4 (c = 1.49, CHG); 'H NMR (400 MHz, CDCY) & (ppm): 4.09 (tJ

= 6.6 Hz, 2H), 3.84 (sextel,= 6.2 Hz, 1H), 2.05 (s, 3H), 1.78-1.67 (m, 3Hp41.48 (m,
2H), 1.21 (dJ = 6.2 Hz, 3H);*C NMR (100 MHz, CDGJ) & (ppm): 171.4, 67.5, 64.6, 35.4,
25.0, 23.6, 21.0; FTIR (neat, NaCl, §yn3426, 2967, 1736, 1454, 1368, 1140; HRMS (ESI)
m/zCalcd for GH1s03 [M+H] *: 147.1021; found: 147.1017.

(S)-4-((tert-butyldiphenylsilyl)oxy)pentyl acetate (9)

To the crude mixture obtained above in a 50 mL dshattom flask equipped with a stir bar
was added anhydrous @€, (18 mL) under N atmosphere. Imidazole (882 mg, 13.0 mmol,
1.5 equiv. with respect to 50% conversion) was thdded at RT and stirred to achieve
complete dissolution befotert-butyl(chloro)diphenylsilane (2.7 mL, 2.85 g, 10mnol, 1.2
equiv. with respect to 50% conversion) was addéx fhixture was allowed to stir at room
temperature for 2 h before saturated aqueougONHLO mL) was added and the layers were
separated. The aqueous phase was extracted witEl£A0 mL x 3) and the combined
organic phase washed with brine (10 mL), dried @ardrydrous MgS@®before being filtered
and concentrated under reduced pressure. Pumircaising silica gel chromatography
(eluent: hexanes/ethyl acetate = 50:1) to affbed a colourless oil (2.66 g, 6.92 mmol, 40%
over 2 steps out the theoretical maximum of 508€): >99%. Theee was determined on
Chiralcel OJ column with hexane/2-propanol = 108dy = 0.5 mL/min, wavelength = 220
nm. Retention times: 10.1 min RXenantiomer], 17.4 min $§-enantiomer]. TLC
(hexanes/ethyl acetate = 2:1) R0.69; ]*)> = -12.9 (c = 2.11, CHGJ; *H NMR (400
MHz, CDCk) & (ppm): 7.68-7.66 (m, 4H), 7.44-7.35 (m, 6H), 3(8& = 6.6 Hz, 2H), 3.88
(sextet,d = 5.9 Hz, 1H), 2.01 (s, 3H), 1.65-1.61 (m, 2HRQ1.46 (m, 2H), 1.06 (dl = 6.2
Hz, 3H), 1.05 (s, 9H)}*C NMR (125 MHz, CDGJ) & (ppm): 171.3, 136.0, 136.0, 134.9,
134.5, 129.7, 129.6, 127.7, 127.6, 69.2, 64.8,.35(72, 24.4, 23.2, 21.1, 19.4; FTIR (neat,
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NaCl, cm'): 3071, 2961, 1740, 1589, 1427, 1363, 1111;HRMSIYEn/z Calcd for
Ca3Hz,NaGs;Si [M+Na] *: 407.2018; found: 407.2023.

OTBDPS K,CO; (1.2 eq.) OTBDPS
o~ 0AC MeOH/H,0=51, _~_~_OH
9 RT,6h 10

96%
(S)-4-((tert-butyldiphenylsilyl)oxy)pentan-1-ol (10)2

To (9-4-((tert-butyldiphenylsilyl)oxy)pentyl aceta®(2.60 g, 6.77 mmol, 1.0 equiv.) in a 25
mL round-bottom flask equipped with a stir bar vaasled MeOH (15 mL) andJ@ (3 mL)
before solid KCOs (1.12 g, 8.12 mmol, 1.2 equiv.) was added in oodign. The mixture
was allowed to stir at RT for 6 h before saturaiqdeous NECI (10 mL) and HO (10 mL)
were added, extracted with ethyl acef@® mL x 4), the combined organic phase washed
with brine (10 mL), dried over anhydrous Mg&@efore being filtered and concentrated
under reduced pressure. Purification using siliebapromatography (eluent: hexanes/ethyl
acetate = 10:1 to 2:1) to afforth as a colourless oil (2.22 g, 6.50 mmol, 96%). TLC
(hexanes/ ethyl acetate = 2:1).R0.59; p]*% = -9.3 (c = 0.45, MeOH), (Lit [a]p = -50.1

(c = 0.0051, MeOH);d]*> = -6.5 (c = 1.00, CH@G), (Lit. (enantiomer} [a]*> = +5.4 (c =
2.10, CHCY); *H NMR (500 MHz, CDC)) & (ppm): 7.68-7.67 (m, 4H), 7.42-7.41 (m, 2H),
7.41-7.35 (m, 4H), 3.91 (sextét= 6.0 Hz, 1H), 3.55-3.53 (m, 2H), 1.60-1.56 (m,)3H52-
1.50 (m, 2H), 1.07 (dJ = 6.2 Hz, 3H), 1.05 (s, 9H}’C NMR (100 MHz, CDGJ) & (ppm):
136.0, 136.0, 134.8, 134.5, 129.7, 129.7, 127.7,6159.4, 63.2, 35.7, 28.4, 27.2, 23.0, 19.4;
FTIR (neat, NaCl, Cfﬁ): 3361, 3070, 2932, 1589, 1427, 1367, 1111; HRESI m/zCalcd

for Co1H310,Si [M+H] *: 343.2093; found: 343.2104.

PPh; (2.0 eq.)
Imidazole (4.0 eq.)

OTBDPS l, (2.2 eq.) OTBDPS
_~_~_0OH THF:MeCN=6:5 | _~_~_-!
0°C-RT, 3 h

10
98% Fragment A 11

(S)-tert-butyl((5-iodopentan-2-yl)oxy)diphenylsilane (11)*

To a 250 mL round-bottom flask equipped with a b@r was added PPI§3.13 g, 11.9
mmol, 2.0 equiv.) and imidazole (1.62 g, 23.8 mmd), equiv.) before THF/MeCN (6:5) (15
mL) was added and cooled down t8®to give a brown solution; (3.33 g, 13.1 mmol, 2.2

2 G. B. Jones, G. Hynd, J. M. Wright and A. Sharth&@rg. Chem.1999,65, 263-265.

? (R)-tert-butyl((5-iodopentan-2-yl)oxy)diphenylsilane (enanter): T. Motozaki, K.
Sawamura, A. Suzuki, K. Yoshida, T. Ueki, A. Oh&aMunakata, K.-i. Takao and K.-i.
TadanoOrg. Lett.,2005,7, 2265-2267.

S5



equiv.) was then added in one portion to the stirmixture at ’C and allowed to stirred at
0 °C for 1 h to give a brown suspensioB)-4-((tert-butyldiphenylsilyl)oxy)pentan-1-010
(2.04 g, 5.96 mmol, 1.0 equiv.) dissolved in THB (L) was then added to the suspension
was allowed to stir at room temperature for 3 tolefkaturated aqueous 48203 (10 mL)
was added and concentrated under reduced pregdhng.acetate (30 mL) was added to
dilute the mixture and the layers were separatesl afjueous phase extracted with EA (30
mL x 3), the combined organic phase washed witheb(ilO mL), dried over anhydrous
MgSO, before being filtered and concentrated under redygressure. Purification using
silica gel chromatography (eluent: hexanes/ethgtaie = 50:1) to affordl as a pale yellow
oil (2.63 g, 5.82 mmol, 98%). TLC (hexanes/ethytate = 20:1): R= 0.76; p]*b = -20.2 (c

= 2.17, CHGJ), (Lit.(enantiomer} [o]*s = +20.5 (c = 1.93, CHG) *H NMR (500 MHz,
CDCl3) 6 (ppm): 7.68-7.66 (m, 4H), 7.43-7.35 (m, 6H), 3(8&xtet,J = 5.9 Hz, 1H), 3.11-
3.04 (m, 2H), 1.87-1.82 (m, 2H), 1.56-1.49 (m, 2HN6 (d,J = 6.2 Hz, 3H), 1.05 (s, 9H);
3C NMR (125 MHz, CDGJ) & (ppm): 136.0, 136.0, 134.8, 134.4, 129.7, 1297,2, 127.6,
68.7, 40.3, 29.5, 27.2, 23.4, 19.4, 7.4; FTIR (n&=Cl, le): 3071, 2961, 1589, 1427,
1377, 1111; HRMS (ESIm/z Calcd for Gi{H,9NaOSil [M+Na] *: 475.0930; found:
475.0946.

OH BnBr (1.5eq.) OBn
0 o Ag,0 (1.0 eq.) 0 o
| anhyd. DMF, N, ||
H RT, dark, 4 h H
HMF 5 12

91%
5-((benzyloxy)methy!)furan-2-car baldehyde (12)*

To an oven-dried, vacuum cooled 250 mL round-botf@sk equipped with a stir bar was
added 5-(hydroxymethyl)furan-2-carbaldehy8e (6.11 g, 48.5 mmol, 1.0 equiv.) and
anhydrous DMF (35 mL) underzdtmosphere before benzyl bromide (8.6 mL, 12.4297 7
mmol, 1.5 equiv.) and silver oxide (11.3 g, 48.5 ohni.O equiv.) were added. The round-
bottom flask was covered with aluminium foil to &ae light and the suspension was
allowed to stir at room temperature for 4 h. Thgpgmsion was diluted with ethyl acetate (30
mL) and filtered through a pad of celite, washethvathyl acetate and concentrated under
reduced pressure. Purification using silica gebofatography (eluent: hexanes/ethyl acetate
= 30:1) to affordl2 as a yellow oil (9.53 g, 44.1 mmol, 91%). TLC (heas/ethyl acetate =
2:1): R = 0.50;*"H NMR (300 MHz, CDCJ) & (ppm): 9.63 (s, 1H), 7.36-7.30 (m, 5H), 7.21
(d,J = 3.5 Hz, 1H), 6.54 (d] = 3.5 Hz, 1H), 4.61 (s, 2H), 4.58 (s, 3H}c NMR (75 MHz,
CDCl) & (ppm): 177.9, 158.6, 152.8, 137.4, 128.7, 12828.1, 122.0, 111.4, 73.1, 64.3;
FTIR (neat, NaCl, ci): 3062, 3032, 2859, 1678, 1524, 1454, 1192; HRESIYm/z Calcd

for Cy3H1303 [M+H] *: 217.0865; found: 217.0863.

* L. Cottier, G. Descotes, L. Eymard and K. Ra@ynthesis]995, 303-306.
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LDA (1.3 eq.)
o)

OBn )J\ (1.5eq.) OBn
0 0 O'Bu o) OH
0
| anhyd. THF, N, W
0,
12 -78°C, 3h rac13 OBu

97%

tert-butyl 3-(5-((benzyloxy)methyl)furan-2-yl)-3-hydr oxypropanoate (rac-13)

To an oven-dried, vacuum cooled 250 mL round-botf@sk equipped with a stir bar was
added diisopropylamine (9.2 mL, 6.60 g, 65.4 mrad@,equiv.) and anhydrous THF (15 mL)
under N atmosphere before cooling down to°0. n-Butyllithium (35.4 mL, 1.6 m in
hexanes, 56.7 mmol, 1.3 equiv.) was slowly addegwlise at °C and stirred for 30 min
before cooling down to -78C. tert-Butyl acetate (8.8 mL, 7.6 g, 65.4 mmol, 1.5 equiv
dissolved in anhydrous THF (20 mL) was then slowtjded dropwise to the mixture
at -78°C and stirred for 30 min. 5-((benzyloxy)methyl)fur@recarbaldehydé2 (9.41 g, 43.6
mmol, 1.0 equiv.) dissolved in anhydrous THF (45)milas then slowly added dropwise to
the mixture at -78C and allowed to stir at -7& for an additional 3 hSaturated aqueous
NH4CI (20 mL) was slowly added to quench the reactiod the mixture was concentrated
under reduced pressure before diluting with etlogtate (50 mL) and # (50 mL). The
layers were separated, the aqueous phase extradtecethyl acetate (50 mL x 4), the
combined organic phase washed with brine (10 mtigddover anhydrous MgS(before
being filtered and concentrated under reduced pressPurification using silica gel
chromatography (eluent: hexanes/ethyl acetate $06211) to affordrac-13 as a pale yellow
oil (14.0 g, 42.3 mmol, 97%). TLC (hexanes/ethyétate = 2:1): R= 0.45;'H NMR (300
MHz, CDCk) & (ppm): 7.35-7.30 (m, 5H), 6.27 (@= 3.2 Hz, 1H)6.23 (d,J = 3.1 Hz, 1H),
5.10- 5.04 (m, 1H), 4.54 (s, 2H), 4.45 (s, 2H)838,J = 5.0 Hz, 1H), 2.82 (dd] = 16.5 Hz,
7.6 Hz, 1H), 2.75 (dd] = 16.4 Hz, 4.8 Hz, 1H), 1.46 (s, 9HJC NMR (75 MHz, CDCJ) &
(ppm): 171.5, 155.4, 151.2, 138.0, 128.5, 128.7,9,2110.3, 107.0, 81.8, 72.1, 64.6, 64.1,
40.9, 28.2; FTIR (neat, NaCl, ¢ 3443, 3060, 2980, 2929.9, 1726, 1454, 1151; HRMS
(ESI)m/zCalcd for GoH2505 [M+H] *: 333.1702; found: 333.1691.

OBn OBn
o OH MnO, (20 eq.) o O
L/ P EART 12h Y% P
rac-13 OBu 86% 14 OBu

keto:enol form = 93:7
tert-butyl 3-(5-((benzyloxy)methyl)furan-2-yl)-3-oxopr opanoate (14)

To tert-butyl 3-(5-((benzyloxy)methyl)furan-2-yl)-3-hydrggropanoate réc-13) (6.66 g,
20.1 mmol, 1.0 equiv.) in a 100 mL round-bottonsKaquipped with a stir bar was added
ethyl acetate (40 mL) and manganese dioxide (34.804 mmol, 20 equiv.). The black
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suspension was allowed to stir at room temperdturd2 h before being filtered through a
pad of celite, washed with ethyl acetate and camagsd under reduced pressure. Purification
using silica gel chromatography (eluent: hexankgledcetate = 10:1 to 2:1) to affodd
(keto form : enol form = 93:7) as a pale yellow which solidified at -30°C to give a pale
yellow solid (5.69 g, 17.3 mmol, 86%). mp = 53%%4 TLC (hexanes/ethyl acetate = 2:1):
Rf = 0.65;'"H NMR (400 MHz, CDC}) & (ppm): 7.36-7.30 (m, 5HY.21 (d,J = 3.6 Hz, 1H,
keto), 6.85 (d,) = 3.4 Hz, 1H, enol), 6.49 (d,= 3.2 Hz, 1H, keto), 6.41 (d,= 3.4 Hz, 1H,
enol), 5.56 (s, 1H, enol), 4.59 (s, 2H, keto), 4$62H, enol), 4.54 (s, 2H, keto), 4.49 (s, 2H,
enol), 3.74 (s, 2H), 1.52 (s, 9H, enol), 1.44 (4, 8eto); **C NMR (100 MHz, CDG)) &
(ppm): 181.6, 166.3, 157.1, 151.9, 137.4, 128.8,1,2128.0, 119.0, 111.6, 82.2, 72.8, 64.2,
46.9, 28.0 (enol peaks not depicted); FTIR (NuN#Cl, cm?): 3117, 2953, 2922, 2852,
1732, 1667, 1454, 1138; HRMS (ESi¥z Calcd for GoH230s [M+H] *: 331.1545; found:
333.1547.

[Ru(p-cymene)Cls]o (2.5 mol%)

0Bn (RR)-TSDPEN (6 mol%) BN
0] 0] HCOOH/NEt3 (0.5 mL/mmol) o) OH
W o ACN. RT, 12 h W o
14  OBu 13 OBu

0, 0,
keto:enol form = 93:7 99%, 98% ee

(R)-tert-butyl 3-(5-((benzyloxy)methyl)furan-2-yl)-3-hydroxypropanoate (13)

To a 50 mL round-bottom flask equipped with a dbiar was added dichlong(
cymene)ruthenium(ll) dimer (263 mg, 0.43 mmol, 2M/mol%), (IR2R)-(+)-1,2-
diphenylethylenediamirie(376 mg, 1.03 mmol, 6 mol%) and MeCN (34 mL) befor
triethylamine (356uL, 260 mg, 2.57 mmol, 15 mol%) was added. The méiuas allowed
to stir at room temperature for 1 h to give a dar&nge solution before SHCOMHE;
azeotrope (8.6 mL) was added. The mixture was tresferred to another 50 mL round-
bottom flask equipped with a stir bar containteg-butyl 3-(5-((benzyloxy)methyl)furan-2-
yl)-3-oxopropanoatel4 (5.66 g, 17.2 mmol, 1.0 equiv.) and allowed ta st room
temperature for 12 h. The mixture was concentrateter reduced pressure and purification
using silica gel chromatography (eluent: hexanbkygleicetate = 4:1) to affortl3 as a pale
yellow oil (5.66 g, 17.0 mmol, 99%e = 98%). Theeewas determined on Chiralcel OB-H
column with hexane/2-propanol = 90:10, flow = 1.0/min, wavelength = 220 nm.
Retention times: 10.8 min$f-enantiomer], 15.4 min [)-enantiomer]. §|*%5 = +21.9 (c =
2.05, CHC}), seerac-13 for the rest of the characterization data.

® Lutz F. Tietze, Y. Zhou and E. Toépkesyr. J. Org. Chem2000, 2247-2252.
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OBn t . t
1)mCPBA | O OBU o | 2) EtsSiH (1.0 eq) OxOBY ),

o OH (1.0eq)) o OH BF;-OEt, (1.0 eq.) o
N - -
W © DcM. RT, 20 anhyd. CH,Cl,
200 =
13 15 61% over 2 steps 16

(unoptimized)

tert-butyl (R)-2-(6-((benzyloxy)methyl)-6-hydr oxy-3-oxo-3,6-dihydr o-2H-pyran-2-yl)
acetate (15)

To (R)-tert-butyl 3-(5-((benzyloxy)methyl)furan-2-yl)-3-hydrggropanoate(13) (445 mg,
1.34 mmol, 1.0 equiv.) in a 25 mL round-bottom Klaxjuipped with a stir bar was added
CH.Cl, (4.5 mL) and themetachloroperoxybenzoic acid (329 mg, ~70 wt. %, 1ndol,
1.0 equiv.) in one portion. The mixture was allowedstir at room temperature for 15 h to
give a white suspension before saturated aqueotkCRa (5 mL) was added. The layers
were separated, the aqueous phase extracted w3 mL x 3), the combined organic
phase washed with water (5 mL), brine (5 mL), deer anhydrous MgS{before being
filtered and concentrated under reduced pressuaéfdod crudel5 asa mixture of isomers
(major:minor = 91:9) which is immediately used imetsubsequent step without further
purification.

Alternatively, the crude mixturean be purifiedusing silica gel chromatography (eluent:
hexanes/ethyl acetate = 10:1 to 1:1) to affffdsa mixture of isomers (major:minor = 91:9)
as a pale yellow oil. TLC (hexanes/ethyl acetaB): R = 0.38; j1]*> = +41.0 (c = 3.44,
CHCly); *H NMR (400 MHz, CDCY) & (ppm): 7.36-7.32 (m, 5H), 6.89 (d,= 10.4 Hz, 1H,
minor), 6.81 (dJ = 10.3 Hz, 1H, major), 6.19 (d,= 10.4 Hz, 1H, minor), 6.13 (d,= 10.3
Hz, 1H, major), 4.94 (ddl = 6.9 Hz, 4.4 Hz, 1H), 4.71 (d,= 12.0 Hz, 1H), 4.62 (d = 12.0
Hz, 1H), 4.43 (bs, 1H, minor), 4.01 (bs, 1H, maj&)p2 (d,J = 10.3 Hz, 1H), 3.57 (d] =
10.3 Hz, 1H), 2.88 (ddl = 16.5 Hz, 4.4 Hz, 1H), 2.71 (dd~ 16.5 Hz, 6.9 Hz, 1H), 1.44 (s,
9H, minor), 1.42 (s, 9H, major}’C NMR (100 MHz, CDGJ) & (ppm): 195.4, 194.9 (minor),
169.8, 147.5 (minor), 145.2, 137.4, 128.7, 12828.1, 128.0, 127.9 (minor), 127.9 (minor),
93.9 (minor), 93.2, 81.8 (minor), 81.3, 75.1 (minat4.3, 74.1, 74.0 (minor), 73.0 (minor),
71.8, 39.3 (minor), 36.7, 28.2; FTIR (neat, Na@®@h™: 3401, 3067, 3030, 2978, 2932, 2868,
1730, 1694, 1632; HRMS (ESkn/z Calcd for GgH,s0¢ [M+H] ™ 349.1651; found:
349.1643.

tert-butyl 2-((2R,6R)-6-((benzyloxy)methyl)-3-oxo-3,6-dihydr o-2H-pyran-2-yl)acetate
(16)

To the crude mixture of5 obtained above in a 25 mL round-bottom flask epetpwith a
stir bar was added anhydrous £CHp (6.7 mL) under N atmosphere. Triethylsilane (19&,
142 mg, 1.34 mmol, 1.0 equiv.) was added and coodledn to -20°C before boron
trifluoride diethyl etherate (16%L, 190 mg, 1.34 mmol, 1.0 equiv.) was slowly added
dropwise and stirred at -2« for another 2 h. The reaction was quenched wathrated
aqueous NECI (5 mL) and HO (2 mL) before warming to room temperature. Theeta
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were separated, the aqueous phase extracted witBI£t3 mL x 4), the combined organic
phase washed with water (5 mL), brine (5 mL), dieer anhydrous MgS{before being
filered and concentrated under reduced pressuretifiddtion using silica gel
chromatography (eluent: hexanes/ethyl acetate % 4®:2:1) to affordl6 (271 mg, 0.82
mmol, 61% over 2 steps) as a yellow oil. TLC (hessdathyl acetate = 2:1); R 0.50; ]%p

= +70.4 (c = 2.21, CHG); *H NMR (300 MHz, CDC}) & (ppm): 7.36-7.30 (m, 5H), 7.07
(dd,J =10.4 Hz, 1.5 Hz, 1H), 6.18 (dd,= 10.4 Hz, 2.5 Hz, 1H), 4.64-4.56 (m, 3H), 4.45
(ddd,J = 7.1 Hz, 4.6 Hz, 2.2 Hz, 1H), 3.71 (db= 10.0 Hz, 5.6 Hz, 1H), 3.58 (dd,= 10.0
Hz, 5.9 Hz, 1H), 2.93 (dd} = 16.5 Hz, 4.5 Hz, 1H), 2.62 (dd= 16.4 Hz, 7.2 Hz, 1H), 1.46
(s, 9H); **C NMR (100 MHz, CDGQ) & (ppm): 195.1, 170.0, 148.9, 137.8, 128.6, 128.0,
127.9, 127.4, 81.1, 77.7, 74.0, 73.8, 71.2, 368;2FTIR (neat, NaCl, c): 3057, 3034,
2982, 2934, 2874, 1728, 1628; HRMS (EB8I)z Calcd for GgH»s05 [M+H] *: 333.1702;
found: 333.1705.

OBn Os_OBu 5
o OH 1) mCPBA (1.0 eq.) OBn
| Y amm O
DCM, RT, 20 h
O'Bu HO™
13 15
t
2) Et;SiH (10 eq.) ONCBY o
BF3-OFEt, (6.0 eq.) o
N
anhyd. CH2C|2, N2,
- 0 N
40°C, 15 h HO'
75% over 2 steps 17 18
6% 69%

tert-butyl 2-((2R,3S,6R)-6-((benzyloxy)methyl)-3-hydr oxy-3,6-dihydr o-2H-pyran-2-yl)
acetate (17)

tert-butyl 2-((2R,3S,6R)-6-((benzyloxy)methyl)-3-hydr oxytetrahydr o-2H-pyran-2-yl)
acetate (18)

To (R)-tert-butyl 3-(5-((benzyloxy)methyl)furan-2-yl)-3-hydrggropanoate(13) (5.66 g,
17.1 mmol, 1.0 equiv.) in a 100 mL round-bottonrskaquipped with a stir bar was added
CH.CI; (40 mL) and themetachloroperoxybenzoic acid (4.19 g, ~70 wt. %, Imrol, 1.0
equiv.) in one portion. The mixture was allowedtio at room temperature for 20 h to give a
white suspension before saturated aqueous NagHB8® mL) was added. The layers were
separated, the aqueous phase extracted witlCIgkB0 mL x 3), the combined organic phase
washed with water (50 mL), brine (10 mL), dried oamhydrous MgS@Q before being
filtered and concentrated under reduced pressuaéfdod crudel5 asa mixture of isomers
(major:minor = 91:9) which is immediately used imetsubsequent step without further
purification.

To the crude mixture aof5 obtained above in a 100 mL round-bottom flask poed with a
stir bar was added anhydrous £H (85 mL) under N atmosphere. Triethylsilane (24.8 mL,
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18.1 g, 170 mmol, 10 equiv.) was added and cootsehdo -40°C before boron trifluoride
diethyl etherate (12.6 mL, 14.5 g, 102 mmol, 6.0iey was slowly addedia a syringe
pump over 30 min and stirred at -30 for another 15 h. The reaction was quenched with
saturated aqueous NEI (50 mL) and HO (20 mL) before warming to room temperature.
The layers were separated, the aqueous phase tedtrath CHCI, (50 mL x 4), the
combined organic phase washed with water (50 miipeb(10 mL), dried over anhydrous
MgSO, before being filtered and concentrated under redyaressure. Purification using
silica gel chromatography (eluent: hexanes/ethgtaie = 10:1 to 2:1) to afforti’ (343 mg,
1.03 mmol, 6% over 2 steps) ab@l (3.96 g, 11.8 mmol, 69% over 2 stepsparately as pale
yellow oils. Total yield: 75% over 2 steps.

17: TLC (hexanes/ethyl acetate = 2:1):=R0.30; ]*% = +70.1 (c = 0.72, CHG); *H NMR
(300 MHz, CDC}) & (ppm): 7.34-7.30 (m, 5H), 5.86 (d= 10.5 Hz, 1H), 5.80 (d] = 10.2
Hz, 1H), 4.57 (s, 2H), 4.34 (m, 1H), 4.05 (m, 1B)71-3.64 (m, 1H), 3.51 (dd,= 10.2 Hz,
6.0 Hz, 1H), 3.46 (dd] = 10.1 Hz, 5.1 Hz, 1H), 2.75 (dd= 15.5 Hz, 5.7 Hz, 1H), 2.59 (dd,
J=15.5 Hz, 6.8 Hz, 1H), 2.37 (bs, 1H), 1.46 (s):9%C NMR (75 MHz, CDC}) 3 (ppm):
171.6, 138.3, 130.3, 128.8, 128.5, 127.9, 127.8,816.1, 74.7, 73.5, 72.4, 68.2, 40.4, 28.2;
FTIR (neat, NaCl, ci): 3424, 3060, 2978, 2930, 2868, 1732, 1620; HRESIYm/z Calcd
for C1gH»705 [M+H] *: 335.1858; found: 335.1854.

18: TLC (hexanes/ethyl acetate = 2:1):=R0.23; j]*, = +24.1 (c = 2.37, CHG); 'H NMR
(500 MHz, CDC}) & (ppm): 7.33-1.28 (m, 5H), 4.57 (d,= 12.2 Hz, 1H), 4.53 (d] = 12.2
Hz, 1H), 3.58-3.57 (m, 1H), 3.58-3.57 (m, 1H), 3%31 (m, 1H), 3.50-3.46 (m, 1H), 3.41
(dd,J = 10.1 Hz, 4.4 Hz, 1H), 3.36 (m, 1H), 2.72 (dd; 15.2 Hz, 5.5 Hz, 1H), 2.50 (dd=
15.3 Hz, 6.5 Hz, 1H), 2.23 (bs, 1H), 2.14-2.12 (H), 1.76-1.73 (m, 1H), 1.47 (m, 11H);
3C NMR (75 MHz, CDC)) & (ppm): 171.8, 138.5, 128.5, 127.8, 127.7, 81.19,787.0,
73.5, 72.9, 71.0, 40.5, 32.8, 28.2, 28.0; FTIR {(nb&aCl, cm®): 3443, 3060, 2978, 2934,
2868, 1732, 1603; HRMS (ESkn/z Calcd for GeHzgOs [M+H] *: 337.2015; found:
337.2011.
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Q
v9)
c

TBSCI (1.5 eq.)
Imidazole (3.0 eq.)

anhyd. DCM, N,
RT15h oo

89% 19

tert-butyl 2-((2R,3S,6R)-6-((benzyloxy)methyl)-3-((tert-butyldimethylsilyl)oxy)-3,6-
dihydro-2H-pyran-2-yl)acetate (19)

tert-butyl 2-((2R,3S,6R)-6-((benzyloxy)methyl)-3-((tert-butyldimethylsilyl)oxy)
tetrahydro-2H-pyran-2-yl)acetate (20)

To a mixture oftert-butyl 2-((2R,3S 6R)-6-((benzyloxy)methyl)-3-hydroxy-3,6-dihydrd-2
pyran-2-yhacetate 17 (343 mg, 1.03 mmol) andtert-butyl 2-((ZR,3S6R)-6-
((benzyloxy)methyl)-3-hydroxytetrahydrd-2pyran-2-yl)acetatd8 (3.96 g, 11.8 mmol) in a
50 mL round-bottom flask equipped with a stir baaswadded anhydrous @El, (26 mL)
under N atmosphere. Imidazole (2.62 g, 38.5 mmol, 3.0\equir.t combined amount of
both reactants) was then added at RT and stirredticeve complete dissolution befdest-
butyl(chloro)dimethylsilane (2.90 g, 19.2 mmol, k&uiv. w.r.t combined amount of both
reactants) was added. The mixture was allowedit@asstoom temperature for 15 h before
saturated aqueous NEI (10 mL) and HO (5 mL) was added and the layers were separated.
The aqueous phase was extracted with@}H10 mL x 3) and the combined organic phase
washed with HO (5 mL) and brine (5 mL), dried over anhydrous MgSefore being
filered and concentrated under reduced pressuretifiddtion using silica gel
chromatography (eluent: hexanes/ethyl acetate £ #9:20:1) to affordl9 and 20 as an
inseparable mixture (colourless oil) (5.14 g, Irhrhol, 89%). TLC (hexanes/ethyl acetate =
10:1): R = 0.39; %% = +48.5 (c = 1.35, CHG);, 'H NMR (400 MHz, CDCJ) & (ppm):
7.33-7.27 (m, 5H), 5.76 (m, 2H9), 4.58-4.52 (m, 2H), 4.35 (m, 1H9), 4.08-4.05 (m, 1H,
19), 3.75 (m, 1H,19), 3.59-3.55 (m, 2H), 3.50-3.47 (m, 1H), 3.43-3(82 2H), 2.78-2.74
(m, 1H), 2.38-2.33 (m, 1HL9), 2.24 (ddJ = 14.8 Hz, 9.7 Hz, 1H), 2.01 (m, 1H), 1.76-1.73
(m, 1H), 1.44 (m, 11H), 0.06 (s, 6H)}C NMR (100 MHz, CDGJ) & (ppm): 171.3, 138.6,
128.4,127.8, 127.6, 80.4, 79.8, 76.8, 73.4, 709N , 39.5, 33.2, 28.3, 28.1, 25.9, 18.1, -3.9,
-4.6; FTIR (neat, NaCl, cf): 3061, 3030, 2953, 2930, 2857, 1732; HRMS (ESH Calcd

for CosH4305Si [M+H] " 451.2880; found: 451.2887.
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O~__OBu

H,, Pd/C (10 mol%) o OH
MeOH, RT, 21 h
TBSO"
96% 21

tert-butyl 2-((2R,3S,6R)-3-((tert-butyldimethylsilyl)oxy)-6-(hydr oxymethyl)tetr ahydr o-
2H-pyran-2-yl)acetate (21)

To a mixture of tert-butyl 2-((ZR 3S6R)-6-((benzyloxy)methyl)-3-tert-butyldimethyl
silyl)oxy)-3,6-dihydro-H-pyran-2-yl)acetate (19) and tert-butyl 2-((ZR3S6R)-6-
((benzyloxy)methyl)-3-fert-butyldimethylsilyl)oxy)tetrahydro-8-pyran-2-yl)acetate (20)
(5.00 g, 11.1 mmol, 1.0 equiv.) in a 100 mL roundtdrm flask equipped with a stir bar was
added MeOH (30 mL) and palladium on carbon (1.180gwt. %, 1.11 mmol, 10 mol%).
The round-bottom flask was evacuated and backfilgld H, (balloon) thrice and allowed to
stir at RT for 21 h, filtered through a short plofsilica gel, washed with ethyl acetate and
concentrated to afford tert-butyl 2-((2R,3S6R)-3-((tert-butyldimethylsilyl)oxy)-6-
(hydroxymethyhtetrahydro42-pyran-2-yl)acetatl as acolourless oil (3.84 g, 10.7 mmol,
96%). TLC (hexanes/ethyl acetate = 2:1):=R0.43; ] = +42.8 (c = 1.90, CHg); *H
NMR (500 MHz, CDCY) & (ppm): 3.58-3.54 (m, 2H), 3.48-3.43 (m, 2H), 3(82 J = 9.6
Hz, 4.2 Hz, 1H), 2.77 (dd, = 14.8 Hz, 2.8 Hz, 1H), 2.20 (dd= 14.8 Hz, 9.9 Hz, 1H), 2.02-
1.99 (m, 1H), 1.70 (bs, 1H), 1.61-1.48 (m, 3H),51(4, 9H), 1.42-1.41 (m, 1H), 0.87 (s, 9H),
0.06 (s, 3H), 0.05 (s, 3H}’C NMR (100 MHz, CDG) & (ppm): 171.2, 80.6, 79.6, 77.8,
70.9, 65.7, 39.6, 32.9, 28.3, 26.8, 25.9, 18.09,-3.6; FTIR (neat, NaCl, chy: 3466, 2953,
2930, 2857, 1728; HRMS (ESkn/z Calcd for GgHs/0sSi [M+H] *: 361.2410; found:
361.2417.
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DMSO (3.0 eq.) )
(COCl), (1.5 eq.) Oy, O'Bu
NEt; (6.0 eq.)
anhyd. DCM, N,
‘78 OC, 1 h TBSO\\

85% 22

tert-butyl 2-((2R,3S,6R)-3-((tert-butyldimethylsilyl)oxy)-6-for myltetr ahydr o-2H-pyr an-
2-yl)acetate (22)

To an oven-dried, vacuum cooled 250 mL round-botf@sk equipped with a stir bar was
added anhydrous DMSO (2.2 mL, 2.40 g, 30.8 mm@l,e8uiv.) and anhydrous GE&l, (20
mL) under N atmosphere before cooling down to -T& Oxalyl chloride(1.3 mL, 1.95 g,
15.4 mmol, 1.5 equiv.) was slowly added dropwise’&8CC and stirred for 15 minert-butyl
2-((2R,3S,6R)-3-((tert-butyldimethylsilyl)oxy)-6-(hydroxymethyl)tetrahyds2H-pyran-2-yl)
acetate?1 (3.69 g, 10.3 mmol, 1.0 equiv.) dissolved in anloydr CHCl, (50 mL) was then
slowly added dropwise to the mixture at “8and stirred for 1 h. Triethylamine (8.5 mL,
6.21 g, 61.5 mmol, 6.0 equiv.) was then added itigroto the mixture at -78C and allowed
to stir at -78C for an additional 15 min before warming to room tempegaand stirred for
another 30 minSaturated aqueous NEI (20 mL) and HO (5 mL) was added to the mixture
and the layers were separated, the aqueous phasetea with CHCI, (30 mL x 3), the
combined organic phase washed witsOH10 mL), brine (10 mL), dried over anhydrous
MgSO, before being filtered and concentrated under redygressure. Purification using
silica gel chromatography (eluent: hexanes/ethgtaie = 30:1) to afford2 as a pale yellow
oil (3.12 g, 8.71 mmol, 85%). The aldehyde prodsctot very stable and should be stored a
low temperature or used immediately in the subsaigsiep. TLC (hexanes/ethyl acetate =
2:1): R = 0.55; p]*p = +84.4 (c = 1.72, CHG); *H NMR (500 MHz, CDC}) 3 (ppm): 9.59
(s, 1H),3.78 (dd,J = 11.5 Hz, 2.4 Hz, 1H), 3.64 (td~= 9.4 Hz, 2.7 Hz, 1H), 3.36 (td,= 9.6
Hz, 4.2 Hz, 1H), 2.79 (dd, = 15.1 Hz, 2.8 Hz, 1H), 2.30 (dd~ 15.2 Hz, 9.6 Hz, 1H), 2.10-
2.07 (m, 1H), 1.95-1.92 (m, 1H), 1.57-.50 (m, 2H}%6 (s, 9H), 0.87 (s, 9H), 0.06 (s, 6H);
13C NMR (125 MHz, CDGJ) & (ppm): 201.5, 171.0, 81.1, 80.8, 79.8, 70.2, 39227, 28.3,
26.0, 25.9, 18.0, -3.9, -4.6; FTIR (neat, NaCl, 2955, 2930, 2859, 1738, 1732, 1368;
HRMS (ESI)m/zCalcd for GgH3s05Si [M+H] *: 359.2254; found: 359.2247.
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O-_OB t
! CrCl, (7.0 eq)) Oy OBU '

CHI; (2.0eq))
anhyd. THF, Ar,
TBSO" RT,1h TBSO"
22 82% combined yield
EZ=81:19 Fragment B 23 23-Z

tert-butyl 2-((2R,3S,6R)-3-((tert-butyldimethylsilyl)oxy)-6-((E)-2-iodovinyl)tetr ahydr o-
2H-pyran-2-yl)acetate (23)

tert-butyl 2-((2R,3S,6R)-3-((tert-butyldimethylsilyl)oxy)-6-((Z)-2-iodovinyl)tetr ahydr o-
2H-pyran-2-yl)acetate (23-2)

To an oven-dried, vacuum-cooled 100 mL round-botfl@sk equipped with a stir bar was
added anhydrous chromium(ll) chloride (5.39 g, 48r80l, 7.0 equiv.) under Ar atmosphere
and cooled down to TC before anhydrous THF (26 mL) was slowly adde@ % to give a
grey suspension. The mixture was allowed to warnrolum temperature and a mixture
containing tert-butyl 2-((2R,3S6R)-3-((tert-butyldimethylsilyl)oxy)-6-formyltetrahydro4a-
pyran-2-yl)acetaté22) (2.24 g, 6.26 mmol, 1.0 equiv.) and iodoform (4g932.5 mmol, 2.0
equiv.) dissolved in anhydrous THF (13 mL) was $jomdded dropwise at room temperature
to the stirring suspension and allowed to stirdoother 1 h to give a brown solution,(H
(50 mL) and ethyl acetate (30 mL) was added andapers were separated. The agueous
phase was extracted with ethyl acetate (50 mL an8)) the combined organic phase washed
with saturated aqueous NaHg®0 mL), saturated agueous48z0; (50 mL) and brine (30
mL). The organic phase was dried over anhydrous®gfiitered through a pad of silica gel
and concentrated under reduced pressure. Pumircasing silica gel chromatography in the
dark (eluent: hexanes/ethyl acetate = 100:1) tord#t3 as the major product (colourless oil)
(2.99 g, 4.13 mmol, 66%) an2B-Z as the minor product (colourless oil) (481 mg, 1.00
mmol, 16%). The products were stored under Arhadbsence of light at -2C and23 was
used in the subsequent step within a few days.

23: TLC (hexanes/ethyl acetate = 10:1). R0.54; p]*% = +47.4 (c = 1.13, CHg); 'H
NMR (400 MHz, CDC}) & (ppm): 6.50 (dd) = 14.5 Hz, 4.6 Hz, 1H), 6.31 (dd= 14.5 Hz,
1.5 Hz, 1H), 3.83-3.80 (m, 1H), 3.57 (ti= 9.3 Hz, 2.9 Hz, 1H), 3.33 (td,= 9.5 Hz, 4.4
Hz, 1H), 2.73 (dd,) = 14.8 Hz, 3.0 Hz, 1H), 2.23 (dd,= 14.8 Hz, 9.7 Hz, 1H), 2.02-1.98
(m, 1H), 1.78-.174 (m, 1H), 1.44 (m, 11H), 0.8798l) 0.05 (s, 3H), 0.05 (s,3H)*C NMR
(100 MHz, CDC}) & (ppm): 171.2, 145.6, 80.6, 79.8, 78.9, 77.3, 78%5, 33.2, 30.8, 28.3,
25.9, 18.1, -3.9, -4.6; FTIR (neat, NaCl, tm3053, 2953, 2930, 2857, 1730, 1612; HRMS
(ESI) m/z Calcd for GoH3glO4Si [M+H] *: 483.1428; found: 483.142Bac-23: mp = 53-54
°C.

23-Z: mp = 71-72°C; TLC (hexanes/ethyl acetate = 10:1):=R0.46; |]*®> = +7.8 (c =
1.32, CHCJ); 'H NMR (400 MHz, CDC}) & (ppm): 6.27-6.19 (m, 2H), 4.08 (ddi= 8.8 Hz,
8.3 Hz, 1H), 3.60 (tdJ = 9.3 Hz, 2.5 Hz, 1H), 3.35 (td,= 9.7 Hz, 4.5 Hz, 1H), 2.76-2.71
(m, 1H), 2.19 (ddyJ = 14.8 Hz, 9.5 Hz, 1H), 2.04-2.00 (m, 1H), 1.88aL(m, 1H), 1.64-1.54
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(m, 1H), 1.48-1.38 (m, 10H), 0.87 (s, 9H), 0.0538l), 0.04 (s,3H)**C NMR (100 MHz,
CD,Cl») & (ppm): 171.2, 142.0, 81.9, 80.7, 80.5, 80.0, 78%8, 33.5, 29.9, 28.3, 26.0, 18.2,
-3.9, -4.6; FTIR (neat, NaCl, ¢hr 3053, 2953, 2930, 2857, 1730, 1620; HRMS (ESH
Calcd for GoHsgl04Si [M+H] *: 483.1428; found: 483.1426ac-23-Z: mp = 71-72C.

activated Zn dust (6.0 eq.) ~ 1BDPSO,
TMEDA (5.0 eq.)

f
TBDPSO PdCl,(Amphos), (5 mol%) OBu
Ao~ 2% TPGS-750-MH,0, 0
Ar, 40 °C, 24 h
TBSO"
11 (3.0eq.) 0 _ .
Fragment B Fragment A 68%, £IZ=>95:5 24

tert-butyl 2-((2R,3S,6R)-3-((tert-butyldimethylsilyl)oxy)-6-((S,E)-6-((tert-butyldiphenyl
silyl)oxy)hept-1-en-1-yl)tetrahydr o-2H-pyran-2-yl)acetate (24)

To a 4 mL sample vial wrapped in aluminium foil taning tert-butyl 2-((2R,3S 6R)-3-
((tert-butyldimethylsilyl)oxy)-6-(E)-2-iodovinyl)tetrahydro-Bi-pyran-2-yl)acetate23 (300
mg, 0.62 mmol, 1.0 equiv.) an8){tert-butyl((5-iodopentan-2-yl)oxy)diphenylsilarid (844
mg, 1.87 mmol, 3.0 equiv.) was added 2% TPGS-758dlition (1.2 mL) under Ar.
Tetramethylethylenediamine (46&, 361 mg, 3.11 mmol, 5.0 equiv.) was then addetth wi
stirring. PdC}JAmphos (22 mg, 0.031 mmol, 5 mol%) and activated zinctt{@44 mg,
3.73, 6.0 equiv.) were then added together, aadsémple vial was sealed under Ar. The
mixture was allowed to stir vigorously in the dairk,a pre-heated oil bath at 40 for 24 h
and allowed to cool to room temperature. The metwas filtered through a short pad of
silica gel (washed with ethyl acetate) and conegetr under reduced pressure. Purification
using silica gel chromatography (eluent: hexanesetxanes/ethyl acetate = 100:1) followed
by Preparative Thin Layer Chromatography (elueekames/ethyl acetate = 100:1) afforded
24 as a pale yellow oil (286 mg, 0.42 mmol, 68%) amiature of E/Z isomers in the
ratio >95/5. TLC (hexanes/ethyl acetate = 20:3)=R.53; p]*% = +18.5 (c = 1.19, CHG):;

'H NMR (400 MHz, CDC}) & (ppm): 7.67 (ddJ = 7.9 Hz, 1.4 Hz, 4H), 7.43-7.34 (m, 6H),
5.57 (dt,J = 15.5 Hz, 7.2 Hz, 1H), 5.36 (dd,= 15.5 Hz, 5.5 Hz, 1H), 3.84-3.75 (m, 2H),
3.58 (td,J = 9.3 Hz, 2.9 Hz, 1H), 3.33 (td,= 9.6 Hz, 4.3 Hz, 1H), 2.74 (dd~= 14.8 Hz, 3.0
Hz, 1H), 2.23 (ddJ = 14.8 Hz, 9.7 Hz, 1H), 2.01-1.97 (m, 1H), 1.9&6l(m, 2H), 1.71-1.68
(m, 1H), 1.43 (s, 9H), 1.47-1.33 (m, 6H), 1.049H), 1.02 (dJ = 6.2 Hz, 3H), 0.88 (s, 9H),
0.06 (s, 3H), 0.05 (s, 3H}’C NMR (100 MHz, CDGJ) 5 (ppm): 171.5, 136.0, 136.0, 135.1,
134.7, 131.8, 130.3, 129.6, 129.5, 127.6, 127.83,8®.8, 77.7, 70.9, 69.6, 39.6, 39.1, 33.6,
32.5, 31.5, 28.3, 27.2, 25.9, 24.8, 23.3, 19.41,18.9, -4.6; FTIR (neat, NaCl, ¢t 3071,

® Activated zinc dust was prepared using a modifiettedure from: S. Yamamura, M. Toda
and Y. HirataOrg. Synth.1973,53, 86. Zinc dust was stirred in 1M HCI for 30 mimickly
washed with HO, filtered and washed with ethanol, acetone, gletther sequentially, dried
between filter paper and used immediately.
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2930, 2867, 1960, 1890, 1825, 1730, 1589; HRMS )(BSEL Calcd for GoHssOsSi-Na
[M+Na] *: 703.4190; found: 703.4187.

TBDPSO,,, TBDPSO,,,

t t
OxOBu TBAF (2.0eq)  OxOBU

anhyd. THF, No,
RT, 4 h

HO"
24 86% 25

TBSO"

tert-butyl 2-((2R,3S,6R)-6-((S,E)-6-((tert-butyldiphenylsilyl)oxy)hept-1-en-1-yl)-3-
hydroxytetrahydro-2H-pyran-2-yl)acetate (25)

To tert-butyl 2-((ZR,3S6R)-3-((tert-butyldimethylsilyl)oxy)-6-(§E)-6-((tert-butyldiphenyl
silyl)oxy)hept-1-en-1-yl)tetrahydrok-pyran-2-yl)acetate24 (139 mg, 0.205 mmol, 1.0
equiv.) in a 4 mL sample vial equipped with a btar, was added anhydrous THF (2.0 mL)
before tetrabutylammonium fluoride (0.41 mL, 1.0 ddlution in THF, 0.41 mmol, 2.0
equiv.) was added under.NI'he mixture was allowed to stir at RT for 4 hdref saturated
aqueous NECI (5 mL) was added to the mixture and the layeesewseparated, the aqueous
phase extracted with EA (10 mL x 3), the combineglanic phase washed with, brine (5
mL), dried over anhydrous MgQ(efore being filtered and concentrated under reduc
pressure. Purification using silica gel chromatpbsa(eluent: hexanes/ethyl acetate = 5:1) to
afford 25 as a pale yellow oil (99.7 mg, 0.176 mmol, 86%)CT(hexanes/ethyl acetate =
2:1): R = 0.48; p]*% = +2.5 (c = 0.85, CHG); *H NMR (400 MHz, CDC}) & (ppm): 7.68-
7.66 (m, 4H), 7.41-7.34 (m, 6H9,59 (dt,J = 15.5 Hz, 7.2 Hz, 1H), 5.37 (dd,= 15.5 Hz,
5.9 Hz, 1H), 3.85-3.75 (m, 2H), 3.53 (dt= 9.0 Hz, 6.0 Hz, 1H), 3.39-3.33 (m, 1H), 2.71
(dd,J = 15.1 Hz, 5.6 Hz, 1H), 2.49 (dd,= 15.1 Hz, 6.4 Hz, 1H), 2.18 (bs, 1H), 2.16-2.11
(m, 1H), 1.92-1.87 (m, 2H), 1.73-1.70 (m, 1H), 1(459H), 1.45-1.32 (m, 6H), 1.04 (s, 9H),
1.03 (d,J = 6.6 Hz, 3H);"*C NMR (100 MHz, CDGJ) & (ppm): 171.9, 136.0, 136.0, 135.1,
134.7, 132.3, 130.1, 129.6, 129.5, 127.6, 127.51,88.9, 78.0, 71.0, 69.6, 40.5, 39.1, 33.1,
32.4, 31.5, 28.2, 27.2, 24.8, 23.3, 19.4; FTIR {(nd@Cl, cm®): 3418, 3071, 2932, 2857,
1960, 1892, 1823, 1730, 1589; HRMS (E®M)z Calcd for GsHs00OsSiNa [M+Na]:
589.3325; found: 589.3319.
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TBDPSO,,, TBDPSO,,,

Pr,NEt (10 eq.)
MOMCI (5.0 eq.)

DCE, 50°C, 4 h

O~__O'Bu OBu

0]

. MOMO""
25 96% 26

HO"

tert-butyl 2-((2R,3S,6R)-6-((S,E)-6-((tert-butyldiphenylsilyl)oxy)hept-1-en-1-yl)-3-
(methoxymethoxy)tetrahydro-2H-pyran-2-yl)acetate (26)

To tert-butyl 2-((2R,3S6R)-6-((SE)-6-((tert-butyldiphenylsilyl)oxy)hept-1-en-1-yl)-3-
hydroxytetrahydro-BR-pyran-2-yl)acetate?5 (96.1 mg, 0.17 mmol, 1.0 equiv.) in a 4 mL
sample vial equipped with a stir bar was addeddicBloroethane (1.7 mL) beford,N-
diisopropylethylamine (296uL, 219 mg, 1.7 mmol, 10 equiv.) was added followsd
chloromethyl methyl ether (6pL, 68.3 mg, 0.85 mmol, 5.0 equiv.). The mixture was
allowed to stir at 56C for 4 h before being concentrated under reducesspre. Purification
using silica gel chromatography (eluent: hexanbkygletcetate = 10:1) to affor2b as a pale
yellow oil (99.6 mg, 0.163 mmol, 96%). TLC (hexatetisyl acetate = 2:1): R 0.68; p]*%

= +15.8 (c = 0.62, CkCl,); *H NMR (400 MHz, CDCY) & (ppm): 7.67 (dd) = 7.9 Hz, 1.4
Hz, 4H), 7.41-7.34 (m, 6H), 5.58 (dt= 15.5 Hz, 7.2 Hz, 1H), 5.36 (ddi= 15.5 Hz, 5.7 Hz,
1H), 4.71 (dJ = 6.8 Hz, 1H), 4.59 (d] = 6.8 Hz, 1H), 3.84-3.77 (m, 2H), 3.68 (b= 8.8
Hz, 4.4 Hz, 1H), 3.36 (s, 3H), 3.29 (= 9.8 Hz, 4.3 Hz, 1H), 2.71 (dd= 14.9 Hz, 4.2 Hz,
1H), 2.36 (dd,J = 14.9 Hz, 8.2 Hz, 1H), 2.24-2.20 (m, 1H), 1.986L(m, 2H), 1.74-1.70 (m,
1H), 1.48-1.32 (m, 6H), 1.44 (s, 9H), 1.04 (s, 9H)3 (d,J = 7.7 Hz, 3H):*C NMR (100
MHz, CDCk) 6 (ppm): 171.0, 136.0, 136.0, 135.1, 134.7, 1323D.2, 129.6, 129.5, 127.6,
127.5, 95.3, 80.4, 77.9, 77.8, 75.6, 69.6, 55.79,3%9.1, 32.4, 31.2, 30.2, 28.3, 27.2, 24.8,
23.3, 19.4; FTIR (neat, NaCl, ¢t 3049, 2932, 2857, 1960, 1900, 1827, 1726, 1668S
(ESI)m/zCalcd for GeHss06Si [M+H] *: 611.3768; found: 611.3776.
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TBDPSO,,

5.0 M NaOH

t
EtOH,100 °C,
3 days
MOMO"" MOMO"
26 90% 27

2-((2R,3S,6R)-6-((S,E)-6-hydr oxyhept-1-en-1-yl)-3-(methoxymethoxy)tetr anydr o-2H-
pyran-2-yl)acetic acid (27)’

To tert-butyl 2-((2R,3S6R)-6-((SE)-6-((tert-butyldiphenylsilyl)oxy)hept-1-en-1-yl)-3-
(methoxymethoxy)tetrahydroF2pyran-2-yl)acetat@6 (89.7 mg, 0.147 mmol, 1.0 equiv.) in
a 4 mL vial equipped with a stir bar was added mth&l.5 mL) before aqueoi¢aOH (1.5
mL, 5.0 M, 7.5 mmol, 50 equiv.) was added and adidwio stir at 106C for 3 days. The
mixture was acidified with 3 M HCI (4 mL), extradtevith chloroform (12 mL x 4), washed
with brine (5 mL), dried over anhydrous Mggkefore being filtered and concentrated under
reduced pressure. Purification using silica gebofatography (eluent: DCM/MeOH = 20:1
to 10:1) to afford27 as a colourless oil (41.7 mg, 0.132 mmol, 90%). TDCM/MeOH =
10:1): R = 0.27; []*»> = +38.9 (c = 0.83, CH@). (Lit": [¢]*®% = +59.8 (c = 1.0, CHG); 'H
NMR (400 MHz, CDCY) & (ppm): 5.67 (dtJ = 15.5 Hz, 7.2 Hz, 1H), 5.45 (dd,= 15.5 Hz,
6.1 Hz, 1H), 4.72 (d) = 6.8 Hz, 1H), 4.60 (d] = 6.8 Hz, 1H), 3.89-3.86 (m, 1H), 3.82-3.76
(m, 1H), 3.70 (tdJ = 8.6 Hz, 3.4 Hz, 1H), 3.34 (s, 3H), 3.33-3.28 {IH), 2.87 (dd,) = 15.5
Hz, 3.2 Hz, 1H), 2.53 (dd] = 15.4 Hz, 8.2 Hz, 1H), 2.26-2.24 (m, 1H), 2.082(m, 2H),
1.79-1.76 (m, 1H), 1.58-1.38 (m, 6H), 1.18 Jd; 6.2 Hz, 3H);*C NMR (100 MHz, CDGJ)

o (ppm): 175.7, 132.6, 130.2, 95.3, 78.2, 77.4,,7682, 55.8, 38.7, 38.2, 32.3, 31.1, 29.9,
25.2, 23.5; FTIR (neat, NaCl, ¢t 3433, 2936, 1715, 1103, 1036; HRMS (E&l¥ Calcd
for CieH2806Na [M+Na]™: 339.1784; found: 339.1770.

"H. Fuwa, H. Yamaguchi and M. Sasakétrahedron2010,66, 7492-7503.
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3.1 Deter mination of enantiomeric excess by HPL C for 9:

uVv
12500001
] 3
1000000 =
] OTBDPS
7500007 MOAC
] rac-9
500000
250000
o
1 ' ' : — ™ 1PDAMuli 1
0 5 10 15 20 25 30
min
PeakTable
PDA Chl 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 10.440 86820408 973805 49.727 70.491
2 17.751 87773940 407648 50.273 29.509
Total 174594348 1381453 100.000 100.000
1500000
1250000 2
1000000; OTBDPS
7500001 AN ORC
9
500000
2500001
] 8
o S
1 ' ' ' I ' ' . —T~I1PDAMulli 1
0 5 10 15 20 25 30
min
PeakTable
PDA Chl 220nm 4nm
Pecak# Ret. Time Area Height Area % Height %
1 10.106 50412 2129 0.019 0.184
2 17.415 265144799 1154354 99.981 99.816
Total 265195211 1156483 100.000 100.000

HPLC trace oB (Chiralcel OJ, hexanes/2-propanol = 100:0, 0.5mih/ 220 nm)
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3.2 Deter mination of enantiomeric excess by HPL C for 13:

4%00000
i OBn
7500°°i o o) OH
= | / 0
500000- rac-13 OBu
250000
o ‘ . ' ' 1PDA Multi 1
100 125 15.0 175 .
min
PeakTable
PDA Chl 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
| 10.778 35718382 603334 49.170 63.756
2 15.352 36924915 342977 50.830 36.244
Total 72643297 946311 100.000 100.000
WY50000
] OBn
- (@) OH
- n S O
500000 z | /
I 13  OBu
250000+
0 = , . 1PDA Multi 1
10,0 125 15.0 175 _
min
PeakTable
PDA Chl 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
| 10.916 587066 10336 1.086 2.070
2 15.257 53474427 489091 98.914 97.930
Total 54061493 499428 100.000 100.000

HPLC trace ofL3 (Chiralcel OB-H, hexanes/2-propanol = 90:10, 110min, 220 nm)
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4. Optimization Tables:

4.1 Enzymatic kinetic resolution optimization

1) Novozyme 435

(33 mg/mmol) 2) TBDPSCI (1.2 eq)
OH Vinylacetate OAc OH Imidazole (1.5eq)  OTBDPS
3 + = —_— -
A~_OH  neat, RT, Time S~ _oac’_A_~_Ohc anhyd. DCM, N,, —~_~_-OAc
rac-6 Conc. 7 8 RT,2h 9
Conversion Yield, %ee

Entry Conc. Time Conv.' Yield® %ee
33M 5h  62% 29%° >99%
1.0M  3h  50% 46%  95%
33M  3h  50% 45% 94%
33M 35h 54%  42% >99%
33M  4h  57%  40% >99%)

g h W N =

[

" Determined using NMR based on ratio of products
2 Isolated yield over 2 steps 3 With isolation of 8

References:
a) Review: A. GhanenT,etrahedron2007,63, 1721-1754. b) F. Felluga, C. Forzato, F. Ghélfi,
Nitti, G. Pitacco, U. M. Pagnom@ndF. RoncagliaTetrahedron: Asymmetr2007,18, 527-536.

4.2 Mukaiyama Aldol optimization

® ® Y@
— — \\O Z O
R [ ag | ol
N N '

Ph Chiral pybox C

N N
ipF i N
Pr Chiral pybox A Pr Ph Chiral pybox B
InX; (Y eq.)
OBn Chirl pybox (Z eq.) OBn OBn OBn
o o OTBS Additive (K eq.) o  OTBS 0 OBu o OTBS
. R 3 3
| p )\OtBu anhyd. Solvent, | Y 0 | Y 0O | Y 0O
H 4A MS, Temp, 24 h ’ ’
12 (KSA eq.) 13a OBu 3 OBu 3¢ OH

Entry KSA | InX; Yeq.!Pybox Zeq. :Additive K eq. SM' 13a! 13b' 13¢

A 022

Solvent Temp

1 12 IOTH; 020! Lo - U DCM -40°C! 40% 25% 6% 15%

2 12 imOTH; 020} B 022 - - | DCM -40°C| 37% 30% 7% 16%

312 {In(OThH; 020 C o.zzi - - ! DCM -40°C ! 48% 23% 6% 14%
TS U B, 0051 A 006 | AgSbF, 0.05 | MeCN -20°C | 87% 1% - -

S L5 ! B, 005i B 006 | AgSbFg 0.05 | McCN -20°Ci 100% - - -

6 15} mB 005} C 006 | AgSbF  0.05 | MeCN 20°CT 90% - - -

! Isolated yields
References:
a. F.Fu, Y.-C. TeandT.-P. Loh,Tetrahedron Lett.2006,47, 4267-4269.
b. J.-F. Zhao, B.-H. TaandT.-P. Loh,Chem. Sci.2011,2, 349-352.
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References:

o, OTBS
OBu
H
(2.0 equiv)
OTBS
o 4 OBu
H (2.0 equiv)
OTMS
O
OBu
H (2.0 equiv)

(R,R)-Bolm's Ligand

(R,R)-Bolm's Ligand (15 mol%)

Fe(Cl04), L0 (5 mol%) ~ PBN
PhCOOH (6 mol%) ) OH/TBS
\ o}
DME/H,0=7:3, W
0°C, 18h 1313a  O'Bu
no product observed
in crude NMR
(R,R)-Bolm's Ligand (6 mol%)
Fe(OTf), (5 mol%) OBn
Pyridine (12 mol%) fe} OH/TBS
| . 0
DME/H,0=9:1, %
0°C, 18h 13/13a  OBu
no product observed
in crude NMR
(R R)-Bolm's Ligand (3.6 mol%) OBn
Fe(OTf), (3 mol%)
Pyridine (7.2 mol%) (0] OH
o)
DME/H,0=9:1, Ly
0°C,23h 13 O'Bu
no product observed
in crude NMR

a. T. OllevierandB. PlancqChem. Commun2012,48, 2289-2291.

b. T. Kitanosono, T.

12

References:

a. D.A. Evans, J. A. MurnandM. C. Kozlowski,J. Am. Chem. S0c996,118, 5814-5815.

OllevieandsS. KobayashiChem. Asian J2013,8, 3051-3062.
1. Chiral pybox B (10 mol%)
CuCl, (10 mol%)
AgSBF (20 mol%) OBn

o OTMS anhyd. DCM, N,, -78 °C, 24 h o OH

N R

0Bu 2. TBAF (2.0 eq.) L/ a
H (2.0 equiv) anhyd. THF, N, 13 OBu
0,
0°C-RT, 1h 70% yield over 2 steps
3%ee
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Me
N h(le

0=P-N—(CHy)s

N\
Me
2

(R,R)-Bisphosphoramide

(R,R)-Bisphosphoramide

(10 mol%) OBn
OBn OTBS SiCl, (1.3 eq.)
o 0. anhyd. DCM, N, | o OH °
W O'Bu -78 °C, 30 min /
H
12 1.5 eq. KF/KH,PO, Quench, 13 OBu
RT,2h
Entry  change from above SM' 13 Yield® 13 %ee
1 as shown above none 67% 71%
2 O-TMS KSA none 84% 59%
3 with TBAI (20 mol%) 4% 67% 73%
4 anhyd. THF 6% 76% 22%
5 anhyd. ether 25% 58% 22%
6 anhyd. toluene 12% 62% 0%

INMR vyield based on internal standard ZIsolated yield

References:
a. S. E. Denmark, T. WynandG. L. Beutner,). Am. Chem. Sqi2002,124, 13405-13407.
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4.3 Dynamic enzymatic Kinetic resolution optimipati

O0._R?
Acyl donor R \[]/ (xeq.)
0o

Ru-OBn Catalyst

s e rel® o
I o OH 5 K3P94 (1.0¢q.) | I 0 pAcO P:;h ‘ P:h
Y/ Toluene, Air, Temp. Duration Y Ru_
oc™ | _c
rac-13 OBu 134 OBu Cco
Entry Acyl donor (x)  (y) Lipase (z) Temp Duration Pdt Yield" Pdt %ee SM Yield'
1 IPA (1.5) 4 N435 (8) RT 109 h (2%) N.D.4 (95%)
2 IPA (1.5) 4 CAL-B (8) RT 109 h (3%) N.D# (97%)
3 IPA (1.5) 4 N435 (32) RT 109 h (6%) N.D.* (94%)
4 IPA (1.5) 4 CAL-B (32) RT 109 h (8%) N.D.4 (92%)
5 IPA (1.5) 2 N435 (8) RT 72 h (1%) N.D.# (99%)
6 IPA (1.5) 2 CAL-B (8) RT 72 h (1%) N.D.# (99%)
7 IPA (1.5) 4 N435 (200) RT 69 h 7% 40% 86%
8 IPA (1.5) 4 CAL-B(200)  RT 69 h 10% 40% 81%
9 IPA (1.5) 4 N435(200) 60 °C 69 h 30% 36% 59%
10 IPA (1.5) 4 CAL-B(200) 60 °( 69 h 27% 36% 58%
11 VB (1.5) 4 N435 (200) RT 120 h (1%) N.D.4 (97%)
12 VA (1.5) 4 N435 (200) RT 120 h (1%) N.D.4 (97%)
13 VB (5.0) 4 N435 (200) RT 120 h (1%) N.D.# (98%)
14 VB (1.5) 4 N435 (200) RT 120 h (1%) N.DA4 (97%)
15 VB (1.5) 15 N435 (200) RT 120 h (1%) N.D.* (96%)
16 VA (1.5) 4 Lipase PS (200) RT 70 h (5%) 36% (95%)
17 IPA (1.5) 4 Lipase PS (200) RT 70 h (7%) N.D.# (93%)
18 VB (5.0) 4 Lipase PS (200) RT 70 h (3%) N.D.4 (97%)
19 CPA (1.5) 4 Lipase PS (200) RT 70 h 80% 3% (1%)
20 VB (1.5) 4 Lipase PS (200) 70 70 h (15%) N.D.# (79%)
21 CPA (1.5) 4 Lipase PS (200) 70 70 h 68% 0% (14%)

solated Yields, NMR Yields shown in parenthesis using NO,Ph as internal standard 2 No Ru catalyst and
K;PO,, reaction in TBME 3 2.0 eq. of K3PO, used

References:

a. N.Kim, S.-B. Ko, M. S. Kwon, M.-J. KinandJ. ParkQOrg. Lett.,2005,7, 4523-4526.
b. J.Brem, A. Liljeblad, C. Paizs, M. I. §a, F.-D. IrimieandL. T. KanervaTetrahedron:

Vinyl Acetate (VA):

Vinyl Butyrate (VB):

R' = Vinyl, R?=Me
Isopropenyl Acetate (IPA): R'=Isopropenyl, R>= Me
R'=Vinyl, R?="Pr
p-Chlorophenyl Acetate (CPA): R!= p-Cl-phenyl, R2= Me

Asymmetry2011,22, 315-322.

c. P.Hoyos, V. PacandA. R. AlcantaraAdv. Synth. Catal2012,354, 2585-2611.
d. B.A. Persson, A. L. E. Larsson, M. Le RagdJ.-E. BackvallJ. Am. Chem. Sod999,121,

1645-1650.

N435:
CAL-B:

Novozyme 435

Lipase from Candida antarctica
immobilised on acrylic resin
Lipase PS: Lipase from Pseudomonas Cepacia
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4.4 Asymmetric transfer hydrogenation optimization

[Ru(p-cyemene)Cl,], (2.5 mol%)

(R,R)-TsDPEN (6 mol%)

OBn HCOOH/NEt; Azeotrope DBn
o) o) (0.5 mL/mmol) 0
| Y 0 Solvent, Temperature, 12 h l /
14 OBu

Entry Solvent Temperature Yield! Yoee
1 DCM RT 89%*  97%
2 ACN RT 99% 98%
3 DCM 40°C 99% 94%
4 ACN 40°C 98% 96%
53 ACN RT 98% 98%

!Isolated Yields 2 10% SM remaining 3 Inert conditions

References:

a. A. Fuijii, S. Hashiguchi, N. Uematsu, T. IkarigetdR. Noyori,J. Am. Chem. S0d996,118,

2521-2522.

b. R. NoyoriandS. HashiguchiAcc. Chem. Res1997,30, 97-102.

c. Lutz F. Tietze, Y. Zho@andE. TépkenEur. J. Org. Chem2000, 2247-2252.

d. P.N. Liu, P. M. Gu, F. WangndY. Q. Tu,Org. Lett.,2003,6, 169-172.

e. K. Everaere, A. MortreuandJ.-F. CarpentieAdv. Synth. Catal2003,345, 67-77.
f. S. GladialiandE. Alberico,Chem. Soc. Re\2006,35, 226-236.

[Ru(p-cyemene)Cl,], (2.5 mol%)

OBn (R.R)-TSDPEN (6 mol%) OBn
(0] (0] HCOONa (5 eq.) o)
| Y 0 H,0, Temperature, Duration | Vi
14 OBu

Entry  Temperature Duration Yield!' Yoee
1 RT 17h 87% 91%
2 40 °C 5h 92% 89%
3? 40°C 2h 97% 93%

!solated Yields. 2 [Cp*RhCl,], was used instead.

References:

a. X.Wu, X. Li, A. Zanotti-Gerosa, A. Pettman, J. L. J. Mills andJ. Xiao,Chem. Eur. J.,

2008,14, 2209-2222.

b. X.Wu, X. Li, W. Hems, F. KingandJ. Xiao,Org. Biomol. Chem2004,2, 1818-1821.
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4.5 Triple reduction optimization

B £
QBn 1) MCPBA, ON©BY oBn
o OH DCM, RT, 20 h . o
|/ o 2)Et,SiH (v eq))
0By BF3-OEt, (x €q.) HO™
13 anhyd. CH,Cly, N, 18
Temp, Duration
Entry  x y Conc. Temp  Duration Yield" of 17 Yield" of 18
1 30 60 02M 20 °C 43h 6% 41%
2 40 60 1.0M 20 °C 20 h 5% 31%
3 40 60 10M -78->-40°C 70h 5% 50%
4 40 60 02M -40 °C 36 h 2% 62%
(5 60 100 02M  -40°C  15h 8% 67% |
"lsolated yield
4.6 Takai iodo-olefination optimization
O _OBu Commercial CrCl, (7.0 eq.) O _OBu I
o) CHl; (2.0 eq.)
H Solvent, Temp, duration
TBSO" TBSO"
22 23-EIZ
Entry Solvent! Temp Duration Yield®> SM® E/z°
[ 1 THF RT 1h 82% - 81:19 ]
2 THF 0°C 3h 67% 5% 86:14
3 Dioxane/THF=6:1 RT 3h 63% 1% 88:12
4 Dioxane/THF=6:1 0°C 21h 64% - 89:11

" Anhydrous solvents 2 Combined Isolated yields 3 Determined from
crude NMR
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4.7 Nedqishi coupling optimization

activated Zn dust (x eq.)

TBDPSO,,

O._OBu TMEDA (y eq.) 0. OB
OTBDPS PdCl(Amphos), (z eq.) u
+ H +
S 99, TPGS-750-MHL0, .
TBSO" (3.0eq.) Ar, Temp., 24 h N TBSO"
23 11 TBSO'
Fragment B Fragment A 24
a1d] a1d2
Entry x y z Temp. Conc. Conv. Yield Eiz Yield
of 24 of 24  of 23-H
1 6.0 40 0.10 RT 03M 15% 0% - N.D*
2 30 50 015 40°C O01M 100% 74%  58:42 8%
3 30 50 015 40°C 02M 100% 76% 91:9 6%
4 60 50 015 40°C 01M 100% 79%  73:27 2%
5 6.0 50 015 RT 02M 31% 9% N.D* 11%
6 6.0 50 015 40°C 05M 100% 74% 91:9 11%
[ 7 6.0 50 005 40°C 05M 100% 68% >955 14% ]
8 40 50 005 40°C 05M 88% 59% >955 17%
9 30 20 001 40°C 05M 68% 45% >955 11%

TIsolated yields 2Determined from crude NMR 3Unactivated Zn dust “Not determined

23-H
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5.'H NMR and *C NMR Spectra
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6. X-Ray Structurefor rac-23
Cambridge Crystallographic Data Centre Deposition Number: 1047243

rac-23
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