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1. General Methods
All reactions sensitive to moisture and/or air were carried out usinggheatiried (630C)

glasswareunderan argon atmospher®ry sdvents CH2Cl>, EO, THF) were purified by
Solvent Purification System MRAUN Glovebox Technology SR800. Dry DMF was
obtained fromAcros Organics 99.8%, extra dry over molecular sie@y pyridine was
obtained fronBigma Aldrich, anhydrous, 99.8%ry MeNO; was obtained by distillation over
Cahkb. Dry 1,2dimethoxyethane was obtained by distillation over £€dbty TMEDA was
obtained by distillation over CaH Dry methanol (HiPerSolv CHROMANORMHPLC
GRADE) was obtained from VWR Chemicaolvents for olumn chromatography were used
after short path distillationusing a rotary evaporatorCommercial reagents were used as
received unless otherwise stated. All reactions were carried out under magnetic wstifring
Teflon coated stirring bamnd were monored by TLC analysis on 0.20 mm silica gel plates
(MachereyNagel G/UV254).Staining of TLC plates was performed wim acidic vanillin
solution (1g vanillin, 20mL conc. acetic acid, 1®L conc sulfuric acid, 170mL methanol)
and heatColumn chromatgraphy was carried out on silica gel 60(®04 0.063 mm)from
MachereyNagel and aluminium oxidéésic, Brockmann I, for chromatography; %00 nm,
60A) from ACROS OrganicsConcentration under reduced pressure was performed by rotary
evaporation at 40C. *H NMR and'3C NMR spectra were recorded on Bruker (ECP 400, AC
500, AV 700) or JEOL (ECX 400, Eclipse 500) instrumef@kemical shifts are ported
relative to CDG (*H: 7.26ppm;13C: 77.16 ppm) andCsDs (*H: 7.16ppm;*3C: 128.06ppm).
Chemical shifts are reported in parts per millionf@®ws: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartptz pentet sext = sextet,m = multiplet, o = broad
and combinations therépftoupling constant and integration. Integrals are in accordance with
assignments, couplingonstants are given in Hz. For detailed peak assignp2btspectra
were recordedvhen necessaryGOSY, DEPTHMQC, HMBC, TOCSY, GOESYNOESY).

IR spectrawere measured on d4ASCO FT/IR4100instrumentequipped with an ATRunit.
High resolution EShnalyses were performed on a Varian Inc. lonspec-QHigh resolution

El spectra werperformedon a Waers Autospec PremieDptical rotation measurements were
performedon a RP2000 polarimeter from Jasco in & dn opticatpath length cell with the
frequency of the Na line measured at the temperature and concentration (in gfl.Q0
indicated. The enantioeric excess was determined by chiral HPWLGing Agilent
Technologies 1200 seriagith a diode array detectoMelting points were measured with
Stuart melting point apparatus SMP3@d on a Reichert Thermvar Kofler hotstage

microscope and are uncorted.



2. Synthesis of Compounds
Compoundl7

LiAlH4, THF, 0 °C, 40 min
then Rochelle salt, DMF
KOH, 2-Me-C6H4CHzBr

45°C, 27 h -
(quant.)
15
C16H2602 Co4H3g0,
(250.38) (358.56)

To LiIAIH 4 (107mg, 2.81mmol, 0.70eq.)at 0°C was added a solution tafctonel5 (1.00g,
4.01mmol, 10eq) in THF (6 mL, flask rinsed with 2 X2 mL) over 5min. After 40 minof

stirring at the same temperaturechelle salt 1.36g, 4.81lmmol, 1.2eq), DMF (10 mL),

freshly ground KOH $00mg, 16.0mmol, 4.0eq) and 2Me-CgHsCH2Br (1.10mL, 1.52g,
8.22mmol, 21 eq) wereadded successively and the reaction mixture was theaib °C for

27 h. Water was added to the reaction and the mixture was diluted with EtOAc. The organic
phase was separated and the aqueous phase was extracted with EtOAc. The combined organic
extractavere washed repeatediyth brine, dried over MgSgfiltered and concentrated under
reduced pressure. The residue was puriflad flash column chromatography (Si§)
n-pentane/EtOAd.:0 to 10:) to affordether17 (1.43g, 4.01mmol, quani. as alight-yellow

oil.

R = 0.52(n-pentane/EtOAc 5:1).
[a]a =17 1 £ (c21.33, CHG).

'H-NMR (500MHz, CDCk): d [ppm]=7.301 7.28 (m, 1H), 7.22 7.14 (m, 3H), 4.58 4.48
(m, 2H), 3.64 (ddd) = 8.7, 5.4, 4.1 Hz, 1H), 3.38 (dd#i= 10.1, 8.7, 4.5 Hz, 1H), 3.24 (s, 1H),
2.34 (s, 3H), 1.90 (d] = 12.5, 32 Hz, 1H), 1.77 (ddt) = 15.3, 10.2, 5.2 Hz, 1H), 1.681.53
(m, 4H), 1.461 1.34 (m, 3H), 1.30 1.20 (m, 2H),2.187 1.10(m, 4H), 0.93i 0.82 (m, 5H),
0.79 (s, 6H).

13C-NMR (126 MHz, CDCE): d [ppm] = 136.7, 135.9130.4, 128.7, 128, 125.9 72.4, 722,
71.6,59.4,56.3, 44.2, 42.1, 39.7, 39.2, 33.6, 33.4, 25.5, 24.5, 21.6, 20.6, 19.0, 18.6, 15.4
IR (n/cm, ATR) = 3440, 2926, 2863, 1715, 1460, 1383, 1364, 1288, 1998 744.

HRMS (ESI): m/zcalculated forC24H3s02Na’ [M+Na]™: 381.2764 found381.2762

Note: On 45 g scale96% yield was obtained.
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Compoundl3 from 17

n-BuLi N
THF, -78 °C to —13 °C, 90 min
(44%)
17 13
C24H3802 C16H280
(358.56) (236.39)

To a solution of ethet7 (177mg, 458 mol, 1.0eq.) in THF 6mL ) a iC was7a@&ded a
solution ofn-BuLi (0.733mL, 2.5M in hexane,1.83mmol, 4.0eq.). After 10 min at that
temperature the react i°@(change aftoolingbatisphand stireed me d
for 90 min. Water was added and the reaction mixture was diluted with EtOAc. The organic
phase was separated and the aqueous phasetnager with EtOAc. The combined organic
extracts were washed with brine, dried over MgSidered and concentrated under reduced
pressure. The residue was purified by flash column chromatography (§i@ntane/EtOAc
1:0to 20:1 to 15:1 to 10:1) tofafd alkenel3 (48.2mg, 204mmol, 44%) as a white solid.

Crystals suitable for single crystatrdy diffraction were obtained after slow evaporation from
EtOAc/ih-hexane.

R = 0.50(n-pentane/EtOAc, 9:1).

[al4 =T 1 6(c #2.03, CHG)).

'H-NMR (500MHz, CDCE): d [ppm]=5.82 (dt,J = 16.8, 10.2 Hz, 1H), 5.26 (dd,= 10.2,
2.5 Hz, 1H), 5.15 (dd] = 16.9, 2.4 Hz, 1H), 1.944s 1H), 1.90 (dtJ = 12.6, 3.3 Hz, 1H), 1.75
(d,J=10.2 Hz, 1H), 1.77 1.64 (m, 1H), 1.56 (ttJ = 14.4, 3.7 Hz, 1H), 517 1.36 (m, 4),
1.387 1.23 (m,1H), 1.19 (s,3H), 1.14 (td,J =13.5, 12.8, 4.3 Hz1H), 0.93i 0.89 (m, 4H),
0.8971 0.85 (m, #), 0.81 (s, 3H).

13C-NMR (126 MHz, CDCEk): d [ppm]= 1351, 1206, 715, 677, 559, 422, 421, 409, 372,
336, 335, 252, 218, 202, 186, 159.

IR (n/cm, ATR) = 3462, 2993, 2923, 2869, 1462, 1386, 1188, 1128, 935, 911.

HRMS (ESI): m/zcalculated forCi6H280K™ [M+K] *: 275.1772, found 275.1784.

Mp =891 90 °C.

Note: For an attempted synthesisiaf see'.



Compoundl3 from 17 (gramscale eaction)

n-BulLi

THF, =78 °C to —13 °C, 90 min
(41%)

17 13
C24H3802 C16H280
(358.56) (236.39)

To a solution oktherl7 (4.72g, 13.2mmol, 1.0eq.) in THF (132nL ) a fC wasadled a

solution of n-BuLi (21.1mL, 2.5M in hexane 52.7mmol, 4.0eq.). After 10 min at that
temperature the react i°@hange of toolingebathgadsstirmadca r me d
for 90 min. Water was added arnlde reaction mixture was diluted with EtOAc. The organic
phase was separated and the aqueous phase was extracted with EtOAc. The combined organic
extractswere washed with brine, dried over Mg&@itered and concentrated under reduced
pressure. The resié was purified by flasholumnchromatography (Sig) n-pentane/EtOAc

1:0 to 20:1 to 15:1 to 10:1) to affoedkenel3 (1.27g, 5.45mmol, 41%) ag white solid.



Compoundl9

MesSi———
18
n-BuLi, THF, =78 °C, 2 h

_ _ Cl then TBAF, -78 °Ct0 23 °C, 24 h
(83%)

\
\
%

16 19
C10H17C| C13H20
(172.70) (176.30)

To a solution of A(trimethylsilyl)propyne(18) (9.52mL, 7.22g, 64.3mmol, 1.2eq) in THF
(120mL) at178°C was addea-BuLi (25.1mL, 2.5M in hexane 62.7mmol, 1.2eq). The
yellow solution was stirred fo2 h at that temperatureGeranyl chloride(16) (9.03g,
52.3mmol, 10 eq.) in THF 8 mL, flask rinsed with 2 x InL) was addedThe reaction mixture
was stirred fol h at1 78 °C. Tetrabutylammonium fluoridés8.0mL, 1 m in THF, 68.0mmol,
1.3eq) was added to the flask and the reaction mixture was allowed toZ28aCrover 24h.
Water was added and the reaction mixture was diluted with EtOAc. The organic phase was
separated and the aqueous phase was extracted with EtOAc. The combinedextgactis
were washed with brine, dried over Mg&@itered and concentrated under reduced pressu
The residue was purified by flasblumnchromatography (Sig)n-pentanéCHxCl, 0:1 to 1:)

to affordalkynel9 (7.64g, 43.4mmol, 8%) as aslightly yellowoil.

R = 0.80(n-pentang

IH-NMR (700MHz, CDCE): d [ppm] = 5.197 5.16 (m, 1H), 5.12 5.07 (m, 1H), 2.26 2.18
(m, 4H), 2.10i 2.05 (m, 2H), 2.03 1.98 (m, 2H), 1.94 (t) = 2.5 Hz, 1H), 1.68 (s, 3H), 1.62
(s, 3H), 1.60 (s, 3H).

13C-NMR (176MHz, CDCE): d [ppm]= 1369, 1316, 1244, 1226, 847, 682, 398, 273,
268, 258, 191, 178, 163.

IR (n/cmt, ATR) = 3309 2966, 2921, 2856, 2118, 1445, 131325, 1242, 1108

HRMS (El): m/zcalculated foiCi3H1g" [M-H]* 175.1481, found 175.1488.

The spectral data nehed previously obtained data.



Compound20

CpoZrCl, (25 mol%), AlMe,
CH,Cl,, H,0, -30 °C to -23 °C, 1 h

= = = = =
X then I, THF, 23 °C to 23 °C, 16 h '
(72%)
19 20
C13H20 C14H23|
(176.30) (318.24)

To a suspension of GrCl. (3.79g, 13.0mmol, 25 mol%) in CH>Cl> (200mL) at1 30 °C was
added AlMe (77.8mL, 2.0 M in toluene 156mmol, 30 eq). H.O (935ni, 51.9mmd, 1.0 eq)
was added slowly. The reaction mixture was warmet2®°C over 1h. Alkyne 19 (9.149g
51.9mmol, 10eq) in CHCl> (75mL) was added dropwise to the reaction mixtatehat
temperatureAfter 1h a solution of iodinel(5.8g, 62.2mmol, 12 eq) in THF (75mL) was
added dropwise at the same temperature. The reaction was allowed 23 &adver 15h. A
saturatecaqueoussolution of KoCOs (15mL) was addediropwise The reaction mixture was
diluted with CH2Cl>. The organic phase was sefadaand the aqueous phase was extracted
with CH.Cl,. The combined organiextractswere washed with brine, dried over Mg§0
filtered and concentrated under reduced pressure. The residue was purified loyplfiash
chromatography (Si¢) n-pentane) to affad vinyl iodide 20 (11.99g, 37.2mmol, 72%) asa

colorlessoil.

Rf = 0.92(n-pentang

IH-NMR (700MHz, CDCE): d [ppm] = 5.87 &ext, J= 1.1 Hz, 1H), 5.10 5.05 (m, 2H), 2.25
i 2.20 (m, 2H), 2.16 2.10 (m, 2H), 2.09 2.04 (m, 2H), 2.00 1.96 (m, 2H),1.84 (d,
J=1.1Hz, 3H), 1.69 (dJ = 1.4 Hz, 3H), 1.61 (SH), 1.59 (s3H).

13C-NMR (176 MHz, CDCB): d [ppm] = 1480, 136.2, 1386, 1244, 1231, 749, 398, 397,
269, 264, 259, 241, 179, 162.

IR (n/cm, ATR) = 2963, 2918, 2850, 1442, 13726l7, 1141, 833, 766, 664.

HRMS (El): m/zcalculatedCi4H23" [ MTT 11911794 found 191.1799.

The spectral data matched previously obtained.Hata

Note: The use of fresh GgrCl.andAlMes is necessary for reproducible yield.



CompoundS2

Procedure using Cordyoe-Lin ligand

K5,0s0,(0OH)4 (0.30 mol%)
Corey-Noe-Lin ligand (0.24 mol%)
K3Fe(CN)6, M6802NH2, KzCO3

t-BuOH/H,O 1:1, 1 °C, 53 h
(36%, 71% brsm, 94% ee)

20
Ci4Haosl
(318.24)

Corey-Noe-Lin ligand

QH
. ) = AN
i
S2
C14H2510;
(352.25)

o)

N
0.,
|
X N

N°

74 | : N
I
/\)O)

K20sQ(OH)s (3.5mg, 9.5nmol, 0.30mol%), KsFe(CN)} (3.10g, 9.43mmol, 30eq),
MeSQ:NH: (299mg, 3.14mmol, 10 eq), K2COs (1.309, 9.43g, 3.0eq.)and CoreyNoe-Lin
ligand (8.6 mg, 7.5mmol, 0.24mol%) weredissolved under stirring itBuOH/H20 (32mL,

1:1) at23°C. After solvationthe reaction mixture wasooled to 1°C and stirred for 3@nin.

Vinyl iodide 20(1.00 g, 3.14nmol, 10 eq) wasadded and the reaction mixture was stirred for

53 h at the same temperatuNd=aSCs (1.98 g, 15.9, 5.0eq) anda saturatecqueots solution

of N&SQO; (5 mL) were added at AC. After 30min the reaction mixture was allowed to warm

to 23 °C and was diluted with EtOAc. The organic phase was separated and the aqueous phase

was extracted with EtOAc. The combined orgasitractswere wahed with KOH(2 m) and

brine, dried over MgS#) filtered and concentrated under reduced pressure. The residue was

purified by flashcolumnchromatography (Sig§) n-pentane/EtOAc 5:1 to 4:1) to affodiol S2
(399mg, 1.13mmol, 36%, 71% brsm94% ee and ecovered vinyl iodide20 (490mg,

1.54mmol) ascolorlessoils.

Rf = 0.11(n-pentane/EtOAc, 5:1
[a]i =+94(c=1.38, CHQ).



IH-NMR (700MHz, CDCk): d [ppm] = 5.86 €ext J = 1.1 Hz, 1H), 5.15 5.10 (m, 1H), 3.33
(dd, J=10.6, 2.0 Hz, 1H), 2.2 2.21 (m, 3H), 2.19 (s, 1H), 2.162.11 (m, 2H), 2.09 2.03
(m, 1H), 2.01 (s, 1H), 1.83 (d,= 1.1 Hz, 3H), 1.61 (¢ = 0.9 Hz, 3H), 1.57 (dddd} = 13.8,
9.1, 7.1, 2.(Hz, 1H), 1.40 (ddddj = 14.0, 10.6, 8.8, 5.4z, 1H), 1.20 (s, 3H), 1.16 (s, 3H).
13C-NMR (176 MHz, CDCEk): d [ppm] = 147.8, 136l, 1239, 783, 750, 73.2, 39.5, 36, 299,
26.7, 263, 240, 234, 161.

IR (n/cmt, ATR) = 3407, 3057, 2924, 2853448, 1379, 1268, 1142, 1076, 766.

HRMS (ESI): m/zcalculated forCi14H2s102Na" [M+Na]* 375.079, found 375.0805.
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Procedure usinPHQD).PHAL

K,0s0,(OH), (0.50 mol%)
(DHQD),PHAL (0.52 mol%) OH
K3F€(CN)6, MeSOZNHz, K2C03 :

= = N - W|
t-BUOH/H,0 1:1, 1 °C, 71 h HO

(33%, 44% brsm, 97% ee)

20 S2
C14H23| C14H25|02
(318.24) (352.25)

K20sOQ(OH)s (20.4mg, 56.0 nmol, 050 mol%), KsFe(CN)} (11.0g, 33.5mmol, 3.0eq),
MeSOGNH: (1.05g, 11.0mmol, 1.0 eq), KoCGOs (4.619, 33.49, 30 eq.) and DHQD)PHAL
(44.9mg, 58.0mmol, 052 mol%) were dissolved under stirringtfBuOHH.O (116 mL, 1:1)
at 23°C. After solvation the reaction mixture wa&soled to 1°C and stirred for 30 mirvinyl
iodide20(3.54 g, 111 mmol, 1.0eq.) wasadded and the reaction mixture was stirred7fbh
at the same temperature.JS&s (7.01 g, 55.63, 50 eq.) anda sauratedaqueoussolution of

NaSO; (5 mL) were added at AC. After 30min the reaction mixture was allowed to warm to

23°C and was diluted with EtOAc. The organic phase was separated and the aqueous phase

was extracted with EtOAc. The combined orgasiractswere washed with KOH2 m) and

brine, dried over MgS#) filtered and concentrated under reduced pressure. The residue was

purified by flashcolumnchromatography (Si§) n-pentane/EtOAc 5:1 to 4:1) to affodiol S2
(1.28g, 3.64mmol, 33%, 446 brsm 97% ee and recoveredvinyl iodide 20 (896 mg,

2.81mmol) ascolorlessoils.
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Determination of absolute configuration: Mosher esteranalysisof S2
(S)-Mosher ester

Ph_F
/O
| ? © F
QH OZ\\\\J\CI O Q
= Ph (R) =

= Z CF
HW\(\ 5 HWI

CH,Cl,, NEts, 23 °C, 12 h

S2 (61%) s3
C14H25|02 C24H32F3|O4
(352.25) (568.41)

To a solution ofliol S2(8.0mg, 23mmol, 1.0eq) in CH2Cl> (0.5mL) at23 °C was added NEt
(25.2m., 182 nmol, 8.0eq), (R-MTPA-CI (8.50 ., 45.4nmmol, 2.0eq.) and DMAP (one
crysta) successively. The solution was stirfed 12 h. The solution was directlypurified by
flashcolumnchromatography (Si@ n-pentane/EtOAc 1:0 to 9)1o affordesterS3 asa white
solid (7.9mg, 14nmol, 619).

IH-NMR (500 MHz, CDCk): d [ppm] = 7.64i 7.58 (m, 2H), 7.43 7.38 (m,3H), 5.92i 5.83
(m, 1H), 5.05 5.01 (m, 1H), 4.98 (dd] = 9.9, 2.2Hz, 1H), 3.58 (s, 3H), 2.24 2.20 (m, 2H),
2.167 2.09 (m, 2H), 2.00 1.92 (m, 2H), 1.835 3H), 1.82i 1.75 (m, 1H), 1.65 (dtd] = 14.5,
9.6, 5.4 Hz, 1H), 1.55 (8H), 1.51 (sr, 1H),1.18 (s, 3H), 1.14 (s, 3H).

HRMS (ESI): m/zcalculated forCo4HzoF3104Na” [M+Na]* 591119Q found 591.1199.

(R)-Mosher ester

F
Ph|_F
/O\V<
|0 ®: F

7
o O/ﬁ)km 0”0
= ph (S z
HO HO

CH,Cly, NEts, 23 °C, 12 h

S2 (44%) sS4
C14H2510; Co4H32F 3104
(352.25) (568.41)

To a solution ofliol S2(7.3mg, 21nmol, 1.0eq) in CH2Cl> (0.5mL) at23 °C was added Nkt
(23.0nL, 166 mmol, 8.0eq), (9-MTPA-CI (7.76 nL, 41.4mmol, 2.0eq) and DMAP ¢6nre
crysta) successively. The solution was stirfed 12 h. The solution was directly purified by

flashcolumnchromatography (Sie) n-pentane/EtOAc 1:0 to 9:1) to affoesterS4asawhite
solid (5.2mg, 9.1nmol, 44%).
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IH-NMR (500 MHz, CDCE): d [ppm] = 7.657 7.61 (m, 2H), 7.43 7.39 (m,3H), 5.88i 5.86
(m, 1H), 5.01 4.98 (m, 1H), 4.97 (dd] = 10.2, 2.1 Hz, H), 3.57 (s, 3H), 2.25 2.19 (m, 2H),
2.147 2.08 (m, 2H), 1.89 1.84 (m,2H), 1.83 &, 3H), 1.75i 1.65 (m,1H), 1.62i 1.57 (m,
1H), 1.51 (s;3H), 1.28 (s, 1H)1.23 (s,3H), 1.16 (s, 3H).

HRMS (ESI): m/zcalculated forCz4Hz2F3104Na” [M+Na]* 591.1190found 591.1186.

The assignments wenesolved usingNMR spectroscopic methodsH, COSY, HVQC,
HMBC. The comparison of both esters shoRsdonfiguration at €3.*
A8 [(S)-MTPA — (R)-MTPA] =

MTPA

+0.10 +0.04 +0.01 +0.01

-0.05 >
= ZZ
HO +0.08 +0.01
+0.06

-0.02 +0.04 +0.00
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HPLC -Analysis of S2
HPLC-Analysis was perfored using Chiralpak 1A, 3% EtOHéare, 20 °C, ImL/min.

1) Racemic mixture

mAU

[+

[+

|

\ \

I \

———— —’f—f‘J \IIL_JW HJ"‘-"'\_—A-——____—q___ R N /“‘\__._______JJ 7k{j _ \I__7_ -
! ! ! ! | ! ! ! ! I ! ! I ! ! ! ! I ! ! ! I !

5 10 15 20 25 min

r

N
ol b b b by

[=)

Signal 4: DADLl E, Sig=270,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*=] [mAT] %
=== [——== === | === [—==—= [ === |
1 0.4864 207.27090 7.10185 50.2642
2 0.5272 205.09232 6.483¢66 49.7358
Totals : 412 .36322 13.58551

2) S2synthesized using CNligand

mAU Y o
154 NS

] o
1254
10
752 ‘I »
25 b

0 ___ — ‘{J\.JJlL_A—‘_ N .i%ﬁ_. — -

Signal 4: DADL E, Sig=270,4 Ref=360,100

Peak RetTims Type Width Lrea Height Area
¥ [min] [mAU] E

€.98630e-1 2.9980

17.312e3 97.0020

-

Totals : 595.74914 18.0112¢
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3) S2synthesized using (DHQBERHAL-ligand

6
43 o [l &

24 \ gy

0 _f_.__ — A —

] (]
mAU = . .{L‘b
104 o
'2-‘"

Signal 4: DADl E, S5ig=270,4 Ref=360,100

Peak RetTime Type Width Brea Height Area
# [min] [min] [mAU*5] [mATT]
=== e i | ————————- [ [—=—————- I
1 19.133 MM 0.3903
2 20.322 MM 0.4445
Totals
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CompoundlL4
MsCl, pyridine, CH,Cl,

OH 0°Cto23°C,15h o
: _ _~, _thenMeOH, K,CO; 23°C, 4h W'
HO (81%, 89% brsm.)
S2 14
C14H2510; C14H2310
(352.25) (334.24)

To a solution ofdiol S2 (1.52g, 4.31mnwol, 1.0eq) in CHxCl> (13 mL) at 0°C was added
pyridine 6.20mL, 650mmol, 15eq) and MsCI 867mn, 543mg, 4.74mmol, 1.1eq)
sequential}. The reaction mixture was allowed to warn2®°C over15 h. Methanol 60 mL)
and KCOs (5.95g, 43.1mmol, 10eq) were added sequentially é23°C and the reaction

mixture was stirred fo4 h. Thereaction mxture was concentrated under reduced pressure. The

residue was diluted wit@H.Cl, andwater. The organic phase was separated and the aqueous

phase was extracted wi@tHCl.. The combined organ&xtractswere washed with saturated
aqueous solutiorof CuSQw and brine,dried over MgS@), filtered and concentrated under
reduced pressure. The residue was purified by fleslimn chromatography (Si§) n-
pentane/EtOAc 50:1 to 3:1) to affospoxidel4 (1.169g, 3.48mmol, 81%, 89% brsm) asa

slightly yellow oilandrecovered dio§2 (140 mg, 397 nmol) asa colorlessoil.

Rf = 0.54(n-pentane/EtOAc, 10)1
[a]%‘*’:r 2.66(c = 0.45, CHCY).

IH-NMR (700MHz, CDCk): d [ppm]=5.897 5.86 (m, 1H), 5.15 5.10 (m, 1H), 2.69 (t,
J=6.2 Hz, 1H), 2.25 2.21 (m, M), 2.19i 2.11 (m, 3H), 2.08 (dt] = 14.4, 7.5 Hz, 1H), 1.84
(s, 3H), 1.64i 1.60 (m, ), 1.31 (s, 3H), 1.26 (s, 3H).

13C-NMR (176 MHz, CDCE): d [ppm] = 1478, 1354, 1237, 749, 643, 585, 396, 365, 276,
264, 251, 241, 189, 162.

IR (n/fcmt, ATR) = 2958, 2923, 2855, 1447, 1377, 1322, 1267, 1139, 1120, 872.

HRMS (ESI): m/zcalculated foiCi14H2410" [M+H] *: 335.086, found335.0869.
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Compoundl?2

(9-BBN),,85°C,4 h
then 14

Pd(dppf)Cl, (10 mol%)
AsPh3 (40 mol%)

NaOH, THF, 1 °C, 18 h
C16H280 - >
(236.39) (77%)

13

C30oH520,
(444.73)

14
C14H2310

(334.24)
Alkene 13 (1.18g, 4.97mmol, 1.4eq) and9-BBN dimer (1.21g, 9.94mmol, 2.8eq) were
combined andtirredfor 5 min thenthe reaction flaskvasheatedo 85 °C for 4h. The reaction
flask was allowed to cool t83 °C and THF (0mL, degassed by freeze pump thaw 3x) was
added. The reaction flaskascooled to C and NaOH 7.10mL, 3 M, 21.3mmol, 6.0eq,
purged with Ar for 20nin) was addedropwise A solution ofepoxide 14 (1.19g, 3.55mmol,
1.0eq.)and AsPhk (435mg, 1.42mmol, 40mol%) in THF 6 mL, purged with Ar for 20min,
the flask was rinsed 2xith 1 mL) was addedo the reaction mixturel he reaction mixture/as
purged with Ar for 5min. Pd(dppf)Cd (260mg, 355mmol, 10mol%) was added anthe
reaction mixturewas stirred at 2C for 18 h. Water andEtOAc were added to threaction
mixture sequentially. le organic phase was separated and the aqueous phase was extracted
with EtOAc. The combined organiextracts were washed with brinejried over MgS@)
filtered and concentrated under reduced pressure. The residue was purified loplfiasi
chromatography (Si§) n-pentane/EtOAc 40:1 to 1:1) to afforepoxy dienol 12 (1.22g,

2.75mmol, 77%) asa colorlessoil.

Rf = 0.64 (n-pentane/EtOAc, 5:1)
[a]i =+0.52(c=0.64, CHCY).

IH-NMR (700MHz, CDCE): d [ppm] = 5.207 5.13 (m, 2H), 2.70 (&) = 6.3 Hz, 1H), 2.19

2.11 (m, 1H), 2.11 2.03 (m, 5H), 1.99 () = 7.7 Hz, 2H), 1.86 (di) = 12.3, 3.2 Hz, 1H), 1.69

i 1.62 (m, 4H), 1.62 1.61 (n, 3H), 1.61i 1.60 (m, 3H), 1.60 1.55 (m, 2H), 1.46 1.40 (m,

2H), 1.40i 1.33 (m, 2H), 1.29 (s, 3H},.27i 1.24 (m 4H), 1.20 (s, 1H), 1.15 (dd,= 13.6, 4.2
17



Hz, 1H), 1.12 (s, 3H), 1.03 (§,= 4.0 Hz, 1H), 0.97 (td) = 13.0, 3.8 Hz, 1H), 0.91 (dd,=
12.2, 2.4 Hz, 1H), 0.86 (s, 3H), 0.78 (s, 6H).

13C-NMR (176 MHz, CDCb): d [ppm] = 135.1, 134, 1253, 1251, 742, 643, 617, 585,
563,447,422, 399, 398, 393, 365, 336, 334, 316, 276, 268, 257, 251, 240, 217, 207,
18.9, 18.6, 16, 162, 156.

IR (n/cmit, ATR) = 3479, 2924, 2852, 1458, 1384, 1249, 11884, 938, 756.

HRMS (ESI): m/zcalculated foiCsoHs20:Na" [M+Na]* 467.3859, found 467.3867.

18



CompoundlO and compoun@1

EtAIC,

CH,Cl, (1 mM), =78 °C, 1.5 h
(20% 10, 12% 21)

10 [X-Ray]
C30H5202 C30H5202 C30H5202
(444.73) (444.73) (444.73)

To a solution oEEtAICI,> (0.20mL, 1 M in hexare, 0.20mmol, 3.0eq) in CH2Cl> (33 mL) at

78°C was added a precooled solutionegoxydienol12 (29.3mg, 66.0nmol, 1.0eq) in
CH2Cl> (33 mL) over 1h (cannula passing through dry icdhe reaction mixture wathen
stirred for 30min at the same temperature. Ngdg, 0.2mL) and MeOHH20 (4:1,0.2mL)
wereadded successively. The reaction mixture was allowed to B2y and thera solution
of saturateéiqueoufRochelle salt was added. The organic phase was separated and the aqueous
phase was extracted wiH>Cl.. The combined organextractsvere washed with brinelried
over MgSQ, filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography (Si§) n-pentane/EtOAc 1:0 to 15:1 to 10:1 to 5:1) to afford
alcohol10 (5.9 mg, 13nmol, 20%) asa white solidandoxane21 (3.4mg, 7.6nmmol, 1299 as
a colorless oll Crystals of10 suitable for single crystal-Xay diffraction were obtained after

slow evaporation fror€H.Cl,/MeCN.

CompoundlO
Rf = 0.48(n-pentane/EtOAc, 9:1).

[a]+ = +6.3(c = 0.49,CH,Ch).

IH-NMR (700MHz, CeDe): d [ppm] = 3.03i 2.96 (m, 1H), 1.94 (ddt] = 16.0, 12.8, 3.3 Hz,
2H), 1.82i 1.65 (m, 4H), 1.64 1.48 (m, 3H), 1.47 1.39 (m, 6H), 1.37 1.32 (m, 3H), 1.36
(s, 3H), 1.35 (s, 3H), 1.221.15 (m, 4), 0.95 (s, 3H), 0.91 0.89 (m, 1H), 0.87 0.82 (m,
3H), 0.85 (s, 3H), 0.79 (s, 3H), 0.79.73 (m, 1H), 0.74 (s, 3H), 0.74 (s, 3H), 0.68 (s, 3H).
13C-NMR (176 MHz, CsDe): d [ppm] = 80.1, 79.9 784, 61.1(2C), 566, 555, 45.8, 455, 423,
406,392, 391, 38.9, 38.7, 33, 33.6, 284, 281, 25.7, 25.52C), 253, 218, 21.2, 208, 19.3,
16.1(2C), 15.7.

IR (n/cm?, ATR) = 3394, 2924, 2855, 1458, 1377, 1283, 1187, 1126, 1084, 1043.
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HRMS (ESI): m/zcalculated for GHs.0-Na" [M+Na]* 467.3%9, found 4673848.Mp = 197
i 199°C.

Note: The use of frestEtAICI> is necessary for reproducible yield0 showed signs of
decompositiorafter treatmenivith CDCk (unpurified)for 12 h.

Compound?21
Rt = 0.50(n-pentane/EtOAc, 9:1)

[al- =T 3 (c&0.28,CH;Ch).

IH-NMR (700MHz, CeDe): d [ppm] = 3.01 (dd,J = 11.2, 4.1 Hz, 1H), 1.99 1.90 (m, 1H),
1.867 1.81 (m, 1H), 1.71 1.67 (m, 1H), 1.66 1.28 (m,20H), 1.30 (s, 3H), 1.17 (s, 3H), 1.11
i 1.09 (m, 1H), 1.03 (s, 3H), 1.01 (= 6.7 Hz, 3H), 0.91 0.89 (m, 1H), 0.86 0.84 (M,2H),
0.85 (s, 3H)0.81 (s, 3H), 0.78 (s, 3H), 0.68 GH).

13C NMR (176 MHz,CsDe): d [ppm] = 80.8, 789, 75.0, 57.1, 54.5, 47.5, 45.23.6 42.4, 40.0,
39.1, 38.3 373, 335, 334, 32.9, 32.1, 28.8, 28.2, 26.24.3 215 (2C), 21.219.1, 18.0, 17.5
16.0, 155, 15.2.

IR (n/cmt, ATR) = 3415, 2927, 2867, 1462, 1380, 1322, 1045, 1017, 998, 976.

HRMS (ESI): m/zcalculated for Hs20:Na" [M+Na]* 467.3&9, found 467.3850.
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Compound22

4-DMAP, CH,Cl,
50 °C, 3 d
(73%)

C30Hs5202 C37Hs55BrO;

(444.73) (627.73)
To a solution ofoxane21 (3.6 mg, 8.1mmol, 1.0 eq.) in CkCl> (1 mL) at23°C was added
N,N-dimethyt4-aminopyridine (19.8mg, 162mmol, 20 eq.) and 4bromobenzoyl chloride
(9.1mg, 41 nmol, 5.0eq.). The reaction mixture was stirred f8rd at 50 °C in aclosed vial.
The residue wadirectly purified by flashcolumnchromatography (Sig)n-pentane/EtOAc 1:0
to 201 to 5:1) to affordester22 (3.7mg, 5.9nmol, 73%) asawhite solid Crystals suitable for
single crystal Xray diffraction were obtained aftetow evaporation from,2-dichloroethane,

2-propanol andenzene.

Rf = 0.80 (n-pentane/EtOAC9:1).
[a]a =1 2 (c£40.07, CHQ).

IH-NMR (700MHz, CDCk): d [ppm] = 11 7.91 (d,J = 8.5 Hz, 2H), 7.58 (d] = 8.5 Hz, 2H),

4.691 4.62 (m, 1H), 1.94 1.86 (m, 1H), 1.85 1.79 (m, 1H), 1.79 1.69 (m, 3H), 1.68 1.58

(m, 6H), 1.49 1.35 (m, 6H), 1.27 1.24 (m,6H), 1.22i 1.16 (m, 2H), 1.14 1.08 (m, 2H),

1.04 (s,3H), 1.01 (s, 3H), 0.92 (dl = 6.6 Hz, 3H), 0.89 (s, 3H), 0.8§90.86 (m, 2H), 0.B (s,

3H), 0.78 (s, 3H), 0.73 (s, 3H).

13C-NMR (176 MHz, CDCh): d [ppm] = 165.9, 131.82C), 131.2(2C), 130.0, 128.0, 82.6,
80.7,75.1, 56.9, 54.0,47.4, 44.8, 43.3, 42.3, 39.7, 38.2, 38.1, 37.2, 33.5, 33.4, 32.4, 31.7, 28.7,
26.2,24.2,24.0,21.4,21.2,21.0,18.8,17.6,17.2,16.7, 15.9, 15.0.

IR (n/cmt, ATR) = 2925, 2854, 1718, 1591, 1461, 1396, 1377, 1271, 847, 757.

HRMS (El) : m/zcalculated for @Hss0sBr* [M] *: 626.3329 found 626.3308.

Mp = 1827 184 °C.
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Cupacinoxepird

DMP, CH,Cl,, 23 °C, 4 h
then AcOOH, NaOAc, 17 h
then AcOOH, NaOAc, 5 h

(66%)
10 4
e
' (458.72)

To a solution ofallcohol10 (5.7 mg, 13 mmol, 1.0eq.)in CH-Cl> (2.5 mL) at23 °C was added
DessMartin periodinare (DMP)® (10.9mg, 26nmol, 2.0eq.). The reaction mixture was stirred
for 4 h. Afterwards NaOAc 34.9mg, 256mmol, 20eqg.) and AcOOH Z4.6n., 27.8mg,

128 mmol, 35% in acetic acid,0 eq.) were added successively. The reaction flask was covered
with aluminum foil and stirré for 17 h. Another portion oNaOAc (34.9mg, 256mmol, 20eq.)

and AcOOH (24.6rL, 27.8mg, 128nmol, 35% in acetic acid, 1€q.) were added successively.
The reaction mixture was stirred forh5The residue wadirectly purified by flashcolumn
chromabgraphy (SiQ, n-pentane/EtOAc 1:0 t@0:1 to5:1 and AfOs, n-pentane/EtOAc 1:0 to
5:1and SiQ, toluendEt,O 5:1 to 1:) to afford cupacinoxepid (3.9 mg, 8.5nmol, 66%) asa
white solid. Crystals suitable for single crystalrdy diffraction were obtaed after slow

evaporation from acetem-hexare.

R = 0.40 (n-pentane/EtOAc, 4:1)
[a]a =+49.0 (c = 0.04, CHCEB) [Lit7:[a]i = +56.4(c= 1.3 CHCB)].

IH-NMR (500 MHz, CDCk): d [ppm] = 2.66 (td,J = 13.8, 4.8 Hz, 1H), 2.48 (ddd,= 14.2,
5.2, 3.5 Hz, 1H), 1.98 1.81 (m, 3H), 1.80 1.69 (m, 4H), 1.69 1.58 (m, 3H), 1.59 1.49 (m,
5H), 1.48 (s, 3H), 1.47 1.39(m, 2H), 1.36 (s, 3H), 1.361.32 (m, 2H), 1.29 (s, 3H), 1.25 (s,
3H), 1.247 1.17 (m, 2H), 1.13 (tdJ = 13.5, 4.3 Hz, 1H), 1.00 (s, 3H), 0.8D.86 (m,2H),
0.85 (s, 3H), 0.77 (s, 3H), 0.74 (s, 3H).
13C-NMR (176 MHz, CDC): d [ppm] = 1750, 859, 805, 789, 614, 610, 563, 52.2 45.3,
437, 421, 41.2 40.5, 403, 39.0, 336 (2C), 326, 30.8, 274, 26.5 260, 255, 252, 242, 21.6,
209, 19.0, 18.4, 6.0.
IR (n/cm?, ATR) = 2922, 2854, 1719, 1459, 1375, 1286, 118122, 977, 753.
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HRMS (EI): m/zcalculated forCsoHseOs" [M] *: 458.3754 found 458.3776.
Mp: 2041 207 °C.
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Thiocarbamat&s

1,1'-thiocarbonyldiimidazole
4-DMAP, CH,ClI,, 70 °C

(83%)

10 S5
C30H5202 C34H54N2023
(444.73) (554.87)

To a solution of alcohdl0 (8.2mg, 18nmmol, 1.0eq.) in CHCI, (2.5mL) at23 °C was added
1,1thiocarbonyldiimidazad (69.2mg, 369nmol, 20eq.) andN,N-dimethyt4-aminopyridine
(45.1mg, 369mmol, 20eq.). The reaction mixture was stirred for 1B.b a pressure tube at
70°C. The residue was directly purified by flash column chromatography 2,(SiO
n-pentane/EtOAc 1:0 to 10ib 5:1) to affordthiocarbamatés5 (8.5mg, 15mmol, 83%) as a

white solid.

R = 0.32(n-pentane/EtOAc, 9:1).
[a]a =+36.2(c =0.71 CHCL).

IH-NMR (700MHz, CsDs): d [ppm] = 8.41 (s, 1H), 7.52 7.48 (m, 1H), 7.02 6.95 (m, 1H),
5.12 (dd,J = 12.0, 4.7 Hz, 1H), 1.97 (di,= 12.6, 3.2 Hz, 1H), 1.87 (di,= 12.8, 3.2 Hz, 1H),
1.847 1.73 (m, 4H), 1.68 1.55 (m, 4H), 1.51 (dt] = 13.3, 3.7 Hz, 1H), 1.481.45 (m, 1H),
1.45i 1.40 (m, 1H), 1.40 1.35 (m, 5H), 1.34 1.31 (m, 4H), 1.27 1.11(m, 6H), 1.0& 1.00
(m, 1H), 0.89 0.87 (m,4H), 0.861 0.83 (m, 1H), 0.82 (s, 3H), 0.79 (s, 3H), 0.70 (¥id,12.3,
2.3 Hz, 1H), 0.66 (s, 3H), 0.65 (s, 3H), 0.60 (s, 3H).

13C-NMR (176 MHz, CeDs): d [ppm] = 184.6, 1367, 131.6, 1183, 911, 803, 796, 60.9, 607,
56.6 550, 45.5, 45.5, 42.3, 40.7, 39.2, 38.6,83881, 337, 33.6, 28.0, 25.8, 26, 25.3, 251,
22.6, 218, 213, 203, 19.3, 17.3, 1@, 159.

IR (n/cmt, ATR) = 2948, 2865, 1530,4b61, 1385, 1281, 1230, 1127, 1092, 970.

HRMS (ESI): m/zcalculated forCz4HssN20-S" [M+H] *: 555.3979, found 555.3988.

Mp: 199- 202°C.
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Onoceranoxidg

S
NN
s

n-BuzSnH, AIBN, toluene
160 °C to 120 °C

o

(93%)
S5 7

C34H54N20,S C3oH520

(554.87) (428.73)

To a solution othiocarbamaté&5(6.0mg, 11nmol, 1.0eq.) in tolu@e (4.0mL, degassedy
sparging with Ar for 20 minpat23 °C was addeah-BusSnH (8.7 L, 9.4mg, 32mmol, 3.0eq.)

and AIBN (one crystal). The reaction mixture was stirred fomifat 160°C and for 20min

at 120°C in a pressure tube. Another portionneBusSnH (8.7, 9.4mg, 32mmol, 3.0eq.)

and AIBN (one crystal) were added and the reaction mixture was stirred fioinlft 160°C

and for 20min at 120°C in a pressure tube. The solvent was evaporated and the residue was
directly purified by flastcolumn chromatography (S¥¢n-pentane/EtOAc 1:0 to 50:1 to 10:1)

to affordonoceranoxid& (4.3 mg, 10mmol, 93%) as a white solid.

R = 0.25(n-pentane).
[a]a =+19.7(c =0.36 CHCE) [Lit8:[a]i =+7.9] [Lit9:[a]§ =+0.02(c =0.16, GHCl3].

IH-NMR (700MHz, CDCE): d [ppm] = 1.797 1.72 (m, 6H), 1.60 1.56 (m, 6H), 1.44 1.38
(m, 4H), 1.35( 1.33 (m, 28, 1.27i 1.25 fn, 8H), 1.22i 1.21 (m, 2H), 1.14 1.10 (m 2H),
0.89i 0.87 (m, 4H), 0.85 (s, 6H), 0.77 (s, 6H), 0.74 (s, 6H).

IH-NMR (700MHz, CsDs): d [ppm] = 1.97 (dt,J = 12.7, 3.3 Hz, 2H), 1.84 1.71 (m, 6H),
1.637 1.54 (m,4H), 1.507 1.46 (m, 2H), 1.42 1.26 (m, BH), 1.20i 1.11 (m,4H), 0.89i

0.82 (n, 10H), 0.80 (sBH), 0.76 (s, 6H).

13C-NMR (176 MHz, CDCk): d [ppm] = 80.1(2C), 60.9(2C), 56.3(2C), 45.4(2C), 422 (2C)

40.5(2C), 390 (2C), 33.6(2C), 336 (2C) 25.4(2C), 251 (2C), 217 (2C) 20.9(2C), 191
(2C), 15.9(2C).
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13C-NMR (176 MHz, CeDs): d [ppm] = 80.1(2C), 61.3(2C), 56.5(2C), 45.8(2C), 42.3(2C),
40.7 (2C), 39.1(2C), 337 (2C) 33.6(2C), 257 (2C), 254 (2C), 218 (2C) 212 (2C) 19.3
(2C), 16.1(2C).

IR (n/cmt?, ATR) = 2989, 2927, 2857, 1459, 1371, 1261, 1193, 1086, 1024, 9

HRMS (ESI): m/zcalculated foiCzoHs2ONa" [M+Na]*: 451.3910, found 451.3907.

Mp: 203- 205°C.

Note: For a previous enzymatic synthesis,%ee:

26



8a-hydroxypolypodal3,17,219

(9-BBN),, 85 °C,5h
then 14

Pd(dppf)Cl, (15 mol%)
AsPh3 (45 mol%)

NaOH, THF, rt, 17 h
C1H280 - >
(236.39) (63%)

+

13

= = N

20
Rt @)

Alkene 13 (0.201g, 850nmol, 1.0eq.) and BBN dimer (259 mg, 2.13mmol, 2.5eq.) were
combined and stirred for 5 min, then the reaction flask was heated@®f865h. The reaction
flask was allowed to cool t83°C and THF (10mL, degassed by freeze pump thaw 3x) and
NaOH (1.70mL, 3M, 510 mmol, 6.0eq., purged with Ar for 2nin) was added. A solution
of vinyl iodide 20 (547 mg, 1.72mmol, 2.0eq.) and AsPh(117 mg, 0.383mmol, 45mol%) in
THF (4 mL, purged with Ar for 20min, the flask was rinsed 2x with OmilL) was added to the
reaction mixture. The reaction mixture was purged with Ar famifa Pd(dppf)Cl (93.3mg,
128 mol, 15mol%) was added and the reaction mixtusvstirredat 23°C for 17 h. Water
and EtOAc were added to the reaction mixture sequentially. The organic phase was separated
and the aqueous phase was extracted with EtOAc. The combined organic extracts were washed
with brine,dried over MgS@ filtered and concentrated under reduced pressure. The residue
was purified by flash column chromatograp®y,, n-pentane/EtOAc 50:1 to 10:19 afford
triene9 (229 mg, 534mmol, 63%) as a slightly yellow oil.

Rf = 0.54(n-pentane/EtOAc, 19:1).
[a]K:T 0 .(8=0.77, CHCB), [Litlo:[a]izi 0 (c&0.4 CHCB)],

[Lit'[a]——=T 0 (c&0.75, CHCh)], [Lit'#[a]-—=T 1 (c8& 0.1, CHCb)].

IH-NMR (500MHz, CDCE): d [ppm] = 5.217 5.16 (m, 1H), 5.14 5.06 (m, 2H), 2.12 2.03

(m, 6H), 2.02 1.93 (m, 4H), 1.86 (d] = 12.1, 3.1 Hz, 1H), 1.68 (s, 3H), 1.61.62 (m,1H),

1.61 (s, 3H), 1.60 (§H), 1.5 1.54 (m, 1H), 1.48 1.14 (m,9H), 1.13 (s, 3H), 1.03 (] =
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4.0 Hz, 1H), 0.98 (tdJ = 13.0, 3.7 Hz, 1H), 0.91 (dd,= 12.1, 2.3 Hz, 1H), 0.87 (s, 3H), 0.79
(s, 6H).

13C-NMR (126 MHz, CDCb): d [ppm] = 135.3, 135.1, 131.4, 125.2, 124.6, 124.4, 78127,
56.3, 44.7, 42.2, 39.@C), 39.3, 33.6, 33.4, 31.6, 26.9, 26.8, 25.9, 25.7, 23.9, 21.7, 20.7, 18.6,
17.8,16.4, 16.2, 15.6.

IR (n/cmt, ATR) = 3424, 2925, 2860, 1450, 1383, 1157, 1080, 934, 822, 802.

HRMS (ESI): m/zcalculated for GHs,ONa" [M+Na]*: 4513910, found 451.3931.

Note: 9 was isolated fromfresh rhizomes ofPolypodiodes formosana 19921° 9 was
synthesizedn 3 steps in the longest linear synthesis fromggiareolice with an overall yield
of 28% and wassal as atricyclization substratédowever, @ productive cyclizabn could be
detected under a variety cdnditiors. For selected conditions see Section 3.

For a previoud 3 stepracemic synthesis, ség:

For a previous enzymatic synthesis, $éé:

For a previoud 0 stepasymmetric synthesis, se&:
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CompoundS6

1) 1,1'-thiocarbonyldiimidazole
OH 4-DMAP, CH,Cl,, 60 °C, 13 h
2) n-Bu3SnH, AIBN, toluene,
10 min at 160 °C to 20 min at 120 °C

(7% (2 steps))

oa-onocerin S6
C30H5002 C30H5OO
(442.72) (426.72)

To a solution ofa-onocerin (20.0ng, 45.2nmol, 1.0eq.) in CHCL (4.0 mL) at23°C was
added  N,N-dimethyt4-aminopyridine (11.0ng, 90.4mmol, 2.0eq.) and
1,1thiocarbonyldiimidaza (16.1mg, 90.4nmol, 20eq.). Then the reaction mixture was
stirred for 13h at 60°C in a closed vial. The residue was directly purified by flash
chromatography (Si§) n-pentane/EtOAc 30:1 to 4:1 to 2:1) to afford an inseparable mixture
(17.5 mg).An aliquot of theobtained raterial(6.2 mg) wasdissolved in toluenédegassed by
sparging withAr for 20min, 4mL) in a pressure tube and AIBN (one crystal) andSBiH
(9.10nL, 33.6mmol, 0.74eq) were added successively. The reaction mixture was stirred at
160°C for 10min and at 120C for 20min. The residue was directly purified by flasflumn
chromatography (Sig)n-pentane/EtOAc 4:1) to afforalcoholS6 (1.3 mg, 3. mmol, 7%) as

a white solid.

Rf = 0.81(n-pentane/EtOAc, 4:1).

[a]5; = +11.6(c = 0.48 CHCE) [Lit*: [a]o = +21°C = 1.7Q CHCE)].

IH-NMR (700MHz, CDCh): d [ppm] = 11 4.871 4.77 (m, 2H), 4.60 4.49 (m, 2H), 3.25 (dd,
J=11.8, 4.3 Hz, 1H), 2.40 (dddd~= 13.0, 11.1, 4.3, 2.4 Hz, 2H), 1.98 (id+ 12.9, 5.0 Hz,
2H), 1.767 1.65 (m, 5H), 1.60 1.07 (m 17H), 0.99 (s, 3H), 0.94 (td,= 12.9, 3.8 Hz, 1H),
0.87 (s, 3H), 0.79 (s, 3H), 0.76 (s, 3H), 0.64 (s, 3H), 0.63 (s, 3H).

13C-NMR (176MHz, CDCE): d [ppm] = 149.3, 148.6, 106.8, 106.4, 79.1, 58.1, 57.8, 55.8,
54.8, 42.4, 39.7, 39.4, 39.3, 39.2, 3886.4337.2, 33.8 (2C), 28.5, 28.1, 24.7, 24.2, 22.9, 22.7,
21.9, 19.6, 15.5, 14.7 (2C).

IR (n/cm!, ATR) = 3350, 3082, 2932, 2846, 1460, 1385, 1227, 1182, 1032, 886.
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HRMS (ESI): m/zcalculated foiCzoHsgONa" [M+Na]*: 449.3754, found 449.3739.

Mp: 1787 180°C [Lit** 182i 184].

Note: This procaure is unoptimizeda-Onocerin was extracted frospiny restharrow roofs

CompoundS6 is used as &C-MS reference to get insight into the structure of the elimination

product of the BmeTC catalyzed reaction with Seesection6.
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Optimization of the Wittig -type fragmentation: Synthesis of the Ether$s8- S21

CompoundS7
LiAIH, _
THF, 0 °C, 30 min
(quant.)
C16H2602 C16H3002
(250.38) (254.41)

To a stirredsuspensiomf LiAIH4 (823mg, 21.7mmol, 1.0eq.) in THF (40mL) at 0°C was

added a solution of lactorib (5.41g, 21.6mmol, 1.0eq.) in THF (20mL, flask rinsed with

2 x 20mL) over 10min. After stirring for 30min, KOH (10mL, 2M aqg) was added dropwise.

The mixtue was diluted with CECl.. The organic phase was separated and the aqueous phase
was extracted with C#€l,. The combined organic extracts were washed with brine, dried over
MgSQ, filtered and concentrated under reduced pressure S0kd.49¢g, 21.6mmol, quant.)

was obtained as a white solid and was used without further purification.

R = 0.12 (n-pentane/EtOAc 3:1).

[al--=T 16 (c8 105, CHGY).

IH-NMR (500MHz, CDCk): d [ppm]=3.79 (dt,J = 10.1, 4.3 Hz, 1H), 3.47 (ddd,= 101,
8.2, 5.6Hz, 1H), 2.75 (s, 2H), 1.90 (di,= 12.4, 3.2 Hz, 1H), 1.71 1.62 (m, 4H), 1.57 (tt,
J=13.5, 3.5 Hz, 1H), 1.58 1.40 (m, 2H), 1.40 1.34 (m, 1H), 1.33 1.25 (m, 2H), 1.20 (s,
3H), 1.14 (tdJ = 13.4, 4.2 Hz, 1H), 0.980.92 (m, 2H), 0.87 (s, 3H), 79 (S, 6H).

13C-NMR (126MHz, CDCh): d [ppm] = 734, 643, 593, 562, 444, 421, 395, 39.1 3386,
33.4, 28.0, 24.8, 21.6, 20.6, 18.6,4.5.

IR (n/cmt, ATR) = 3267, 2923, 2867, 1461, 1386, 1189, 1085, 1051, 935, 727.

HRMS (ESI): m/zcalculated forCi1eH3002Na" [M+Na]*: 277.2138, found 2771247.

Mp = 1287 130°C.

The spectral data matched previously obtained. §ata
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CompoundS8

OH
NaH, BnBr
OH  DMF, 0°Cto23°C,13h
(90%)
S7 S8
C16H3002 C23H3602
(254.41) (344.53)

To astirredsuspension of sodium hydridé0% in mineral oil, 1.18), 28.3mmol, 1.3eq) in

DMF (30mL) at 0°C was added a solution of di6V (5.469g, 21.5mmol, 1.0eq.) in DMF

(20mL, flask rinsed with 2 x BnL). After 30 mn benzyl bromide (3.881L, 5.51g, 32.2mmol,

1.5eq.) was added and the mixture was allowed to war283 t& over 13h. Water and EtOAc

were added to the reaction mixture sequentially. The organic phase was separated and the
agueous phase was extractedhwEtOAc. The combined organic extracts were washed
repeatedly with brine, dried over Mg&Qiltered and concentrated under reduced pressure. The
residue was purified by flash column chromatography {Si¢pentane/EtOAc 20:1 to 10:1) to

afford etherS8 (6.65g, 19.3mmol, 90%) as a colorless oil.

Rf = 0.88 (n-pentane/EtOAc 3:1).
[al-=T7 16 (c% 88, CHCY).

IH-NMR (700MHz, CDCE): d [ppm] = 7.38i 7.30 (m, 4H), 7.30 7.25 (m, 1H), 4.53 (d,
J=1.9 Hz, 2H), 3.63 (dddl=9.2, 5.4, 4.1 Hz]H), 3.37 (dddJ =10.2, 8.8, 4.3 Hz, 1H), 3.32
(s, 1H), 1.90 (dtJ = 12.6, 3.2 Hz, H), 1.80i 1.74 (m, 1H),1.65 (dtid, J= 13.8,6.1, 3.7Hz,
1H), 1.64i 1.53 (m, 3H), 1.46 1.33 (m, 3H), 1.30 1.24 (m, 1H), 1.24 1.20 (m, 1H), 1.15
i 1.14 (m, 3H),1.12 (dd,J = 13.5, 4.2 Hz, 1H), 0.91 (dd,= 12.3, 2.3Hz, 1H), 0.87 (s, 3H),
0.85 (dd,J = 13.0, 3.7 Hz, 1H), 0.79 (s, 6H).

13C-NMR (176 MHz, CDCk): d [ppm] = 138.Q 128.6 (2C)127.8(3C), 73.3, 72.4, 72, 594,
56.2, 442, 421, 39.6, 39.1, 38, 334, 25.4, 24.5, 21.6, 26,186, 154.

IR (n/cm!, ATR) = 3438, 2925, 2863, 1457, 1384, 1366, 1076, 930, 910, 732.

HRMS (ESI): m/zcalculated forC23H360:K* [M+K] *: 3832347, found 383.2356.

The spectral data matched previously obtained.data
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CompoundS9

NaH

2-tert-butylbenzyl bromide
tetrabutylammonium iodide
DMF, 0 °C to 23 °C

(94%)

S7 S9
C16H3002 Co7H440-
(254.41) (400.64)

To a stirred solutioof diol S7 (256 mg, 1.01mmol, 1.0eq.) in DMF (4mL) was added sodium
hydride (60% in mineral oil, 60.8ig, 1.51mmol, 1.5eq.) at O°C. After 30 min
tetrabutylammonium iodide (18r6g, 50.3nmol, 0.05eq.) and Zert-butylbenzyl bromide
(341mg, 1.51mmol, 1.5eq.) in DMF (2.0mL) were added and the mixture was allowed to
warm to23 °C over 20h. Water and EtOAc were added to the reaction mixture sequentially.
The organic phase was separatedl the aqueous phase was extracted with EtOAc. The
combined organic extracts were washed repeatedly with brine, dried oversMifsf@d and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (Si&) n-pentane/EDAc 1.0 to 5:1) to afford ethe®9 (381 mg, 950nmol,

94%) as a colorless oil.

R = 0.39(n-pentane/EtOAc, 9:1).
[a]a =1 3 .(6-8L.34, CHQG).

IH-NMR (700MHz, CDCk): d [ppm] = 7.48i 7.45 (m, 1H), 7.39 7.36 (m, 1H), 7.23 7.17
(m, 2H), 4.83 4.68 (M, 2H), 3.70 3.65 (m, 1H), 3.46 3.40 (M, 1H), 3.19 (s, 1H), 1.89 (dt,
J=12.6, 3.3 Hz, 1H)1.827 1.76 (m, 1H),1.677 1.56 (m, 4H),1.437 1.40 (m, 10H)1.397
1.36 (M, 1H), 1.29 1.22 (m, 2H), 1.18 1.15 (m, 1H), 1.14 (s, 3H), 0.940.90 (m, 2H), 0.88
(s, 3H), 0.83 0.80 (m, 1H)0.80 (s, 6H).

13C-NMR (176 MHz, CDCB): d [ppm] = 147.9, 1363, 131.1, 127.7, 128, 1262, 725, 725,
719,59.4,56.3, 48, 42.1, 39.7, 32, 35.9, 336, 33.4,32.0 (3C), 25.5, 24,2217, 20.6, 18.6,
154

IR (n/cm!, ATR) = 3453, 2932, 2867, 1463, 1386, 1363, 1248, 1188, 1074, 934.

HRMS (ESI): m/zcalculated for @Hs4O2Na" [M+Na]*: 4233233, found 423.3240.
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CompoundS10

NaH
2-ethylbenzyl bromide
DMF, 0 °C to 23 °C

(97%)

S7 $10

C16H3002 C25H4002
(254.41) (372.58)

To astirredsuspension of sodium hydridé0% in mineral oil, 62.9ng, 1.57mmol, 2.0eq) in

DMF (3 mL) at 0°C was added a solution diol S7 (200mg, 786mmol, 1.0eq.) in DMF

(3 mL). After 30 min 2ethylbenzyl bromide (22fng, 1.11mmol, 1.4eq.) in DMF (3mL) was

added and the mixture was allowed to warr@36C over 13h. Water and EtOAc were added

to the reaction mixture sequentially. The organic phese separated and the aqueous phase
was extracted with EtOAc. The combined organic extracts were washed repeatedly with brine,
dried over MgS@ filtered and concentrated under reduced pressure. The residue was purified
by flash column chromatography (Sin-pentane/EtOAc 20:1 to 5:1) to afford etlgt0
(283mg, 759mmol, 97%) as a slightly yellow oil.

R = 0.61(n-pentane/EtOAc, 6:1).

[al =T 1 6(c=10.62 CHCL).

IH-NMR (500MHz, CDCls): d [ppm]=7.31 (d,J = 7.5 Hz, 1H), 7.25 7.14 (m, 3H), 4.65

4.48 (m, 2H),3.667 3.60 (M, 1H) 3.38 (td,J = 9.3, 45 Hz, 1H), 3.20 (s, 1H), 2.69 (qJ = 7.6
Hz, 2H), 1.89 (dtJ) = 12.5, 3.3 Hz, 1H), 1.80.1.72 (m, 1H), 1.69 1.53 (m, 4H), 1.45 1.34
(m, 3H),1.287 1.20 (m, 5H) 1.17i 1.10 (m, 4H), 0.94 0.89 (m, 1H), 0.89 0.85 (m, 4H),
0.79 (s, 6H).

13C-NMR (126 MHz, CDCls): d [ppm] = 1427, 1353, 1291, 1286, 1282, 125.9, 75, 72.2,
712,594, 56.3, 44.2, 42, 39.7, 392, 336, 33.4, 255, 254, 24.5, 21.6, 2@, 18.6, 15.4, 13.

IR (n/cmt, ATR) = 3439, 2930, 2867, 1458, 1384, 1183, 1086, 935, 843, 756.

HRMS (ESI): m/z calculated for @Hs0O2Na" [M+Na]*: 395.2921, found 395.2938.

34



CompoundS11

NaH
2,4,6-trimethylbenzyl bromide
DMF, 0 °C to 23 °C

(86%)

S7 S11

C16H3002 C26H420>
(254.41) (386.61)

To astirredsuspension of sodium hydridé0% in mineral oil, 299ng, 7.48mmol, 2.0eq) in

DMF (7 mL) at 0°C was added a solution of di§¥V (951 mg, 3.74mmol, 1.0eq.) in DMF

(7 mL). After 30 min 2,4,&rimethylbenzyl bromide (1.18, 5.61mmol, 1.5eq.) in DMF

(6 mL) was added and the mixture was allowed to war@8ttC over 22h. Water and EtOAc

were added to the reaction mixture sediadly. The organic phase was separated and the
agueous phase was extracted with EtOAc. The combined organic extracts were washed
repeatedly with brine, dried over Mg&Qiltered and concentrated under reduced pressure. The
residue was purified by flastolumn chromatography (SiOn-pentane/EtOAc 30:1 to 10:1) to
afford etherS11(1.24g, 3.20mmol, 86%) as a slightly yellow oil.

R = 0.56(n-pentane/EtOAc, 6:1).
[a]a =T 1 4(c=33.98 CHCL).

IH-NMR (500MHz, CDCl3): d [ppm] = 6.83 (s, 2H), 4.53 (s, 2H), 3.68.56 (m, 1H), 3.47
3.15 (m, 2H)2.36 (s, 6H), 2.25 (s, 3H), 1.88 (dt= 12.5, 3.2 Hz, 1H), 1.76 1.53 (m, 5H),
1.451 1.35 (m, 3H), 1.29 1.18 (m, 2H),1.187 1.13 (m, 1H) 1.10 (s, 3H), 0.92 (d,= 2.3 Hz,
1H), 0.89i 0.85 (m, 4H)0.79 (s, 3H), 0.78 (s, 3H).

13C-NMR (126 MHz, CDCls): d [ppm] = 137.8 (2C), 137.6, 131.0, 129.1 (2Q)R22, 71.8,
672, 595, 56.3, 44.2, 42, 39.7, 39.1, 38, 33.4, 256, 246, 21.6, 211, 206, 19.8(2C), 18.6,
15.4.

IR (n/cmt, ATR) = 3439, 2925, 2864, 1613, 1459, 1383, 1235, 1079, 935, 849.

HRMS (ESI): m/zcalculated for @Hs202Na" [M+Na]*: 409.3077, found 409.3097.
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CompoundS12

NaH
2,4,6-triisopropylbenzyl bromide
DMF, 0 °C to 23 °C

(quant.)
s7 ’ $12
C16H3002 Ca2H540,
(254.41) (470.77)

To astirredsuspension of sodium hydridé0% in mineral oil, 281ng, 7.02mmol, 2.0eq) in

DMF (7 mL) at 0°C was added a solution of di§¥V (893mg, 3.51mmol, 1.0eq.) in DMF

(7 mL). After 30 min 2,4,@&riisopropylbenzyl bromide (1.5¢, 5.05mmol, 1.4eq.) in DMF

(6 mL) was added and the mixture was allowed to war@8ttC over 12h. Water and EtOAc

were added to the reaction mixture sequentially. The organic phase was separated and the
agueous phase was extracted with EtOAc. The combingdniar extracts were washed
repeatedly with brine, dried over Mg&Qiltered and concentrated under reduced pressure. The
residue was purified by flash column chromatography {Si¢pentane/EtOAc 20:1 to 10:1) to

afford etherS12(1.69g, 3.60mmol, quant) as a slightly yellow oil.

R = 0.35(n-pentane/EtOAc, 19:1).
[a]a =1 2 0(c =91.97, CHCL).

IH-NMR (500MHz, CDCls): d [ppm] = 7.00 (s, 2H), 4.60 4.50 (m, 2H), 3.71 3.64 (m, 1H),
3.461 3.39 (m, 1H), 3.28 (hepd = 6.8 Hz, 2H), 3.06 (s 1H), 2.87 (hept) = 6.9 Hz, 1H),
1.86 (dt,J = 12.4, 3.1 Hz, 1H)1.80i 1.70 (m, 1H), 1.69 1.57 (m, 4H), 1.47 1.33 (m, 4H),
1.291 1.23 (m, 19H), 1.18 1.13 (m, 1H), 1.10 (s, 3H), 0.970.90 (m, 2H), 0.89 (s, 3H), 0.80
(s, 6H).

13C-NMR (126 MHz, CDCls): d [ppm] = 148.8 148.5 (2C), 128.7, 121.0 (2C), 72.3, 72.1,
65.5 591, 56.4 443, 422, 39.8 392, 345, 33.6, 33.4295 (2C) 256, 247, 24.6 (2C) 245
(2C), 24.1 (2C)21.6, 20.6, 18.6, 15.4

IR (n/cmt, ATR) = 3443, 2957, 2929, 2868, 1607, 1460, 1384, 1074, 877, 753.

HRMS (ESI): m/zcalculated for GzHs402Na" [M+Na]*: 493.4016, found 493.4041.
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CompoundS13

0 s TN
NaH
tributyl(iodomethyl)stannane
DMF, 0 °C to 23 °C

(99%)
7 513
C1eHa0O
(;%43401 )2 C29H560,5n
: (557.48)

To astirredsuspension of sodium hydridé0% in mineral oil, 19Ing, 4.77mmol, 2.0eq) in

DMF (5mL) at 0°C was added a solution of diSI7 (607 mg, 2.38mmol, 1.0eq.) in DMF

(5 mL). After 30 min tributyl(iodomethyl)stannane (5.§23.46mmol, 1.5eq.) in DMF (5mL)

was added and the mixture was allowed to war@3eC over 24h. Water and EtOAc were
added to the reaction mixture sequentially. The organic phases@parated and the aqueous
phase was extracted with EtOAc. The combined organic extracts were washed repeatedly with
brine, dried over MgS#) filtered and concentrated under reduced pressure. The residue was
purified by flash column chromatography (Si@-pentane/EtOAc 1:0 to 10:1) to afford ether
S13(1.32g, 2.37mmol, 99%) as a slightly yellow oil.

R = 0.61(n-pentane/EtOAc, 19:1).
[a]a =7 1 6(c=8L.88 CHCL).

IH-NMR (500MHz, CDCls): d [ppm] = 3.78i 3.67 (m, 2H), 3.62 s 1H), 3.49 (dt] = 8.6,
4.2 Hz,1H), 3.24i 3.16 (m, 1H), 1.84dt, J = 12.6, 3.2 Hz, 1H), 1.7% 1.59 (m, 4H), 1.59
1.45 (m, 8H), 1.45 1.34 (m, 4), 1.34i 1.27 (m, 6H), 1.27 1.21 (m, 2H), 1.15 (dd} = 13.4,
4.0 Hz, 1H), 1.12 (s, 3H), 0.930.86 (m, 18H), 0.79 (s, 3H), 0.78 (s, 3H).

13C-NMR (126MHz, CDCl): d [ppm] = 775, 72.0 62.4, 5%, 56.3, 441, 42.1, 3%, 39.1,
336, 33.4, 29.33C), 275 (3C), 25.4, 24.6, 27, 206, 187, 15.4, 139 (3C), 9.1(3C).

IR (n/cmt, ATR) = 3437, 2951, 2923, 2849, 1460, 1381, 1339, 1287, 1073, 934.
HRMS (ESI): m/zcalculated for @Hsg0>SnNd [M+Na]™: 5813351, found81.3339
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CompoundS14

OH NaH

4-(trifluoromethyl)benzyl bromide
tetrabutylammonium iodide
DMF, 0 °C to 23 °C

(90%)

S7 S14
C16H3002 Co4H35F 30,
(254.41) (412.53)

To a stirredsolutionof diol S7 (132 mg, 518nmol, 1.0eq.) in DMF (2.5mL) was added sodium
hydride (60% in mineral oil, 26.8g, 673mmol, 1.3eq.) at O°C. After 30 min
tetrabutylammonium iodide (918g, 26nmol, 0.05eq.) and 4trifluoromethyl)benzyl bromide

(173 mg, 725mmol, 1.4eq.) in DMF (0.5mL) were added and the mixture was allowed to warm

to 23°C over 22h. Water and EtOAc were added to the reaction mixture sequentially. The
organic phase was separated and the agqueous paasextracted with EtOAc. The combined
organic extracts were washed repeatedly with brine, dried over Mgfitered and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (Si§) n-pentane/EtOAc 1:0 to 5:1) tdfard etherS14(192mg, 466nmol,

90%) as a colorless oil.

Rf = 0.40(n-pentane/EtOAc, 5:1).

[al5 =T 1 8(c =30.85 CHCL).

IH-NMR (700MHz, CDCk): d [ppm] = 7.60 (d,J= 8.0 Hz, 2H), 7.44 (d]= 8.0 Hz, 2H), 4.58
(s, 2H), 3.68 3.61 (m, 1H), 3.45 3.39 (m, 1H), 2.99 (s 1H), 1.90 (dt] = 12.6, 3.2 Hz, 1H),
1.80 (ddtJ = 15.2, 10.2, 5.3 Hz, 1H), 1.691.54 (m, 4H), 1.4%5 1.35 (m, 3H), 1.29 1.22 (m,
1H), 1.21 (tJ = 4.3 Hz, 1H), 1.17 1.14 (m, 3H), 1.12 (dd] = 13.5, 4.2 Hz, 1H), 0.91 (dd,
=12.2, 2.3 Hz, 1H)0.90i 0.84 (m, 4H), 0.79 (s, 3H), 0.79 (s, 3H).

13C-NMR (176 MHz, CDCL): d [ppm] = 1422, 1300 (g, J = 32.4 Hz), 128 (2C) 1256(q, J
=3.7Hz 2C), 1251 (q,J=272.2 Hz), 7B, 727,72.5, 5%, 563, 443, 421, 39.7, 3R, 33.5,
33.4,25.4, 245, 21.6, H).186, 15.4.

9F-NMR (471MHz, CDChk): d[ppm]=T1 6 2 . 4 .

IR (n/cmt?, ATR) = 3455, 2930, 2865, 1622, 1462, 1387, 1325, 1164, 1125, 1070.
HRMS (ESI): m/zcalculated for @HzsFs02Na" [M+Na]™: 435.2481, found 435.2490.
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CompoundS15

NaH

2-chlorobenzyl chloride
tetrabutylammonium iodide
DMF, 0 °C to 23 °C

(92%)

s7 " 815
C16H3002 Ca3H35CIO,
(254.41) (378.98)

To a stirred solution ofliol S7 (301mg, 1.18mmol, 1.0eq.) in DMF (4.0mL) was added
sodium hydride (60% in mineral oil, 7008y, 1.77mmol, 1.5eq.) at O°C. After 30 min
tetrabutylammonium iodide (43rg, 118mmol, 0.1eq.) and Zhlorobenzyl chloride (2681,

286 mg, 1.77mmol, 1.5eq.) were added and the mixture was allowed to warg3t& over

2 h. Water and EtOAc were added to the reaction mixture sequentially. The organic phase was
separated and the aquesophase was extracted with EtOAc. The combined organic extracts
were washed repeatedly with brine, dried over MgSidered and concentrated under reduced
pressure. The residue was purified by flash column chromatography (§i@ntane/EtOAc

1:0 to 51) to afford ethe615(413mg, 1.09mmol, 92%) as a colorless oil.

R = 0.52(n-pentane/EtOAc, 5:1).
[a]a =1 2 0(c=61.03, CHC).

IH-NMR (700MHz, CDCE): d [ppm] = 7.44 (dd,J = 7.6, 1.6 Hz, 1H), 7.35 7.32 (m, 1H),
7.271 7.24 (m, 1H), 7.20 (td) = 7.6, 1.7 Hz, 1H), 4.62 (s, 2H), 3.753.61 (m, 1H), 3.50
3.37 (m, 1H), 3.05 g 1H), 1.90(dt, J = 12.6, 3.3 Hz, 1H), 1.80 (ddl,= 15.2, 10.2, 5.2 Hz,
1H), 1.67i 1.54 (m, 4H), 1.45 1.34 (m, 3H), 1.29 1.21 (m, 2H), 1.14 (s, 3H), 1.12 (dd,
J=13.6, 4.1 Hz, 1H), 0.91 (dd,= 12.2, 2.3 Hz, 1H), 0.900.84 (m, 4H), 0.79 (s, 3H), 0.79
(s,3H).

13C-NMR (176 MHz, CDCB): d [ppm] = 135.8,133.0,1294, 129.1, 128.8127.0, 72.7726,
703,592, 56.2, 44.2, 42,897, 39.1, 33.5334, 254, 24.4, 21.6206, 18.5, 1H4.

IR (n/cmt, ATR) = 3448, 2929, 2865, 1446, 1385, 1363, 1102, 1047, 935, 753.

HRMS (ESI): m/zcalculatel for GsHszsClO2Na" [M+Na]*: 401.2218, found 401.2230.
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CompoundS16

NaH

3-methylbenzyl chloride
tetrabutylammonium iodide
DMF, 0 °C to 23 °C

(71%)

s7 ’ S16

C16H3002 Co4H3g0,
(254.41) (358.56)

To a stirred solution ofliol S7 (301mg, 1.18mmol, 1.0eq.) in DMF (4.0mL) was added
sodium hydride (60% in mineral oil, 7008y, 1.77mmol, 1.5eq.) at 0°C. After 30 min
tetrabutylammonium iodide (43mg, 118mmol, 0.leq.) and 3methylbenzyl chloride
(268nL, 286mg, 1.77mmol, 1.5eq.) were added and the mixture was allowed to warm to
23°Cover 2d. Water and EtOAc were added to the reaction mixture sequentially. The organic
phase was separated and the agsgahase was extracted with EtOAc. The combined organic
extracts were washed repeatedly with brine, dried over Mgi8t®red and concentrated under
reduced pressure. The residue was purified by flash column chromatography (SIiO
n-pentane/EtOAc 1:0 to b) to afford ethe616(317mg, 837mmol, 71%) as a colorless oil.

R = 0.61(n-pentane/EtOAc, 5:1).

[al =T 1 7(c=71.36, CHGY).

IH-NMR (700MHz, CDCb): d [ppm] = 7.23 (t,J = 7.6Hz, 1H), 7.14 (s, 1H), 7.12 (4= 7.6
Hz, 1H), 7.09 (dJ = 7.6 Hz, 1H), 4.49 (s, 2H), 3.663.59 (m, 1H), 3.38 3.32 (m, 1H), 3.30
(sor, 1H), 2.35 (s, 3H), 1.90 (di,= 12.6, 3.3 Hz, 1H), 1.801.73 (m, 1H), 1.67 1.62 (m, 1H),
1.62i 1.54 (m, 3H), 1.45 1.35 (m, 3H), 1.26 (dddl = 13.7, 12.2, 3.1 Hz, 1H), 1.23 (s, 1H),
1.177 1.13 (m, 3H), 111 (dd,J = 13.2, 4.1 Hz, 1H), 0.90 (dd,= 12.3, 2.3 Hz, 1H), 0.87 (s,
3H), 0.86i 0.81 (m, 1H), 0.79 (s, 3H), 0.78 (s, 3H).

13C-NMR (176 MHz, CDCB): d [ppm] = 138.1,138.0,128.7, 128, 1285, 1251, 73.3, 72.4,
72.0, 59.3, 5@, 44.2, 421, 39.6, 39.1, 38, 33.4, 25.4, 24.5, 21.6, B] 206, 186, 15.4.

IR (n/fcmt, ATR) = 3444, 2925, 2862, 1610, 1460, 1384, 1246, 1156, 1081, 934.

HRMS (ESI): m/zcdculated for G4H3sO2Na" [M+Na]*: 381.2764, found 381.2780.
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CompoundS17

NaH

4-methylbenzyl chloride
tetrabutylammonium iodide
DMF, 0 °Cto 23 °C

(86%)
S7 S17

C16H3002 Co4H3g07

(254.41) (358.56)

To a stirred solution ofliol S7 (301mg, 1.18mmol, 1.0eq.) in DMF (4.0mL) was added
sodium hydride (60% in mineral oil, 7008g, 1.77mmol, 1.5eq.) at O°C. After 30 min
tetrabutylammonium iodide (43mg, 118mmol, 0.leq.) and 4methylbenzyl chloride
(269, 286mg, 1.77mmol, 1.5eq.) were added and the mixture was allowed to warm to
23 °C over 2h. Water and EtOAc were added to the reaction mixture sequentially. The organic
phase was separated and the agsgahase was extracted with EtOAc. The combined organic
extracts were washed repeatedly with brine, dried over Mgi8t®red and concentrated under
reduced pressure. The residue was purified by flash column chromatography (SIiO
n-pentane/EtOAc 1:0 to b) to afford ethe617(387mg, 1.02mmol, 86%) as a colorless oil.

R = 0.50(n-pentane/EtOAc, 5:1).
[a]a =1204 (c=143 CHCE).

IH-NMR (700MHz, CDCk): d [ppm] = 7.21 (dJ= 7.7 Hz, 2H), 7.15 (dJ = 7.7 Hz, 2H), 4.48
(s, 2H), 3.65 3.59 (m, 1H), 3.52 3.15 (m, 2H), 2.33 (s, 3H), 1.90 (dt= 12.7, 3.3 Hz, 1H)
1.791 1.72 (m, 1H).1.68i 1.62 (m, 1H), 1.62 1.53 (M, 3H), 1.45 1.34 (m, 3H), 1.28 1.19
(m, 2H), 1.14 (s, 3H), 1.11 (dd,= 13.4, 4.2 Hz, 1H), 0.90 (dd,= 12.4, 2.3 Hz, 1H), 0.87 (s,
3H), 0.86i 0.81 (m, 1H), 0.79 (s, 3H), 0.78 (s, 3H).

13C-NMR (176 MHz, CDCE): d [ppm] = 1375, 135.Q 129.2(2C), 128.0(2C), 73.2, 724,
72.0,59.4, 56.2, 42, 421, 39.6, 3R, 336, 33.4, 25.4, 24, 21.6, 21.3, 2@, 186, 15.4.

IR (n/cmt, ATR) = 3443, 2925, 2861, 1515, 1459, 1384, 1241, 1089, 934, 802.

HRMS (ESI): m/zcalculated for @H3sO.Na" [M+Na]*: 381.2764, found 381.2767.
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CompoundS18

OH NaH
2-(bromomethyl)naphthalene
OH tetrabutylammonium iodide

DMF, 0 °C to 23 °C
(81%)

-
~H
3

S7 S18
C16H3002 Ca7H380;
(254.41) (394.59)

To a stirred solutiorof diol S7 (300mg, 1.18mmol, 1.0eq.) in DMF (4.0mL) was added
sodium hydride (60% in mineral oil, 7008y, 1.77mmol, 1.5eq.) at O°C. After 30 min
tetrabutylammonium iodide2(.8 mg, 59.0mmol, 0.05eq.) and Abromomethyl)napthalene
(391mg, 1.77mmol, 1.5eq.) in DMF (0.5mL) were added and the mixture was allowed to
warm to23 °C over 16h. Water and EtOAc were added to the reaction mixture sequentially.
The organic phase was separated #he aqueous phase was extracted with EtOAc. The
combined organic extracts were washed repeatedly with brine, dried oversMifsf@d and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (Si§) n-pentane/Et@c 1:0 to 5:1) to afford ethe®18(375mg, 950nmol,

81%) as a colorless oil.

R = 0.41(n-pentane/EtOAc, 5:1).

[al5 =T 1 5(c=41.36, CHCY).

IH-NMR (700MHz, CDCE): d [ppm] = 7.85i 7.81 (m, 3H), 7.77 (s, 1H), 7.517.43 (m, 3H),
4.747 4.66 (m, 2H), 3.69 3.64 (m, 1H), 3.44 3.38 (M, H), 3.30 (s, 1H), 1.91 (dt) = 12.6,

3.3 Hz, 1H) 1.841 1.76 (m, 1H),1.67i 1.52 (m, 4H), 1.42 (td] = 13.2, 4.1 Hz, 1H), 1.3D
1.31 (m, 2H), 1.28 1.23 (m, 1H), 1.21 () = 4.2 Hz, 1H), 1.15 (s, 3H), 1.091.03 (m, 1H),
0.88i 0.86 (m, 1H), 0.8%s, 3H), 0.83 0.79 (m, 1H), 0.79 (s, 3H), 0.78 (s, 3H).

13C-NMR (176 MHz, CDCEk): d[ppm] = 135.5, 133.4, 133.2, 128.4, 128.0, 127.8, 126.8,
126.2, 126.0 (2C), 73.4, 72.5, 72.1, 59.3, 56.2, 44.2, 42.0, 39.6, 39.1, 33.5, 33.4, 25.4, 24.5,
21.6, 20.6, 18.5, 15.4.

IR (n/cmt, ATR) = 3444, 3054, 2927, 2862, 1602, 1508, 1461, 1162, 1092, 934

HRMS (ESI): m/zcalculated for @HzsO.Na" [M+Na]*: 417.2764, found 417.2776.
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CompoundS19

NaH
2-methoxybenzyl bromide
DMF, 0 °C to 23 °C

(73%)

S7 S19
C16H3002 C24H3503
(254.41) (374.56)

To a stirred solutionf diol S7(105mg, 413nmol, 1.0eq.) in DMF (2.0mL) was added sodium
hydride (60% in mineral oil, 26.g, 652mmol, 1.6eq.) at O°C. After 30 min
2-methoxybenzyl bromide (15hg, 731nmol, 1.8eq.) in DMF (1.0mL) wasadded and the
mixture was allowed to warm @8 °C over 20h. Water and EtOAc were added to the reaction
mixture sequentially. The organahase was separated and the aqueous phase was extracted
with EtOAc. The combined organic extracts were washed repeatedly with brine, dried over
MgSQ;, filtered and concentrated under reduced pressure. The residue was purified by flash
column chromatograph{SiO,, n-pentane/EtOAc 30:1 to 1:1) to afford etl®19 (112mg,

300mmol, 73%) as a colorless oil.

Rf = 0.24(n-pentane/EtOAc, 10:1).

[al =T 8 . (4=40.55, CHG)).

IH-NMR (500 MHz, CDCk): d [ppm] = 7.33 (dd,J = 7.4, 1.7 Hz, 1H), 7.28 7.22 (m, 1H),
6.95 (td,J = 7.5, 1.1 Hz, 1H), 6.86 (d,= 8.2 Hz, 1H), 4.6 (q,J = 12.4 Hz, 2H), 3.83 (s, 3H),
3.72i 3.63 (m, 1H), 3.43 3.34 (m, 1H), 3.09 (s 1H), 1.90 (dtJ = 12.5, 3.2 Hz, 1H), 1.82
1.70 (m, 1H), 1.66 1.52 (m, 4H), 1.44 1.32 (m, 3H), 1.29 1.22 (m, 1H), 1.20 (t) = 4.3
Hz, 1H), 1.13 (s, 3H), 12li 1.07 (m, 1H), 0.90 0.81 (m, 5H), 0.78 (s, 6H).

13C-NMR (126 MHz, CDCb): d [ppm] = 157.2, 129, 128.8, 126, 120.6, 110.3, 73, 72.2,
68.2, 593, 56.2, 55.4, 44.2, 42.396, 39.1, 336, 334, 254, 244, 216, 206, 186, 154.

IR (n/cm?, ATR) = 3378, 2918, 2851, 1599, 1463, 1374, 1241, 1086, 970, 754.

HRMS (ESI): m/zcakulated for GsH3gO3Na" [M+Na]*: 397.2713, found 397.2713.
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CompoundS20

NaH
bromodiphenylmethane
DMF, 0 °C to 23 °C

(90%)

S20
C16H3002 CogH4002
(254.41) (420.63)

To a stirred solutiorof diol S7 (515mg, 2.02mmol, 1.0eq.) in DMF (10mL) was added
sodium hydride (60% in mineral oil, 128g, 3.03mmol, 1.5eq) at 0°C. After 30 min
bromodiphenylmethane (1.@8 4.05mmol, 2.0eq.) was added and the mixture was allowed to
warm to23 °C over 20h. Water and EtOAc were added to the reaction mixture sequentially.
The organic phase was separated and the aquease pras extracted with EtOAc. The
combined organic extracts were washed repeatedly with brine, dried oversMifsf@d and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (Si¢)n-pentane/EtOAc 30:1 to 1:19 &afford ethelS20(765mg, 1.82mmol,

90%) as a colorless oil.

Rf = 0.47 (n-pentane/EtOAc, 10:1).
[a]a =7 1 2(c=83.15, CHCJ).

IH-NMR (500MHz, CDCE): d [ppm] = 7.38i 7.29 (m, 8H), 7.2 7.21 (m, 2H), 5.37 (s, 1H),
3.63 (dt,J = 9.1, 4.6 Hz, 1H), 3.4P 3.32 (m, 1H), 3.03 ¢ 1H), 1.91 (dtJ = 12.5, 3.2 Hz,
1H), 1.89i 1.79 (m, 1H), 1.87 1.49 (m, 4H), 1.44 1.32 (m, 3H), 1.28 1.20 (m, 2H), 1.16
(s, 3H), 1.09 (tdJ = 13.4, 12.7, 4.2 Hz, 1H), 0.910.81 (m, 4H), 0.78 (s, 6H), 0.750.70 (M,
1H).

13C-NMR (126 MHz, CDCE): d [ppm] = 142.1, 142.1, 128.602C), 1286 (2C), 1277, 12786,
127.2(2C), 1269 (2C), 84.5, 72.6, 70.9,%0, 56.2, 44.2421, 39.5, 39.1, 33,5334, 254,
244, 216, 20.6, 18.5, 138.

IR (n/cmt, ATR) = 3401, 2927, 2865, 1600, 1490, 1450, 1182, 1070, 1024, 931.

HRMS (ESI): m/zcalculated for @H002Na" [M+Na]*: 443.2920, found 443.2910.
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CompoundS21

OH
CSzCOg
4-nitrobenzyl bromide

OH
THF, 0 °C to 23 °C to 50 °C
(34%)
S7 S21
C16H3002 Co3H35NO4
(254.41) (389.53)

To a stirred solutiof caesium carbonate (213g, 838nmol, 2.0 eq.) in THFZ.0 mL) was

added diolS7 (107mg, 419mmol, 1.0eq.) at O°C. After 10 min 4nitrobenzyl bromide

(181 mg, 838nmol, 2.0eq.) in THF (1.0mL) was added and the mixture was allowed to warm

to 23°C over 3d then heated to 5 for 3h. Water and EtOAc were added to the reaction
mixture sequentially. The organic phase was separated and the aqueous pradeactasl

with EtOAc. The combined organic extracts were washed with brine, dried over 4MgSO
filtered and concentrated under reduced pressure. The residue was purified by flash column
chromatography (Si§) n-pentane/EtOAc 9:1 to 1:1) to afford ett®21(54.7mg, 140nmol,

34%, 42% brsms a yellow oibnd diolS7 (21.1mg, 82.9nmol) as a white solid

R = 0.75(n-pentane/EtOAc, 4:1).
[a]a =7 1 4(c=91.10, CHCY).

IH-NMR (500MHz, CDCk): d [ppm] = 8.20 (d,J= 8.5 Hz, 2H), 7.49 (d] = 8.5 Hz, 2H), 4.62
(s, 2H), 3.7 3.63 (m, 1H), 3.50 3.44 (m, 1H), 2.75 ¢s 1H), 1.91 (dtJ= 12.5, 3.3Hz, 1H),
1.85i 1.78 (m, 1H), 1.68 1.56 (m, 4H), 1.4% 1.36 (m, 3H), 1.31 1.23 (m, 1H), 1.21 (¥ =

4.3 Hz, 1H), 1.16 (s, 3H), 1.151.10 (m, 1H), 0.92 (dd] = 12.4, 2.3 Hz, 1H), 0.91.0.88 (m,
1H), 0.87 (s, 3H), 0.80 (s, 3H), 0.79 (s, 3H).

13C-NMR (126 MHz, CDCb): d [ppm] = 147.6, 145.8, 127.9 (2C), 123.9 (2C), 73.2, 72.8,
72.1,59.3, 56.3, 44.3, 42.1, 39.8, 39.2, 33.6, 33.4, 25.5, 24.5, 21.6, 20.6, 18.6, 15.4.

IR (n/cmt, ATR) = 3458, 2925, 2862, 1603, 1519, 1460, 1385, 1342, 1098, 1015.

HRMS (ESI): m/zcalculatedor C2sH3sNOsNa™ [M+Na]™: 412.2458, found 412.2473.

Note: This procedure is unoptimized.
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CompoundL3 from S88

O/\©
n-BuLi

OH -
THF, -78 °C to 0 °C
(21% 13
28% 1.1:1 $22/523)

OH

1

s8 13 $22/523
C23H3602 C1gH50 C23H3602
(344.53) (236.39) (344.54)

To a solution of ethe88 (100 mg, 290mmol, 1.0eq.) in THF 4 mL ) a iC was7ad&ded a
solution ofn-BuLi (396, 2.5M in hexane871nmol, 3.0 eq.). After stirring for 30 min at

that temperature the reaction mixture was warmed°t© &nd stirred fod2 h while reaching

23 °C. Water was d@ded and the reaction mixture was diluted with EtOAc. The organic phase
was separated and the aqueous phase was extracted with EtOAc. The combined organic extracts
were washed with brine, dried over Mg&@itered and concentrated under reduced pressure.

The residue was purified by flash column chromatography-(®ipentane/EtOAc 10:tb 1:1)

to afford alkenel3 (14.2mg, 60.1nmmol, 21%) as a white solidndS22(15.2mg, 44.1nmol,

15%) as dight-yellow oil andS23(13.4mg, 38.9mmol, 13%) as dight-yellow oil.

S22
Rf = 0.45(n-pentane/EtOAc, 3:1).

[al4 =T 9 . (4=01.12, CHG)).

IH-NMR (500MHz, CDCE): d [ppm] = 7.37 (d,d = 7.2 Hz, 2H), 7.33 () = 7.5 Hz, 2H), 7.24

(t, J= 7.3 Hz, 1H), 4.80 (dd] = 10.2, 3.4 Hz, 1H), 3.562.51 (m, 1H), 1.86 1.76 (m, 2H),
1.731 1.67 (M, 1H), 1.67 1.55 (m, 4H), 1.51 1.34 (m, 4H), 1.31 1.23 (m, 3H), 1.20 1.08
(m, 4H),0.977 0.89 (m, 2H), 0.88 (s, 3H), 0.80 (s, 3H), 0.79 (s, 3H).

13C-NMR (126MHz, CDCE): d [ppm] = 145.3, 128.4 (2C), 127.2, 125.9 (2C), 74.6, 71.8,
58.6, 56.2, 43.9, 42.1, 41.3, 34.0, 39.3, 33.5, 33.3, 24.8, 21.7, 20.6, 20.4, 18.5, 15.4.

IR (n/cmt, ATR) = 3371, 2991, 2922, 2876, 1456, 1364, 1203, 1157, 1068, 759.

HRMS (ESI): m/zcalculated ér CozH3s02K* [M+K] *: 383.2347, found 383.2362.
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S23
Rt = 0.36 (n-pentane/EtOAC3:1).
[a]a =+20.0 (c =0.76, CHCE).

IH-NMR (700 MHz, CDCk): d [ppm] = 7.36i 7.34 (m, 2H), 7.34 7.31 (m, 2H), 7.26 7.23
(m, 1H), 4.70 (ddJ = 9.2, 4.0 Hz, 1) 1.891 1.77 (m, 3H), 1.70 1.62 (m, 3H), 1.59 1.53
(m, 1H), 1.53( 1.49 (m, 1H), 1.49 1.43 (m, 1H), 1.43 1.32 (m, 4H), 1.29 1.22 (m, 2H),
1.17 (s, 3H), 1.15 1.11 (m, 1H), 0.98 0.93 (m, 2H), 0.86 (s, 3H), 0.78 (s, 3H), 0.76 (s, 3H).
13C-NMR (176 MHz, CDCEh): d [ppm]= 145.3, 128.5 (2C), 127.4, 125.9 (2C), 76.5, 74.9,
61.6, 56.1, 44.4, 42.5, 42.1, 39.8, 39.3, 33.5, 33.4, 24.5, 22.5, 21.6, 20.7, 18.5, 15.3.

IR (n/cm!, ATR) = 3352, 2922, 2867, 1737, 1457, 1387, 1126, 1082, 970, 762.

HRMS (ESI): m/zcalculated fo C23H360:K* [M+K] *: 383.2347, foun®832363

Note: No attempt was made to determine the relative configuration of the epimeric alcohols
S22S23
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cupacinoxepin (4)

Table 1.: Comparison of théH-NMR spectraof cupacinoxepin

No. Isolated cupacinoxepih Syntheticcupacinoxepin
600 MHz, CDC4 500 MHz, CDC4
dn mult (J, Hz) dn mult (J, Hz)

1 1.66m 1.67m
1.89 1.88

2 2.66 (td, J=4.2, 14)4 2.66 (td,J=14.0,4.8
2.48 (dt, 3.6, 1414 2.48 (dddJ=14.0,5.2, 3p

3

4

5 1.87 1.86

6 1.481.56 1.471.56

7 1.74 1.73
1.558 1.54

8

9 157 1.50°

10

11 1.73 1.72
1.35 1.37

12 1.84 1.83
1.22 1.23

13 147 147

14

15 1.76 1.76
1.558 1.54

16 1.22 1.2
1.6C° 1.60°

17 0.8% 0.87

18

19 1.77 1.78
0.89 0.88

20 1.58 1.6C0°
1.44 1.43

21 1.36 1.35
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22
23
24
25
26
27
28
29
30

aSignal overlapping

1.13 dt (3.6, 13.2)

1.48s
1.36 s
1.00s
1.29s
1.25s
0.74 s
0.77 s
0.85s

1.13 dt (13.5, 4.3)

1.48s
1.36 s
1.00s
1.29s
1.25s
0.74 s
0.77 s
0.85s

Table 2.: Comparison of th&*C-NMR spectraof cupacinoepin

13C-NMR isolated
cupacinoxepih

13C-NMR synthetic

cupacinoxepin

No. 150 MHz, CDC4 176 MHz, CDC} Deviation
1 40.2 40.3 10.1
2 32.4 32.6 10.2
3 1750 1750 0.0
4 85.8 85.9 10.1
5 52.1 522 10.1
6 25.9 26.0 10.1
7 43.7 43.7 0.0
8 78.8 78.9 10.1
9 61.2 61.4 10.2
10 41.0 412 10.2
11 26.4 26.5 10.1
12 25.1 25.2 10.1
13 60.8 61.0 10.2
14 80.4 80.5 10.1
15 45.3 453 0.0
16 20.8 20.9 10.1
17 56.2 56.3 10.1
18 39.3 39.0 +0.3
19 40.5 40.5 0.0
20 18.9 19.0 10.1
21 42.0 42.1 10.1
22 33.5 33.6 10.1
23 30.7 30.8 10.1
24 27.3 27.4 10.1
25 18.3 18.4 10.1
26 24.1 24.2 10.1
27 25.4 25.5 10.1
28 15.9 16.0 10.1
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29
30

21.6
33.5

21.6
33.6
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IsolatedCupacinoxepin’H, 600 MHz, CDG)’

Synthetic @pacinoxepinH, 500 MHz, CDGJ)

&
o
K

T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
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onoceranoxide (7)

Table 3.: Comparison of théH-NMR spectra of onoceranoxide

no. Isolatedonoceranoxid® Syntheticonoceranoxide
100 MHz, CDC4 700 MHz, CDC4
dy mult (J, Hz) dny mult (J, Hz)

1,19 / 1.76 (m),0.87(m)

2,20 / 1.58 (m), 1.40 (m)

3,21 / 1.34 (m), 1.11 (m)

4,22 / /

5,17 / 0.88(m)

6, 16 / 1.58 (m), 1.21 (m)

7,15 / 1.75 (m), 1.56 (m)

8, 14 / /

9,13 / 1.38 (m)

10, 18 / /

11,12 / 1.77 (m), 1.21 (m)

23, 30 0.845 0.85 (s)

24, 29 0.735 0.74 (s)

25, 28 0.767 0.77(s)

26, 27 1.259 1.26 (s)

Table 4.: Comparison of th&*C-NMR spectra of onoceranoxide

13C-NMR isolated 13C-NMR synthetic

onoceranoile® onoceranoxide
no. 25MHz, CDCk 176 MHz, CDC4 Deviation
1,19 40.5 40.5
2,20 19.0 19.1 1T0.1
3,21 42.2 42.2 0
4,22 335 33.6 1T0.1
5,17 56.3 56.3 0
6, 16 20.8 20.9 1T0.1
7,15 45.4 45.4 0
8, 14 79.9 80.1 T0. 2
9,13 60.9 60.9 0
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10, 18
11, 12
23, 30
24, 29
25, 28
26, 27

38.9
25.0
33.5
21.5
15.8
25.4
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39.0
25.1
33.6
21.7
15.9
25.4
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8a-hydroxypolypoda-13,17,21 (9)

Table 5.: Comparison of théH-NMR spectra oBa-hydroxypolypodal3,17,21

Isolated9™® Synthetic9 (500 MHz,
(270 MHz, CDCY) CDClh)
no. dn mult (J, Hz) dn mult (3, Hz)
1.65
1 / 0.98td (13.0, 3.7
1.64
2 / 1.4¢
1.39
3 / 1.14
4 / /
5 / 0.91dd (12.1, 2.3)
1.66
6 / 1.26
1.86dt (12.1, 3.1)
7 / 1.36
8 / /
9 / 0.91 dd (2.1, 2.3)
10 / /
1.44
11 / 1.26
2.07
12 / 2.07
13 5.071 5.21 bt (6.2) 5.217 5.16 m
14 / /
1.99
15 / 1.99
1.967 2.11 ¥
16 / 1.967 2.11 ¥
17 5.071 5.21 bt (6.2) 5.147 5.06 n?
18 / /
19 / 1.99 (m)
20 / 1.967 2.11 ¥

54



1.9671 2.11

21 5.077 5.21 bt (6.2) 5.147 5.06 n}
22 / /

23 0.869 0.87 s

24 0.789 0.79 s

25 0.789 0.9 s

26 1.130 1.13s

27 1.616 1.608o0r1.61s
28 1.602 1.608o0r1.61s
29 1.602 1.68s

30 1.681 1.60 ¢

& Signal overlapping

Table 6.: Comparison of th&*C-NMR spectra of 8-hydroxypolypodal3,17,21

13C Naturalo®® 13C Synthetic9
no. (68 MHz, CDCB) (176 MHz, CDCE)  Deviation
1 39.7 39.9 10.2
2 18.5 18.6 10.1
3 42.5 42.2 10.3
4 33.3 33.4 10.1
5 56.3 56.3 0
6 20.6 20.7 10.1
7 44.6 44.7 10.1
8 74.1 74.2 10.1
9 61.6 61.7 10.1
10 39.2 39.3 10.1
11 25.6 25.7 10.1
12 31.5 31.6 10.1
13 125.1 125.2 10.1
14 135.0 135.1 10.1
15 39.8 399 10.1
16 26.7 26.8 or 26.9
17 124.3 124.4 10.1
18 135.2 135.3 10.1
19 39.8 39.9 10.1
20 26.8 26.8 or 26.9
21 1245 124.6 10.1
22 131.3 131.4 10.1
23 33.4 33.6 10.2
24 21.6 21.7 10.1
25 15.4 15.6 10.2
26 23.9 23.9 0
27 16.0 16.2 or 16.4
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28
29
30

16.1
25.7
17.7
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16.2 or 16.4
25.9
17.8



3. Screening of Reaction Conditions
Schemel.: Selected screening conditions for the formation of alkehe

Direct conversion of the primary alcohol into a leaving group, selenide or xanthate ester
led to ambroxide formation via intramolecular substitution

OH LG

conditions

conditions:

pTsCl, NEtz, CH,Cl,, 0 °C to rt

pTsCl, pyridine, CH,Cl,, 0 °C to rt

MSC|, NEts, CH20|2, 0°Ctort
SeCN(oNO,CgHy), PMes, THF, 0 °C to rt
H SeCN(oNO,CgHy), PBugs, THF, 0 °C to rt
% NCS, PPh3, THF, 0 °C to rt

NBS, PPh3, THF, 0 °C to rt

I, PPh3, imidazole, -78 °C to rt

NaH, CS,, Mel, THF, DMF, 0 °C to rt
Cs,C0O3, CS,, Mel, DMF, 0 °C to rt

ambroxide

Table 7.: Selectedscreening conditions for the Wig-type fragmentation

conditions

13

Entry R! R? Conditions Yield
(%)/Observation

n-BuLi(3eq. ), TGIBOminifod°g® 20
n-BuLi (4 eq.),EO, 1°Q, 80minto0°C <5
n-BuLi (4 eq.),1,2-dimethoxyethane 1°Q, 8 16
30min to0°C

LDA (4 eq.°C,30minHoF0C T 7 <5
sBuLi (4 eq.), THF] 7 &, 30minto0 °C 28
sBuLi(5eq. ), TG Bminiold°€ 26
tBuLi (4 e g°C,)30minTol FC, 20
n-BuLi (4 eq.), THF, TMEDA (4 eq.y 7€, 17

WN Bk
IITT
ITT

00 ~NO 01 b~
ITITTT
ITITTITT

30min to 0°C
9 H SiMe: n-BuLi(3eq. ), TGBmniol°E 242
10 Me H n-BuLi (4 eq.), THF1 78°C, 30mi n 40°€ No product
formation
11 Me H n-BuLi (4 eq.), THF] 78°C, 30mi n 28°€ 42
12 Me H nBulLi (4 eqg°C)OminT 8E3iC 44

(0.46mmol scale)
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13 Me H n-BulLi (4 eq°C)AminT BWB,IC 41
(13.2mmol scale)

14 Me H n-BulLi (4 e g°C,)30minTod FC, 37

15 Me H n-BulLi (4 eq°C)30minTod¢°C 34

16 Me H sBulLi (4 eqg°C)30minTadEC 35

17 Me H n-BuLi(8e q . ) , TG BOmin ioG°E 29

adetermined by FNMR using an internal standard
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Table 8.: Screening of ether derivatives for Wittigpe fragmentation

conditions A = n-BulLi (4 eq.), THF, =78 °C 30 min to 0 °C
conditions B = n-BulLi (4 eq.), THF, =78 °C 10 min to -13 °C

R'=

Ax@

conditions A: 20%2
conditions C: 20%

2 SnBuy

conditions C: 0%

%

conditions A: 37%
conditions B: 44%
conditions C: 42%

Cl

5

conditions A: 7%

2 3.0 eq. n-BuLi used

conditions A: <5%
trace product formation

conditions C: <5%
trace product formation

(J
2 ﬂlii

conditions C: 0%
conditions B: 24%
o

pe

conditions C: 0%

conditions C = n-BuLi (4 eq.), THF, —78 °C to rt, overnight

7

conditions C: 0%

conditions A: 0%°?
conditions B: 0%

J{\T:::L\

conditions B: 22%

-

conditions B: 41%

poe

conditions B: 12%

T,

conditions A: 0%2

2

7

conditions B: <5%
trace product formation

Ether derivativesvith alkyl substituents and benzylic hydrogen atoms in thesdtion ofthe
aromatic ring gave higher yields alkenel3 thanethers with electron withdrawingelectron

donating, or sterically hinderedubstituents
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Table 9.: Tricyclization attempts of substra®do give pentacyclic derivatives

conditions

X=HT7
X = HgCl 47
X =Br48
Entry  Conditions Concentraion  Observation
[mmol/mL]
1 Hg(OTFA) (1.2 eq.), MeN@ 120°C, 0.004 Complex mixture
Work up: NaCl (aq.)
2 Hg(OTf)2 (1.4 eq.), MeN@, Me:NPh (1.5 0.006 Complex mixture
eq.),1 20°C, Work up: NaCl (aq.)
3 Hg(OTf). (1.2eq.), MeNQ, 0.003 Complex mixture
tetramethylurea (1.3 eq1)20 °C, Work
up: NaCl (aq.)
4 Hg(OTf). (1.2 eq.), CHCL, 0.007 Complex mixture
tetramethylurea (2.4 eqi)20 °C, Work
up: NaCl (aq.)
5 Hg(OTf). (1.2 eq.), MeCN, 0.005 Complex mixture
tetramethylurea (2.4 eqi)20 °C, Work
up: NaCl (aq.)
6 SnCh (2.0 eq.)rac-BINOL (2.2 eq.), 0.01 Complex mixture
CHzCl, 1 78°C
7 HFIP, eosin Y, rt, green LED 0.1 Complex mixture
8 BDSB, MeNQ/CHxCl, (3:1),120°C 0.003 Complex mixture
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Table 10.: Screeing conditionsl2to 10:

0] conditions

Entry Conditions Concentration Observation
(mmol/mL)
1 SnCk (1.0 eq.), CHCl;, 1 78°C  0.005 Complex mixture
2 SnCh (2.0 eq.)rac-BINOL 0.002 Complex mixture
(2.2eq.), CHCI, 1 78°C
3 SnCk (2.0 eq.) rac-BINOL 0.001 Incomplete
(2.2eq.), CHCI2, 190°C conversion
4 Picric acid (1.8 eq.), MeN9no 0.01 Complex mixture
stirring, 1°C Incomplete
conversion
5 CSA (0.1 eq.), MeNg@ 0°C 0.005 Complex mixture
6 HFIP, 1°C 0,003 Incomplete
conwersion
7 HFIP, TFA (0.05eq.), CHCI, 0.003 Complex mixture
1°C Incomplete
conversion
8 HFIP, PhPBFR: (10 eq.), 1°C 0,001 Complex mixture
9 HFIP, NaSbF (10 eq.), 1°C 0.003 Complex mixture
10 HFIP, AgSbk (10 eq.), I’'C 0.003 Complex mixture
11 HFIP, BuNPFs (10 eq.), I°C 0.003 Complex mixture
12 BFsA O E(2.3eq.), CHCL, 0.005 Complex mixture
178°C
13 CpeTiCl2(2.2 eq.)Mn (100eq.) 0.005 Complex mixture
THF, rt
14 CpeTiCl2 (0.55eq.),Mn (24 eq.) 0.005 Complex mixture
TMSCI (8 eq.) 2,4,6collidine
(14eq.) THF, 1t
14 TIPSOTf (5.0eq.), 2,6lutidine, 0.0015 Complex mixture
CHxClp, 1 78°C to rt Incomplete
conversion
15 InClz (1.0eq.), CHCI, 1 78°C  0.005 Complex mixture
tort
16 Me2AICI (3.0 eq.), CHCL, 0.001 Incomplete
178°C? conversion
17 EtAICI (3.0 eq.), CHCI,, 0.001 Incomplete
178°C? conversion
18 MeAICl, (3.0 eq.), CHCl, 0.001 Complex mixture
Et2O,178°C?
19 EtAICI; (2.0 eq.), CHCl, 0.001 14%10, 8%21

178°CaP
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20

21

22

23

24

EtAICI2 (3.0 eq.), CHCl,
178°C?
EtAICI2 (3.0 eq.), CHCl,
178°C?
EtAICI2 (3.0 eq.),CH2Cl,
190°C?
EtAICI2 (5.0 eq.),CH2Cl,
178°C?

EtAICI, (3.0 eq.), CHCL,
178°C°

0.001

0.0005

0.001

0.001

0.001

20%10, 12%21
17%10, 16%21
Complex mixture
Complex mixture;
trace product

formation detected
Complex mixture

& Substrate in CECl> (precooled by passing theade through dry ice) was added to a

solution of Lewis acid in CbCl, a t 78 9C.

®No tricyclization product was obtained if the corresponding trimethyisilyér(OTMS) was
usedunder the same conditions as starting matersaéad of the tertiary alcoh

¢ EtAICIz in CHxCI (precooled by passing the needle through dry ice) was added to a solution
of substrate in CkCloat1 78 °C.

Note: No signals corresponding 86were observed itH-NMR analyss of the crude
reaction mixture.
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4.NMR Spectra
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HMQC (700 MHz, CDCl3)
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HMBC (700 MHz, CDCl3)
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13C-NMR (176 MHz, CDCls)
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