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General remarks

'H-NMR spectraThese were recorded on Bruker DPX-250 (250 MiBzjtker DRX-400 (400 MHz) and Bruker DRX-
500 (500 MHz) spectrometers using deuterochlorofasnan internal deuterium lock. The chemical siié quoted in
ppm relative to tetramethylsilan&,(= 0.00 ppm). The multiplicity of the signal iicated as: s - singlet, d - doublet, t
- triplet, q - quartet, gn - quintet, br - broad; multiplet, dd - doublet of doublets, dt - douldé triplets etc. Coupling
constantsJ) are quoted in Hz.

Two dimensional (2D) spectra were recorded on BrikdeX-500 (500 MHz) spectrometers, fitted with gead coils.
Double Quantum Filtered (DQF) and magnitude COS&ctp were typically acquired with 256 slices inadhd 2048
points in i (acquisition time appoximately 20 min).

13C-NMR spectraThese were recorded on Bruker DPX-250 (62.5 Mafr) Bruker DRX-400 (100 MHz) instruments
using an internal deuterium lock and proton dedogpl The chemical shift are quoted in ppm relatie
tetramethylsilaned(; = 0.00 ppm). The attached proton tests (APTewesed to assign signals in particular cases.
Infrared spectra These were recorded on a Perkin-Elmer 1600 sEfiéR spectrometer (nujol, film, CH¢)I Relative
intensities are indicated as s, stromgmedium; w, weak; br, broad.

Mass spectraThese were recorded by the EPSRC Mass SpectiprBetvice Centre, University of Swansea or the
University of Cambridge. In Swansea, Electron loig&l) and Chemical lonisation (Cl) low resolutispectra were
carried out on a VG model 12-253 under ACE condgi@and a Quattro Il low resolution triple quadrg®is.
Accurate mass measurements for El and Cl were peefib on a +VG ZAB-E and Finnigan MAT 900 XLT ingtnants.
In Cambridge, FAB, El and CI low resolution and @ate mass spectra were performed on a Kratos MSa86 on a
Micromass Q-TOF instrument. Electrospray specteegevdetermined with an ES Bruker FTICR. All Cl ma@ments
were performed with Nkas the carrier gas.

Melting Points Melting points were determined using a Biichi &idlting point apparatus, and are uncorrected.
Kugelrohr bulb-to-bulb distillationsThese were carried out using a Blichi GKR-51 nmaehiBoiling points are the
actual oven temperatures.

Chromatography Flash chromatography was carried out on silica[derck 9385 Kieselgel 60 (230-400 ASTM)].
TLC was performed on 0.25 mm thick plates precoaiitid Merck Kieselgel 60 f, silica gel.

Solvents Dry THF was distilled from potassium in a recwygistill using benzophenone ketyl as indicator. hedt
solvents were purified by standard techniqtieEther refers to diethyl ether. Dioxane refersljot-dioxane. Brine

refers to a saturated solution of sodium chlorideater.
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EXPERIMENTAL
Investigations into the regiochemical outcome of #hintramolecular nitrone dipolar cycloaddition readion.
Model studies: formation of the nitrone by direct hydroxylamine-alkyne cyclisation

: \/O\/\/\OH

4-Benzyloxybutan-1-ol, 14

Sodium hydride (50% dispersion in mineral oil; §,3150 mmol, 1.3 eq) was dissolved in dry dioxab fiL) and the
mixture cooled to OC under nitrogen. Butan-1,4-diol (16.0 g, 180 mniob eq) was added dropwise over 40 min and
the reaction mixture warmed to 25 °C and stirred3fo. Benzyl chloride (13.5 mL, 18 mmol, 1 eq)svealded dropwise
over 35 min and the reaction heated at reflux férHL The reaction mixture was cooled to 25 °Gshea with brine (40
mL) and water (40 mL) and the combined aqueousietdd with dichloromethane (3 x 60 mL). The corebimrganics
were dried (MgSQ) and concentratedth vacuoyielding a yellow oil. The compound was purifieg lash column
chromatography (1:1 hexane:EtOAc) yielding the nimrzylated product4 (17.0 g, 80%) as a light yellow oil; B.38
(1:1 hexane:EtOAc)dy (250 MHz; CDC}) 7.35-7.22 (5H, m, aromatics), 4.52 (2H, s, PbQ), 3.66 (2H, gqJ 5.1,
CH,0OH), 3.55 (2H, tJ 7.1, BnOGH,), 2.18-2.10 (1H, tJ 5.1, OH) and 1.87-1.60 (4H, m, 2 )Hg); data identical to

literature values.

©\/0\/\/\|

4-Benzyloxy-1-iodobutane, 15.

4-Benzyloxybutan-1-014 (17.0 g, 94 mmol, 1 eq) was dissolved in dichloettmne (76 mL) and DMAP (115 mg, 0.94
mmol, 0.01 eq) and triethylamine (19.7 mL, 140 mndob eq) were added. The mixture was stirred5a®Q@ under
nitrogen and a solution @ara-toluenesulfonyl chloride (18.0 g, 94 mmol, 1 eqiiohloromethane (59 mL) was added
dropwise over 30 min. The mixture was stirred 6 h and then poured into water (70 mL). The ogmmwere
separated and washed with aqueous hydrochloric @cidl; 2 x 50 mL) and the combined aqueous extchetih
dichloromethane (3 x 50 mL). The combined orgamiese dried (MgSQ) and concentrateid vacuoyielding the crude
tosylate as a yellow oil. The crude tosylate wasalived in acetone (150 mL) and sodium iodide (81240 mmol, 1.5
eq) added. The mixture was stirred for 16 h umiteogen with the exclusion of light and then palimeto a mixture of
water (150 mL) and ether (150 mL). The aqueousseasrated and extracted with ether (2 x 50 mL)taaccombined
organics were dried (MgSPand concentrateth vacuoyielding an orange oil. The compound was purifisdflash
column chromatography (19:1 hexane:EtOAc), withaRelusion of light, yielding the iodidE5 (24.0 g, 88%) as a pale
yellow oil; R 0.46 (9:1 hexane:EtOAc);; (250 MHz; CDC}) 7.35-7.23 (5H, m, aromatics), 4.50 (2H, s, PbQ), 3.52
(2H, 1,J10.1, BnO®1,), 3.32 (2H, tJ 10.2, GH,l), 2.00-1.90 (2H, m, B,) and 1.80-1.78 (2H, m,KL); data identical to

literature values.
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2-(Pent-4-yn-1-yloxy)tetrahydropyran, 17.

Pent-4-yn-1-of16 (10.0 g, 0.119 mol) and 3,4-dihydropyran (10.0.419 mol) were dissolved in dichloromethane (100
mL). Amberlysf 15 acidic ion exchange resin (1.0 g) was addeditiza reaction monitored by tlc (1 : 1 hexane eBth
The mixture was stirred under nitrogen at rt forl@4iltered and the solvent was removadvacuoto give the crude
product as a brown oil. The crude product wasfigariby flash column chromatography eluting with :18 hexane :
EtOAc. The product was further purified by Kugdirdoulb-to-bulb distillation to yield the THP eth&r (19.2 g, 96%)

as a colourless oil;{®.57 (1 : 1 hexane : ether) and 0.38 (10 : 3 hexdftOAc); bp 180 °C, 20 mmHg (I.,60 °C, 1.5
MMHQ); vinax (film) 3297, 2942, 2871, 2119, 1441, 1137 and 1@&1"; oy (CDCls, 200 MHz) 4.59 (1H, td) 3.6 and
1.2, HOy), 3.90 - 3.70 (2H, m, B,0THP), 3.50 - 3.40 (2H, m,K;0O), 2.32 (2H, tddJ 7.3, 2.7 and 0.5, i©,C=C), 1.94
(1H, 1,3 2.7, CG=CH) and 1.90 - 1.50 (8H, m, 4 x H3-).

e
\/\/\NO o
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2-(9-Benzyloxynon-4-yn-1-yloxy)tetrahydropyran, 18.

n-Butyllithium (1.5 M in hexane; 9.68 mL, 14.5 mmaljas added slowly dropwise to a stirred solutior?gpent-4-
ynyl-1-oxy)tetrahydropyrail7 (2.22 g, 13.2 mmol) in dry THF (25 mL) at —10 °@der nitrogen. After 10 min. dry
DMPU (8.25 mL) was added, and the mixture stirreda further 10 min. A solution of the 4-benzylekyodobutane
15(3.83 g, 13.2 mmol) in dry THF (10 mL) was addéd-80 °C. The mixture was stirred for 1 h at —00) and was
then warmed to 25 °C and stirred for 45 h. Theton& was poured into brine (120 mL) and extractdth w
dichloromethane (240 mL, 2 x 120 mL). The combimedanic extracts were dried (Mg9Cand the solvent was
removedn vacuo The crude product was purified by flash colurhromatography eluting with 19 : 1 hexane/EtOAc to
yield the purealkynel8 (2.51 g, 88%) as a colourless d#;0.45 (hexane/EtOAc, 9:1) and 0.09 (hexane/EtOAc])1
FTIR Vinay (KBr) 2944, 2865, 1495, 1451, 1358, 1200, 1119,01a®26 crit; 5, (CDCls, 250 MHz) 7.39-7.21 (5H, m,
aromatics), 4.59 (1H, § 3.5, HO,), 4.50 (2H, s, PhB,0), 3.93 - 3.75 (2H, m, KK,0), 3.55-3.41 (2H, m, B,O0THP),
3.49 (2H, t,J 6.5, H,0OBn), 2.26 (2H, ttJ 7.0 and 2.5, 8,C=C,), 2.17 (2H, ttJ 7.0 and 2.5, ECCH,), 1.83-1.45
(12H, m, 6 x ®l,); Jc (CDCl;, 63 MHz) 138.6, 128.3, 127.6, 127.5, 98.7, 80948,/72.9, 69.9, 66.1, 62.1, 30.7, 29.3,
28.9, 25.8, 25.5, 19.5, 18.6, 15.6; HRMS (@i calcd for GiH»¢05 (M-H): 329.2117, found 329.2139; MS (ClI, iH
m/z331 (16%), 330 (18), 329 (48), 295 (8), 281 (2B){ (14), 247 (24), 223 (14), 221 (36), 207 (401 116), 167 (19),
147 (100), 136 (49), 123 (54), 108 (81).



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

@vow\/\mw

9-Benzyloxynon-4-yn-1-ol, 19.

2-(9-Benzyloxynon-4-ynyl-1-oxy)tetrahydropyrabh8 (2.75 g, 8.32 mmol) was dissolved in methanol (®Q).
Amberlysf 15 acidic ion exchange resin (1.50 g) was addelttaa mixture stirred at 25 °C for 23 h. The migtwas
filtered and the product purified by flash colunfir@matography eluting with 1:1 hexane/EtOAc to dive alcoholl9
(1.98 g, 97%) as a colourless @#;0.39 (hexane/EtOAc, 1:1); (Found: C, 77.60; H29@ ¢H,,0, requires C, 78.01; H,
9.00%); FTIRVyax (KBr) 3388, 3030, 2941, 2864, 1496, 1454, 1362511075, 773 cflt oy (CDCl;, 400 MHz) 7.36-
7.24 (5H, m, aromatics), 4.49 (2H, s, PHO), 3.72 (2H, tJ 6.0, (H,OH), 3.47 (2H, tJ 6.5, H,0OBn), 2.25 (2H, tt]
7.0 and 2.5, €,C=C), 2.16 (2H, ttJ 7.0 and 2.5, ECCH), 1.83-1.65 (5H, m, 2 x1g,, OH), 1.62 - 1.51 (2H, m, B,);
oc (CDCl;, 100 MHz) 138.6, 128.4, 127.7, 127, 80.7, 79.79,/29.9, 62.0, 31.6, 28.9, 25.8, 18.6, 15.4; HRI@§ m/z
calcd for GgH230, (M+H)™: 247.1698, found: 247.1720; MS (CI, §H47 [(M+H)", 55%], 232 (11), 187 (7), 155 (16),
137 (12), 105 (12), 91 (100), 71 (20), 58 (43)(33).

s

9-Benzyloxynon-4-ynal, 20.

A _0

A solution of oxalyl chloride (0.48 mL, 704 mg, 5.51mol) in dry dichloromethane (50 mL) was cooled-78 °C under
argon. A solution of dry DMSO (0.79 mL, 866 mg,.11dInmol) in dry dichloromethane (5 mL) was addenimy
dropwise maintaining the temperature below —65at(@ the resulting white precipitate stirred forr8ih. A solution of
9-benzyloxynon-4-yn-1-019 (621 mg, 2.52 mmol) in dry dichloromethane (5 migs added slowly dropwise and the
mixture stirred for 1 h at =78 °C. A solution af/driethylamine (1.9 mL, 1.4 g, 13.9 mmol) in dtichloromethane (5
mL) was added slowly dropwise and the mixture afldwo warm to 25 °C over 1 h. The mixture was pdunto water
and the layers were separated. The aqueous lagextracted with dichloromethane (2 x 50 mL) dmal ¢combined
organic extracts were washed with saturated bB&@enfL) and dried (MgS§). The solvent was removéd vacuoto
give the crude product as a yellow oil which wagifijgd by flash column chromatography eluting with3
hexane/EtOAc to yield thaldehyde20 (554 mg, 90%) as a pale yellow o 0.13 (hexane/EtOAc, 9:1) and 0.44
(hexane/EtOAC, 7:3); FTIRyax (KBr) 3030, 2940.5, 2912, 2862, 2727, 1728, 149641 1360, 1206, 1106, 877 ¢m
on (CDClz, 400 MHz) 9.77 (1H, tJ 1.5, (HO), 7.36-7.24 (5H, m, aromatics), 4.49 (2H, s, RKQ), 3.47 (2H, tJ 6.5,
CH,0OBn), 2.60 (2H, t,J 7.0, (H,CHO), 2.46 (2H, ttd) 7.0, 2.5 and 0.5, €CCH,CH,CHO), 2.15 (2H, ttJ 7.0 and 2.5,
CH,C=C), 1.73-1.61 (2H, m, |&,), 1.59-1.50 (2H, m, B,); dc (CDCl;, 100 MHz) 201.2, 138.6, 128.4, 127.6, 127.5,
81.2,78.1, 72.9, 69.9, 43.0, 28.9, 25.6, 18.32;14S (CI, NHy) m/z 261 [(M+OHY', 47%)], 245 [(M+H]J, 12], 243 (14),
225 (10), 201 (16), 187 (26), 169 (15), 151 (28R (13), 123 (17), 108 (22), 91 (100).
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(2)-11-Benzyloxyundec-2-en-6-ynenitrile, 21.
Trimethylsilylacetonitrile (239 mg, 2.11 mmol) waissolved in dry THF (4.2 mL) and cooled to —78ui@ler argon.n-
Butyllithium (1.5 M in hexane; 1.4 mL, 2.11 mmol)as added slowly dropwise and the mixture stirred2® min.
Triisopropyl borate (0.49 mL, 2.11 mmol) was addedl the mixture stirred for a further 10 min. Ausion of 9-
benzyloxynon-4-ynaP0 (516 mg, 2.11 mmol) in dry THF (1.7 mL) was adaedl after 2 min. dry HMPA (0.84 mL)
was added. The mixture was stirred at —78 °C fom®n., during which time the reaction was monitbiey TLC
(hexane/EtOAc, 7:3). Water (6 mL) was added aedntixture allowed to warm to 25 °C. The mixturesvgeured into
water (50 mL) and extracted with ether (3 x 50 mhe combined organic extracts were dried (MgSd the solvent
removedin vacuoto give the crude product as a yellow oil whichsvpaurified by flash column chromatography eluting
with 4:1 hexane/EtOAc to yield the pure nitrd& (332 mg, 64%; 1:6.8&:Z) as a pale yellow o0iR 0.47 (hexane/EtOAc,
7:3), 0.31 (hexane/EtOAc, 4:1) and 0.21 (hexaneMe{®:1); FTIR v (KBr) 3031, 2916, 2850, 2221, 1496, 1454,
1435, 1365, 1332, 1105, 1028, 773, 698'cey (CDCl, 400 MHz) 7.36-7.25 (5H, m, aromatics), 6.56 (Hi,J 11.0
and 7.5, G=CHCN), 5.36 (1H, dtJ 11.0 and 1.5, CH=BCN), 4.49 (2H, s, Phig,0), 3.48 (2H, tJ 6.5, GH,0Bn),
2.58 (2H, qd)) 7.5 and 1.5, 8,CH=CHCN), 2.32 (2H, 1) 7.0 and 2.5, 8,C=C), 2.17 (2H, tt,) 7.0 and 2.5, ECCH,),
1.74-1.64 (2H, m, 8,), 1.61-1.52 (2H, m, B,); éc (CDCl,;, 100 MHz) 153.2, 138.6, 128.4, 127.6, 127.5, 81500.6,
81.8, 77.9, 72.9, 69.9, 31.6, 28.9, 25.6, 18.59;1ARMS (CI) m/z calcd for GgH,,NO (M+H)": 268.1701, found
268.1709; MS (CI, Nk 267 [(M+H)", 100%)], 208 (10), 154 (45), 106 (59).

HO Il

N~
(2)-11-Hydroxyundec-2-en-6-ynenitrile, 22.
(2)-11-Benzyloxyundec-2-en-6-ynenitrigl (330 mg, 1.23 mmol) was dissolved in dry dichloatihane (20 mL) under
nitrogen. Boron trichloride-methyl sulfide complék0 M in dichloromethane; 1.23 mL, 2.5 mmol) veakled and the
mixture stirred for 90 min. The reaction was moretd by TLC (hexane/EtOAc, 1:1). Further boronhioride-methyl
sulfide complex (1.0 M in dichloromethane; 0.62 nil23 mmol) was added and the mixture stirred fatlaer 75 min.
The mixture was poured into saturated aqueous sobigdrogen carbonate solution (50 mL) and extraetitld ether (3
X 75 mL). The combined organic extracts were d{iddSQ,) and the solvents removea vacuoto give the crude
product as a pale yellow oil. The product wasfirdiby flash column chromatography eluting with hexane/EtOAc
to yield the purealcohol 22 (164 mg, 76%) as a pale yellow dit; 0.23 (hexane/EtOAc, 1:1); FTIR,« (KBr) 3401,
3067, 2939, 2866, 2222, 1435, 1332, 1059, 1031,57€B61"; dy (CDCl;, 400 MHz) 6.55 (1H, dtJ 11.0 and 7.5,
CH=CHCN), 5.38 (1H, dtJ 11.0 and 1.5, CH=BCN), 3.64 (2H, tdJ 6.5 and 2.0, 8,0H), 2.55 (2H, qJ 7.5,
CH,CH=CHCN), 2.32 (2H, ttJ 7.0 and 2.5, 8,C=C), 2.17 (2H, ttJ 7.0 and 2.5, ECCH,), 1.69-1.58 (3H, m, B,,
CH,0H), 1.58-1.49 (2H, m, B,); éc (CDCl;, 100 MHz) 153.3, 115.9, 100.6, 81.8, 78.0, 62148331.2, 25.1, 18.5,
17.9; HRMS (Cl)m/z calcd for GiHigNO (M+H)": 178.1232, found: 178.1231; MS (CI, BHWz 195 (40%), 178
(100), 160 (36), 149 (10), 132 (22), 121 (12), (14), 91 (22), 77 (12), 65 (13), 55 (9).
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(2)-10-Cyanodec-9-en-5-ynal, 23.
(2)-11-Hydroxyundec-6-yn-2-enenitril22 (120 mg, 0.677 mmol) was dissolved in dry dichtoethane (6 mL) and
cooled to 0 °C. Activated 4 A MS were added arelrtfixture stirred under nitrogen. NMO (350 mg,%28mol) was
added and the mixture brought to 25 °C. TPAP (g0 4 mol%) was added and the mixture stirrec6min., with
monitoring by TLC (hexane/EtOAc, 1:1). The mixtwme@s filtered through silica (SgOMerck 9385) and the solvent
removedin vacuoto yield thealdehyde23 (111 mg, 94%) as a pale yellow di; 0.58 (hexane/EtOAc, 1:1); FTR .«
(KBr) 2929, 2849, 2727, 2221, 1723, 1436, 1391313261, 1087, 1021, 773 ey (CDCls, 400 MHZz) 9.79 (1H, tJ
1.5, HO), 6.55 (1H, dtJ 11.0 and 7.5, BC=CHCN), 5.39 (1H, dtJ 11.0 and 1.5, CH=BCN), 2.63-2.53 (4H, m,
CH,CH=CHCN, tH,CHO), 2.33 (2H, ttJ 7.0 and 2.5, 8,C=C), 2.22 (2H, ttJ 7.0 and 2.5, ECCH,), 1.81 (2H, gn,
7.0, H,); 6c (CDClz, 100 MHz) 202.1, 153.0, 115.8, 100.8, 80.7, 7823, 31.1, 21.3, 18.1, 17.9; HRMS (Qiyz
calcd for G;H1,NO (M-H): 174.0919, found: 174.0923; MS (CI, WHnz 193 (30%), 176 (19), 174 (50), 146 (13), 132
(30), 116 (55), 84 (27), 49 (100).

OH

. N
N Il
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(2)-10-Cyanodec-9-en-5-ynal oxime, 24.

To a solution of Z)-10-cyanodec-5-yn-9-end@3 (100 mg, 0.635 mmol) in EtOH (5 mL) was added htsmn of
hydroxylammonium chloride (119 mg, 1.71 mmol) awdiam acetate (140 mg, 1.71 mmol) in water (1.8 . mChe
mixture was stirred at 25 °C for 30 min., with Tib@nitoring (hexane/EtOAc, 1:1). The mixture wasi@al into water
(10 mL) and extracted with EtOAc (3 x 20 mL). Tbembined organic extracts were dried {8@;) and filtered
through silica (Si@Q Merck 9385). The solvent was removedacuoto yield theoxime24 (114 mg, 94%) as a 1:1 ratio
of stereoisomers (which were not separated) adoartess oil;R; 0.38 and 0.44 (hexane/EtOAc, 1:1); FNRy (KBr)
3415, 3263, 2925, 2857, 2222, 1733, 1605, 143531831, 467 cif, oy (CDCl;, 400 MHz) 8.05 (0.5H, br s,1), 7.77
(0.5H, br s, ®), 7.43 (0.5H, tJ 6.0, AH=NOH), 6.73 (0.5H, tJ 5.5, (H=NOH), 6.57 (0.5H, dtJ 11.0 and 7.5,
CH=CHCN), 6.56 (0.5H, dt] 11.0 and 7.5, B=CHCN), 5.39 (1H, dtJ 11.0 and 1.5, CH=BCN), 2.59 (2H, g, 7.0,
CH,CH=CHCN,), 2.47 (1H, tdJ 7.5 and 5.5, 8,CH=NOH), 2.44-2.27 (3H, m, i&,CH=NOH, H,C=C), 2.25-1.18
(2H, m, G=CCHy,), 1.68 (approx. 1H, gn] 7.0, CtH,), 1.68 (approx. 1H, qn] 7.5, H,); dc (CDCl;, 100 MHz) 153.1,
152.1, 151.5, 115.8, 100.7, 81.0, 78.6, 31.1, 2607, 25.4, 24.2, 18.6, 18.2, 17.9; HRMS (@fgcalcd for G;H;sN,O
(M+H)": 191.1184, found: 191.1173; MS (CI, NHn/z 191 (8%), 83 (60), 64 (10), 49 (100).
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(1R* 5R* 6R*)-6-Cyano-8-aza-7-oxatricyclo[6.4.0.b°|dodecane, 29,

(1R* 5R*,6S*)-6-Cyano-8-aza-7-oxatricyclo[6.4.0.b°|dodecane, 30,
(1R*,8S*,12S%)-12-Cyano-7-aza-6-oxatricyclo[6.3.1.%°dodecane, 27

and (1R*,8S*,12R*)-12-Cyano-7-aza-6-oxatricyclo[6.3.1.57dodecane, 28.

Method 1:
(IDH
N
N Ve
(0]
27

To a solution of Z)-10-cyanoundec-9-en-5-ynal oxin2 (62.4 mg, 328 pumol) in MeOH (15 mL) under argonswa
added sodium cyanoborohydride (44.0 mg, 656 pumMgthyl orange indicator (2 drops) was added ardntixture
cooled to —10 °C. Hydrochloric acid (6 M in MeOttas added dropwise so as just to keep the solpiitha (pH 3).
After 10 min. sodium hydroxide (10% in MeOH; 6 mjas added, and the mixture poured into saturatee (20 mL)
and extracted with dichloromethane (4 x 20 mL).e Tombined organic extracts were dried (MgSahd the solvent
removedin vacuo The crude hydroxylaming5 was dissolved in dry toluene (20 mL) and heatetkumeflux for 26 h.
The solvent was removeth vacug and the products were separated by preparativ€ Tiourfold elution,
hexane/EtOAc, 9:1) to give the add@6t(1.2 mg, 2%).R; 0.54 (hexane/EtOAc, 1:19;; (CDCls, 500 MHz) 4.24 (1H, d,

J 5.3, GH(O)CN), 3.20-2.80 (2H, m, I8,N), 2.60-2.40 (1H, m, BCH(O)CN), 2.40-0.5 (12H, m, 6 xHG). Further
elution gave the addu® (2.2 mg, 4%) as a white glassy solR{0.38 (4 x hexane/EtOAc, 9:1). An inseparable nrixtu
was obtained on further elution, which appearedotatain the other regioisome2g and28 (3 mg, ~5%; 1:1.27 : 28)
with key diagnostic data as follows; R24 (hexane/EtOAc, 1:1% (500 MHz, CDC}) 4.83 (1H, d,J 4.7,28CHO),
2.84 (1H, s28-CHCN).
Method 2:

CN

The a,f-unsaturated nitrile39 (20 mg, 0.07 mmol) was dissolved in ether and dddea high pressure reaction tube.
The ether was removed under a flow of nitrogen thedflask evacuated and refilled three times. @&oéu(8 mL) was
added and the solution was freeze-thaw degassimi€8). The suba seal was then exchanged quiokithé screw cap
and the tube heated at 100 °C for 2 h and therethedt160 °C for 3 h under argon. The solvent tivas removedn
vacua

The residue was purified by flash column chromadpby (4:1 hexane:EtOAc) yielding tlheb,5-adduc®9 (3 mg, 15%)

as a white crystalline solid which was recrystatlisrom CHCl,:pentane; mp 70-72 °C (from GEl,:pentane); R0.24
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(4:1 hexane:EtOACK na (film) 2932, 2855, 2162 and 1446 ¢ndy (500 MHz; CDC}) 4.92 (1H, dJ 9.0, GH(O)CN),

3.37 (1H, dt,J 14.6 and 4.1, BHN), 3.09 (1H, dddJ 4.1, 11.7 and 14.6, HHN), 2.75 (1H, dt,J 9.0 and 3.3,
CHCH(O)CN), 2.09-2.01 (2H, m, I&,), 1.96-1.91 (1H, m, B), 1.87-1.78 (3H, m, B and (H,), 1.70-1.60 (2H, m,
CH,) and 1.53-1.30 (4H, m, 2 xH3); 8¢ (125 MHz; CDC}) 117.6 , 74.0 , 69.5, 57.4, 49.0, 35.2, 31.8, 29613, 21.5
and 21.5; HRMS (ESn/zcalcd for G;H;/N,O (M+H)™: 193.1341, found: 193.1346; MES)m/z193 [(M+H)", 100%)],

177 (40) and 90 (35); followed by the starting miate39 (16 mg, 77%) as a colourless oil.

Method 3:

O—Z
w
[Te]

Ph

O o)
27 28

Thea,f-unsaturated nitrile39 (44.0 mg, 0.15 mmol) was dissolved in diethyl ettned added to a high pressure reaction

tube. The ether was removed under a flow of nirognd the flask evacuated and refilled three tinfesduene (15 mL)
was added and the solution was freeze-thaw degé3sedes). The suba seal was then exchangedlgdmkthe screw
cap and the tube heated at 185 °C for 3 h undenar@he solvent was then removiadzacuo The residue was purified
by flash column chromatography (4:1 hexane:EtOAelding the6,5,5-adduct®9 and30 (2.6 mg, 8%; 6:29:30) as an
inseparable mixture with key diagnostic data alev¥e: R 0.24 (4:1 hexane:EtOAc), (250 MHz; CDC}) 4.92 (0.85H,
d,J 9.0, (H(O)CN), 4.24 (0.15H, d] 5.3, GH(O)CN).

Further elution yielded a third spot which, on NMdMalysis was found to be a mixture of three comgdeun
Repurification by flash column chromatography (8gxane:EtOAc) yielded th&,6,5-adduct27 (7.8 mg, 27%) as a
colourless oil; R0.13 (4:1 hexane:EtOACYmax(film) 2940, 2864, 2238 and 1448 ¢ndy (500 MHz; CDC}) 4.74 (1H,
ddd,J 2.6, 3.1 and 6.21@0), 3.46 (1H, ddJ 2.3 and 6.0, HCN), 3.40 (1H, ddtJ 1.8, 11.0 and 3.4, {HN-equatorial),
2.50 (1H, ddd) 3.2, 11.0 and 13.6, GitN-axial), 2.16 (1H, ddt) 6.4, 14.4 and 3.2, G#), 2.01-1.94 (1H, m, CH),
1.85 (1H, dtJ 6.0 and 13.5, CH), 1.78-1.75 (2H, m, B,), 1.72-1.53 (5H, 2 x B, and @) and 1.31-1.24 (2H, m,
CH,); dc (125 MHz; CDC}) 117.8 , 76.0, 64.9 , 55.6, 37.5, 35.9, 31.9, 2245, 19.4 and 17.6; HRMS (E8)/z
C11H17N,O caled for (M+HJ: 193.1341, found: 193.1332; MS (E®)z193 [(M+H)*, 100%], 177 (40) , 152 (30) and
136 (35); followed by an inseparable mixture of eatd®27 and adduc®8 (2.4 mg,6%) with key diagnostic data as
follows; 8y (250 MHz; CDC}) 4.83 (1H, dJ 4.7, GHO) and 2.84 (1H, s, @CN); and starting materi@9 (2.4 mg, 6%);

data consistent with those reported previosly.
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Microwave reactions

(1R* 8S*,125%)-12-Cyano-7-aza-6-oxatricyclo[6.3.1.8°jdodecane, 27 and (B*8S*12R*)-12-Cyano-7-aza-6-
oxatricyclo[6.3.1.0"dodecane, 28.

Method A:

The a,f-unsaturated nitrile39 (5 mg, 0.017 mmol) was dissolved in ether andsfiemed to a microwave tube. The
ether was removed under a flow of nitrogen andfldek evacuated, refilled three times with argod #me microwave
tube was sealed. Chlorobenzene (1.7 mL) was aald@dhe mixture was then subjected to microwawaliation at 150
°C for 30 min. The solvent was then remoiredacuo

The compound was purified by flash column chromaphy (4:1 hexane:EtOAc) yielding a 6:1 mixturetlod adducts
27 and28 (3 mg, 60%) as a colourless oil; data identicahtise reported previously.

Method B:

The a,f-unsaturated nitrile39 (3 mg, 0.010 mmol) was dissolved in ether andsfiemed to a microwave tube. The
ether was removed under a flow of nitrogen andfldek evacuated, refilled three times with argod #me microwave
tube was sealed. Chlorobenzene (1.0 mL) was aald@édhe mixture was then subjected to microwawliation at 140
°C for 20 min. The solvent was then remoiredacuo

The compound was purified by flash column chromaphy (4:1 hexane:EtOAc) yielding a 6:1 mixturetlod adducts

27 and28 (3 mg, 60%) as a colourless oil; data identicahtise reported previously.

(1R* 5R* 6R*)-6-Cyano-8-aza-7-oxatricyclo[6.4.0.b°dodecane, 29,

(1R* 5R* 6 S*)-6-Cyano-8-aza-7-oxatricyclo[6.4.0.b°dodecane, 30,
(1R*,8S*,12S%)-12-Cyano-7-aza-6-oxatricyclo[6.3.1.%°dodecane, 27

and (1R*,8S*,12R*)-12-Cyano-7-aza-6-oxatricyclo[6.3.1.8°dodecane, 28.

Thea,f-unsaturated nitril&9 (3 mg, 0.017 mmol) was dissolved in ether andsfiemed to a microwave tube. The ether
was removed under a flow of nitrogen and the flagicuated, refilled three times with argon andrtierowave tube
was sealed. Chlorobenzene (1.0 mL) was addedhendhixture was then subjected to microwave irréatiaat 140 °C
for 15 min. The solvent was then removedacuo

The compound was purified by flash column chromatphgy (4:1 hexane:EtOAc) yielding a 4:1:12:2 migtwf the
adducts29, 30, 27 and28 and the starting materidb (2 mg overall) as a colourless oil; data identicathose reported

previously.
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Investigations into the regiochemical outcome of # intramolecular nitrone dipolar cycloaddition
reaction.
Model studies: formation of the nitrone by dipolarcycloreversion

//\”C?J<

P O,Sl

1-(tert-Butyldiphenylsilanyloxy)-pent-4-yne, 31. t

Pent-4-yn-1-0l16 (10.0 g, 120 mmol, 1 eq) and chlaert-butyldiphenylsilane (31.0 mL, 120 mmol, 1 eq) were
dissolved in dichloromethane (100 mL) under nitrageA solution of imidazole (12.2 g, 180 mmol, 1e§) in
dichloromethane (160 mL) was added dropwise ovema® and the reaction mixture stirred for 16 h. Teaction
mixture was poured into aqueous hydrochloric a2i#i{ 200 mL) and the aqueous extracted with dichogthane (3 x
100 mL). The combined organics were dried (MgS&hd the solvent was removidvacuoyielding a yellow oil. The
compound was purified by flash column chromatogyafthl hexane:ether) yielding the protected alc@b(32.8 g,
85%) as a colourless 0il;;R.61 (9:1 hexane:EtOAcPy (250 MHz; CDC}) 7.69-7.66 (4H, m, aromatics), 7.44-7.36
(6H, m, aromatics), 3.76 (2H, 1,7.5, (H,0Si), 2.36 (2H, dtJ 1.0 and 7.5, €6,C=C), 1.92 (1H, dJ 1.0, GCH), 1.79
(2H, qn,J 7.5, tH,) and 1.06 (9H, s, C(€s),); data identical to literature valuds.

©VOM\/\NO\S§<>

1-(tert-Butyldiphenylsilanyloxy)-9-benzyloxynon-4-yne, 32

1-(tert-Butyldiphenylsilanyloxy)pent-4-yn81 (12.4 g, 39 mmol, 1.1 eq) was dissolved in THF {3 and cooled to —
78 °C under nitrogenn-Butyllithium (1.6 M in hexane; 24.1 mL, 39 mmollleq) was added dropwise and the mixture
stirred for 1 h at —78C. A solution of 4-benzyloxy-1-iodobutadé (10.0 g, 35 mmol, 1 eq) in THF (25 mL) was added
and the mixture heated at 3G for 36 h. Satd. aqueous NH (90 mL) was added and the organics separatdte T
aqueous was further extracted with ether (2 x 45 and the combined organics dried (Mgp@nd concentrateth
vacuoyielding a yellow oil. The compound was purifiegd flash column chromatography (3:1 2:1 hexane: CCl,) to
yield the nonyne32 (15.0 g, 88%)as a colourless oil; (R0.12 (4:1 hexane: GiEl,); (Found: C, 79.5; H, 8.3%.
CaHag0,Si requires C, 79.3; H, 8.3%);nax (film) 3068, 2930, 1958, 1888, 1821, 1588, 1494] 4427 crit; 5, (250
MHz; CDCl) 7.76-7.72 (4H, m, aromatics), 7.47-7.38 (11H,ammatics), 4.55 (2H, s, PRZO), 3.81 (2H, t,J 5.8,
CH,0Si), 3.53 (2H, tJ 8.3, BnOCH,), 2.36-2.35 (2H, m, B,C=C), 2.22-2.20 (2H, m, &CCH,), 1.82-1.62 (6H, m, 3 x
CH,) and 1.12 (9H, s, C(€)3); 8¢ (62.5 MHz; CDC}) 138.7, 135.6, 134.0, 129.6, 128.4, 127.7, 121227,5, 80.1, 80.0,
72.9, 70.0, 62.6, 32.1, 29.0, 26.9, 25.9, 19.37 Had 15.4; HRMS (ESn/zcalcd for G,H4,0,Si (M+H)": 485.2876,
found: 485.2879; MSES)m/z502 [(M+NH;), 100%)] and 108 (30).
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9-(tert-Butyldiphenylsilanyloxy)non-5-yn-1-ol.

The benzyl etheB2 (1.4 g, 2.9 mmol, 1 eq) was dissolved in dichloetimne (14 mL) and cooled to°C under
nitrogen. Boron trichloride-dimethyl sulfide corepl (2.0 M in CHCI,; 2.2 mL, 4.3 mmol, 1.5 eq) was added dropwise
over 30 min. The reaction was allowed to warm 50°€ and stirred for 16 h. The mixture was codled® °C and
stirred vigorously during the portionwise additiohsatd. aqueous NaHG®14 mL). The mixture was stirred for a
further 10 min and the organics separated. The@e was extracted with dichloromethane (3 x 15 @ntd the
combined organics dried (MgQand concentrateith vacuobefore further drying by azeotroping with tolugi8ex 10
mL) yielding a yellow oil. The compound was purifiby flash column chromatography (1:1 hexane:etteeyjeld the
titte compound(1.1 g, 91%) as a light yellow oil;;®.22 (1:1 hexane:ether); (Found: C, 76.1; H, 8.1H3,0,Si
requires 76.1; H, 8.7%Nma(film) 3353, 3070, 2931, 1959, 1890, 1825, 15897114nd 1428 ci 8y (250 MHz;
CDCly) 7.71-7.66 (4H, m, aromatics), 7.48-7.26 (6H, mynaatics), 3.75 (2H, t) 6.1, (H,0Si), 3.64 (2H, gJ 5.9,
HOCH,), 2.34-2.27 (2H, m, B,C=C), 2.21-2.15 (2H, m, €CCH,), 1.76 (2H, qnJ 6.4, (H,), 1.70-1.44 (5H, m, 2 x
CH, and H) and 1.06 (9H, s, C(€)s); 8¢ (62.5 MHz; CDC}) 135.6, 134.0, 129.5, 127.6, 80.1, 80.0, 62.55,622.0,
31.9, 26.9 (q), 25.3, 19.2, 15.5 and 15.3; HRMS) {E& calcd for GsH3s0,Si (M+H)™: 395.2406, found: 395.2402; MS
(ES)m/z412 [(M+NH,)", 20%], 317 (100) and 239 (30).

9-(tert-Butyldiphenylsilanyloxy)-non-5-ynal.

Oxalyl chloride (3.0 mL, 34 mmol, 3 eq) was dissalvin dichloromethane (207 mL) and cooled to 2Z8under
nitrogen. A solution of DMSO (3.6 mL, 50 mmol, 4ed) in dichloromethane (20 mL) was added dropwisé the
solution stirred for 1.25 h at —7&. A solution of 94ert-butyldiphenylsilanyloxy)non-5-yn-1-ol (4.5 g, 11nmol, 1 eq)

in dichloromethane (62 mL) was added and the reagctiixture stirred for a further 1.25 h. Triethylme (8.7 mL, 63
mmol, 5.5 eq) in dichloromethane (10 mL) was added the reaction warmed to 25 °C and stirred fom2®. The
solvent was removeith vacuoand the residue taken up in EtOAc. The salts wamgved by filtration and the organics
concentratedn vacuoyielding a yellow oil. The compound was purified passing through a short plug of silica (3:1
hexane:EtOAc) yielding thétle compound4.4 g, 97%) as a light yellow oil;;R.63 (1:1 hexane:EtOAc); (Found: C,
76.6; H, 8.2%. &H3,0,Si requires C, 76.5; H, 8.2%)a(film) 3070, 2930, 2718, 1960, 1889, 1726, 1589 114nd
1427 cn; 8,4 (500 MHz; CDC}) 9.76 (1H, br s, 60), 7.69-7.67 (4H, m, aromatics), 7.44-7.37 (6Hanomatics), 3.74
(2H, t, 3 6.0, AH,0Si), 2.52 (2H, dtJ 1.3 and 7.3, 8,CHO), 2.31-2.30 (2H, m, I€,C=C), 2.21-2.19 (2H, m, ECCH,),
1.79-1.73 (4H, m, 2 x &,) and 1.06 (9H, s, C(€3)3); dc (125 MHz; CDC}) 202.0, 135.6, 133.9, 129.6, 127.6, 81.0,
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78.9, 65.5, 42.8, 31.9, 26.8 (), 21.5, 19.2, @ 15.2; HRMS (ESin/z calcd for GsHs:0,Si (M+H)*: 393.2250,
found: 393.2258; MS (ESN/z410 [(M+NH,)*, 40%], 315 (20), 137 (100) and 121 (35).

HONV\/\/\/ @
X
O\Si7<

9-(tert-Butyldiphenylsilanyloxy)non-5-ynal oxime.

The aldehyde 9tért-butyldiphenylsilanyloxy)-non-5-ynal (0.35 g, 0.&8mol, 1 eq) was dissolved in THF (0.9 mL) and
a solution of hydroxylamine-hydrochloride (0.18g64 mmol, 3 eq) and sodium acetate trihydrate5(g,2.64 mmol, 3
eq) in water (0.9 mL) was added and the reactiotiure stirred for 10 min at 25 °C. The reaction tonig was diluted
with water (10 mL) and ether (10 mL) and the orgarsieparated. The aqueous was extracted with @Mel0 mL) and
the combined organics dried (Mg@@nd concentrateid vacuoyielding a light yellow oil. The compound was figadl

by flash column chromatography (4:1 hexane:EtOAe)dyng thetitle compound0.34 g, 96%), a colourless oil, as an
inseparable 1:1 mixture of geometrical isomers;0R89 (3:2 hexane:EtOAc); (Found: C, 74.0; H, 8\B; 3.6%.
C,sH3aNO,Si requires C, 73.7; H, 8.2; N, 3.4%).(film) 3258, 3070, 2928, 1659, 1588, 1471 and 1d@7; 5, (500
MHz; CDCk) 7.70-7.69 (4H, m, aromatics), 7.46-7.38 (6.5HAHNOH and aromatics), 6.74 (0.5HJt5.4, GHNOH),
3.76 (2H, tJ 6.5, H,0Si), 2.46 (1H, dtJ 7.3 and 5.4, B,CHNOH), 2.34-2.27 (3H, m, I&,CHNOH and Gi,C=C),
2.24-2.16 (2H, ttJ 2.2 and 7.3, ECCH,), 1.75 (2H, qnJ 6.5, GH,CH,C=C), 1.64 (2H, qn, 7.3, GCCH,CH,) and
1.07 (9H, s, C(Bl3)3); 8¢ (62.5 MHz; CDCY) 151.5, 152.0, 135.6, 134.0, 129.5, 127.6, 81908,762.6, 32.0, 26.9 (q),
25.9, 25.6, 24.3, 19.2, 18.6, 18.3 and 15.3; HRES)m/zcalcd for GsH3,NO,Si (M+H)": 408.2359, found: 408.2363;
MS (ES)m/z407 [M', 100%)], 392 (90) and 314 (40).

(IDH

HN\/\/\/\/ @

g
9-(tert-Butyldiphenylsilanyloxy)non-5-yn-1-hydroxylamine, 33.
9-(tert-Butyldiphenylsilanyloxy)non-5-ynal oximg1.9 g, 4.7 mmol, 1 eq) was dissolved in MeOH (15 and cooled
to —10°C under nitrogen. Sodium cyanoborohydride (0.8.8,mmol, 2 eq) and methyl orange (2 drops) werkedd
The solution was stirred at —2@ and methanolic hydrochloric acid (6 M in MeOH)snadded dropwise to keep the pH
below 3. After 2 h the solution was neutralisedhvdodium hydroxide solution (20%) and the suspemgioured into
brine (60 mL) containing ice. The suspension wesaeted with dichloromethane (4 x 50 mL) and tlanbined
organics dried (N&0,) and concentrateid vacuoyielding a yellow oil. The compound was purifieg rassing through
a short plug of silica (EtOAc. 9:1 EtOAc:MeOH; 1% NEj yielding thehydroxylamine83 (1.7 g, 90%) as a colourless
oil; R; 0.36 (EtOAC);vmax (film) 3243, 2932, 1589, 1504 and 1472 tnéy (500 MHz; CDC}) 7.68-7.67 (4H, m,
aromatics), 7.47-7.36 (6H, m, aromatics), 3.74 (BH), 6.3, (H,0Si), 2.92 (2H, tJ 7.2, N(H,), 2.31-2.28 (2H, m,
CH,C=C), 2.17-2.16 (2H, m, 8CCH,), 1.73 (2H, qnJ 6.3, GH,), 1.62 (2H, qn,J 7.2, GH,), 1.51 (2H, qn,) 7.2, CH,)
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and 1.05 (9H, s, C(8y)s); 5c (62.5 MHz; CDCJ) 135.6, 134.0, 129.5, 127.6, 80.1, 79.8, 62.64,53.0, 26.9 (q), 26.7,
26.3,19.3, 18.7 and 15.3; HRMS (B8jzcalcd for GiHagNO,Si (M+H)*: 410.2515, found: 410.2517; MS (E8)z410
[(M+H*), 25%], 394 (100), 138 (20) and 84 (25).

OUUNNY
@ <

|
O@

6-[4-(tert-Butyldiphenylsilanyloxy)-butyl]-2,3,4,5-tetrahydro-pyridine-1-oxide, 34

The hydroxylamine33 (100 mg, 0.24 mmol) was dissolved in toluene (12 mnd heated to 85 °C for 5 h under
nitrogen. The toluene was removiedvacuoyielding a yellow oil. The compound was purifibgl passing through a
plug of silica (EtOAc/MeOH, 5:1) yielding theitrone 34 (63 mg, 63%)as a light yellow oil;R 0.21 (EtOAc/MeOH,
5:1); 04 (CDCls, 500 MHz) 7.66-7.64 (4H, m, aromatics), 7.43-7(@6, m, aromatics), 3.81-3.79 (2H, tHeD, J 6.0),
3.70-3.69 (2H, m, H,N), 2.55-2.54 (2H, t, 8,, J 6.0), 2.40-2.38 (2H, t, 18,, J6.0), 1.94-1.89 (2H, tt, ig,, J 6.0 and
6.0), 1.74-1.67 (2H, tt, I8, J6.5 and 6.5), 1.63-1.62 (4H, m, 2 ¥Ig, 1.04 (9H,s, C(CHs)3).

w~_-~_OTBDPS w~_-~_-OTBDPS
N

N \
O . 0]
Ph Ph

(6R*,8R*)-6-(4-  tert-Butyldiphenylsilanyloxybut-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]Jnonane, 35 and
(6R*,85*)-6-(4'- tert-Butyldiphenylsilanyloxybut-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane, 36.
The hydroxylamine33 (1.85 g, 4.54 mmol) was dissolved in toluene (220) and heated at 80C for 4.5 h under
nitrogen. The solvent was removiedvacuoand the residue immediately dissolved in neaestyr quinol (10 mg) was
added and the mixture heated at’80for 16 h under nitrogen. The styrene was remawegcuoyielding a yellow oil.
The compound was purified by flash column chromapgy (9:1 hexane:EtOAc) yielding thelduct35 (1.70 g, 73%)
as a colourless oil;®.25 (9:1 hexane:EtOAc); (Found: C, 77.2; H, 8152.9%. GsH43NO,Si requires C, 77.1; H, 8.4,
N, 2.8%);vimax (film) 3069, 2834, 1589 and 1471 ¢mdy (250 MHz; CDC}) 7.72-7.67 (4H, m, aromatics), 7.47-7.23
(11H, m, aromatics), 5.31 (1H, ddi9.0 and 6.4, €©(0O)Ph), 3.65 (2H, t) 6.2, (H,0Si), 3.22-3.14 (2H, m, iE,N), 2.55
(1H, dd,J9.0 and 12.1, CHCH(O)Ph), 2.08 (1H, dd] 6.4 and 12.1, BHCH(O)Ph), 1.87-1.24 (12H, m, 6 xH3) and
1.07 (9H, s, C(Bl3)3); dc (125 MHz; CDC}) 143.7, 135.6, 134.1, 129.6, 128.4, 127.6, 12¥25,8, 76.6, 65.4, 63.7,
49.2, 46.7, 37.7, 33.2, 28.9, 26.9 (q), 21.5, 2@®@0 and 19.3; HRMS (ES)/z calcd for GaHxuNO,Si (M+H)™
514.3141, found: 514.3141; MS (E®)z514 [(M+H)", 100%], 394 (20) and 138 (100), 98 (35); followmdtheadduct
36(0.17 g, 7%) as a light yellow oil;;R.21 (hexane:EtOAc); (Found: C, 76.8; H, 8.5; NL98. G3H43NO,Si requires C,
77.1; H, 8.4, N, 2.8%)ymax (film) 2934, 2857, 1654, 1471 and 1427 &y (500 MHz; CDC}) 7.31-7.69 (4H, m,
aromatics), 7.47-7.26 (11H, m, aromatics), 5.15, (11 8.5, GH(O)Ph), 3.76 (2H, tJ 6.2, (H,0OSi), 3.19-3.13 (2H, m,
CH,N), 2.51 (1H, ddJ 8.5 and 12.0, CHCH(O)Ph), 2.12 (1H, dd] 8.5 and 12.0, BHCH(O)Ph), 1.88-1.78 (2H, m,
CHy), 1.66-1.46 (10H, m, 5 xi;) and 1.08 (9H, s, C(€:)s); oc (125 MHz; CDC}) 142.9, 135.6, 134.1, 129.5, 128.3,
127.6, 127.0, 127.8, 78.5, 65.2, 63.7, 50.6, 48675, 33.2, 29.9, 26.9 (q), 22.0 20.8, 20.0 an@;19RMS (ES)m/z
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calcd for GaHaNO,SI (M+H)*: 514.3141, found: 514.3146; MS (E8Jz514 [(M+H)", 100%)], 394 (100), 202 (20) and
138 (25), 98 (20).

@WOTBDPS
N
HCI /

Ph

(6R*,8R*)-6-(4’-'Butyldiphenylsilanyloxybut-1-yl)-8-phenyl-1-aza-9-0xabicyclo[4.3.0]nonane hydrochloride, 37.
The styrene addu@5 (10 mg, 0.019 mmol, 1 eq) was dissolved in MeOHn(D) and methanolic HCI (1 M; 19 uL, 1
eq) was added and the mixture stirred for 1 h. Stteent was removeid vacuoto give the hydrochloride s&¥ (7 mg,
67%) as a colourless oil which slowly crystallised standing at —20 °C; mp 102-104 °C (from MeO¥ ) (film)
3068.3, 2931.2, 2857.3, 2857.3, 1471.6 and 142#9 &, (400 MHz; MeOD) 7.62-7.59 (4H, m, aromatics), 705
(11H, m, aromatics), 5.32 (1H, d#ig.5 and 9.0, B(O)Ph), 3.76 (2H, t) 6.2, (H,0Si), 3.12-3.01 (2H, m, iE,N), 2.57
(1H, dd,J 9.0 and 12.3, CHCH(O)Ph), 2.00 (1H, dd] 6.5 and 12.3, BHCH(O)Ph), 1.82-1.74 (2H, m,H5), 1.62-
1.16 (10H, m, 5 x 6,) and 0.99 (9H, C(Bj)3; 6c (125 MHz; MeOD) 144.1, 136.6, 135.0, 130.8, 12928.7, 128.2,
126.8, 78.4, 67.3, 64.6, 50.4, 45.8, 38.8, 34.13,327.4 (q), 23.0, 21.8, 20.7 and 20.0; HRMS (E#Z calcd for
Cs3H44CINO,Si (M-CI)*: 514.3146, found: 514.3140.

(6R*,8R*)-6-(4’-Hydroxybut-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane.

The styrene addu@5 (50.0 mg, 0.10 mmol, 1 eq) was dissolved in THE (L) and cooled to OC under nitrogen.
Tetran-butylammonium fluoride (1 M in THF; 0.49 mL, 0.49m0l, 5 eq) was added and the reaction mixturecstifor
5 min at 0°C and then 25 °C for 1.5 h. The reaction mixtuas woured into water (10 mL) and extracted witlee(B8 x
10 mL). The combined organics were dried (MgSénd concentrateth vacuo yielding a light yellow oil. The
compound was purified by flash column chromatogyafthl EtOAc:CHCI,) yielding thetitle compound(24.4 mg,
92%) as a colourless oil;B.17 (2:1 EtOAc:CHCl,); (Found: C, 74.2; H, 9.0; N, 5.0%,#£,sNO, requires C, 74.1; H,
9.2, N, 5.1%)vmax(film) 3385 , 2937, 2862, 2862, 1603, 1494 and 14d9; 5, (500 MHz; CDC}) 7.39-7.21 (5H, m,
aromatics), 5.33 (1H, dd,6.2 and 9.2, €(0)Ph), 3.58-3.55 (2H, m,K;0H), 3.14-3.12 (2H, m, B,;N), 2.59 (1H, dd,
9.2 and 12.2, CHCH(O)Ph), 2.04 (1H, dd] 6.2 and 12.2, BHCH(O)Ph) and 1.81-1.76 (13H, m, 6 ¥dgand QH); 5¢
(62.5 MHz; CDC}) 143.4, 128.4, 127.0, 125.7, 76.7, 65.7, 62.3%,446.9, 37.4, 33.1, 29.2, 21.9, 20.5 and 20.0; I5RM
(ES) m/z calcd for G/H6NO, (M+H)*: 276.1963, found: 276.1966; MS (EBYz 276 [(M+H)", 70%], 258 (20), 156
(100) and 138 (70).

14



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

(6R*,8R*)-6-(3'-Formylprop-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane, 38.

Method A:

(6R*,8R*)-6-(4’-Hydroxybut-1'-yl)-8-phenyl-1-aza-8xabicyclo[4.3.0]nonane (100 mg, 0.36 mmol, 1 eg}wissolved
in dichloromethane (20 mL) under nitrogen and pawdet A molecular sieves amémethylmorpholineN-oxide (190
mg, 1.60 mmol, 4.4 eq) were added. The reactioxtur@ was stirred for 30 min and tetmgsropylammonium
perruthenate (5 mg, 0.02 mmol, 0.04 eq) was adddte mixture was stirred at 25 °C for 45 min. Thiture was
filtered through a plug of silica (EtOAc) and thelv&nt removedn vacuo The compound was purified by passing
through a short plug of silica (1:1 hexane:EtOA€)ding thealdehyde38 (94 mg, 95%) as a colourless oil.

Method B:

(6R*,8R*)-6-(4'-Hydroxybut-1'-yl)-8-phenyl-1-aza-8xabicyclo[4.3.0]nonane (42 mg, 0.15 mmol, 1 eq} Wissolved
in DMSO (14.3 mL) and IBX (60 mg, 0.21 mmol, 1.4 &ps added and the reaction mixture stirred et%or 16 h
under nitrogen. Water (4 mL) was added and thelvesextracted with ether (3 x 15 mL). The combiogghnics were
washed with water (25 mL), dried (Mg®@nd concentrateid vacuo The compound was purified by passing through a
short plug of silica (1:1 hexane:EtOAc) yieldingethldehyde38 (26 mg, 63 %) as a colourless oil; ®27 (1:1
hexane:EtOAC)vmax (film) 2936, 1721 and 1450 ¢ &y (500 MHz; CDC}) 9.70 (1H, s, €O), 7.38-7.21 (5H, m,
aromatics), 5.34 (1H, ddJ 6.1 and 9.3, €(O)Ph), 3.15-3.12 (2H, m, K;N), 2.61 (1H, dd,J 9.3 and 12.1,
CHHC(O)Ph), 2.05 (1H, ddj 6.1 and 12.1, BHC(O)Ph) and 1.81-1.76 (12H, m, 5 Hg; 6c (62.5 MHz; CDC})
202.3, 143.3, 128.4, 127.0, 125.7, 76.6, 65.5,, 45638, 44.2, 37.4, 29.2, 22.0, 19.9 and 17.1; HREI$ m/zcalcd for
Ci1H2:NO, (M+H)™: 273.1729, found: 273.1729; MS (Eyz273 [(M+H)", 5%], 245 (15), 202 (100) and 113 (40).

CN

‘\\\\/\/

N
ol

Ph
(6R*,8R*)-(4'2)-6-(5’-Cyanopent-4’-en-1'"-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane, 39
Trimethylsilylacetonitrile (49 uL, 0.36 mmol, 1.®)ewas dissolved in THF (0.7 mL) and cooled to T8 under

nitrogen. n-Butyllithium (1.6 M in hexane; 215 pL, 0.34 mmdl6 eq) was added dropwise and the reaction mixture
was stirred at —78C for 20 min. Triiso-propylborate (78 pL, 0.34 mmol, 1.6 eq) was thddeal and the reaction
mixture stirred at —78C for a further 20 min. A solution of the aldehy&®(59 mg, 0.21 mmol, 1 eq) in THF (0.9 mL)
was added and the reaction mixture was stirred&f<€ for 20 min. The reaction was quenched by thétiatdof wet
THF (1:1 THF:water; 0.5 mL) and the mixture was mad to 25 °C. The residue was diluted with water ether and
the organics separated. The aqueous was extradteéther (3 x 5 mL) and the combined organicsheaswith water
(10 mL) and brine (10 mL). The combined organieravdried (MgSG) and concentrateth vacuoyielding a light
yellow oil. The compound was purified by flash aolu chromatography (2:1 hexane:EtOAc) yielding a Z:E
inseparable mixture of thep-unsaturated nitrile39 (47 mg, 76%) as a colourless oik ®R36 (1:1 hexane:EtOACYmax
(film) 2937, 2861, 2217, 1618, 1493 and 1449'cfy (250 MHz; CDC}) 7.40-7.20 (5H, m, aromatics), 6.36 (1H, dt,
10.9 and 7.4, B,CH=CH), 5.35 (1H, ddJ 6.0 and 9.4, €(0O)Ph), 5.26 (1H, dtJ 10.9 and 1.3, CH=ACN), 3.18-3.14
(2H, m, H,N), 2.63 (1H, ddJ 9.4 and 12.2, BHCH(O)Ph), 2.38 (2H, q] 7.4, GH,CH=C), 2.05 (1H, ddJ 6.0 and
12.2, CHHCH(O)Ph) and 1.84-1.26 (10H, m, 5 ¥¢}; 5c (62.5 MHz; CDC}) 154.7, 143.3, 128.4, 127.0, 125.7, 115.9,
99.8, 77.2, 65.5, 49.6, 45.6, 37.3, 32.1, 29.41,232.0 and 19.9; HRMS (ES\/z calcd for GgHpsN,O (M+H)™:
297.1967, found: 297.1963; MS (E®)z297 [(M+H)', 35%)], 177 (100) and 138 (20). The inseparaB)eifomer had
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key diagnostic data as follows; 6.61 (0.09H, #t16.3 and 6.9, B,CH=CH) and 5.26 (1H, dtJ 16.3 and 1.6,
CH=CHCN).

NN F

N
o 3
Ph

(6R*,8R*)-6-(Pent-4’-en-1'-yl)-8-phenyl-1-aza-9-oxabicyclpt.3.0Jnonane, 40.
Methyltriphenylphosphonium bromide (110 mg, 0.31 ohn2.1 eq) was dried in a Schlenk tube under ardmsolved
in THF (4.5 mL) and cooled to —78 °(nx-Butyllithium (1.6 M in hexane; 0.17 mL, 0.28 mmd.,9 eq) was added
dropwise. After 5 min at —78 °C the solution widswaed to warm to 25 °C, stirred for 30 min at 25&nd then recooled
to —78 °C. A solution of the aldehy@8 (40 mg, 0.15 mmol, 1 eq) in THF (1.5 mL) was added the reaction mixture
was allowed to warm to 25 °C and stirred for 1Tie reaction was quenched by the addition of sajdeous NECI (6
mL) and the mixture extracted with ether (3 x 10)mIhe combined organics were dried (MgHénd concentrateith
vacua
The compound was purified by flash column chromatphy (4:1 hexane:EtOAc) yielding tladkene40 (36 mg, 91%)
as a colourless oil;{®.42 (3:1 hexane:EtOAc); (Found: C, 79.8; H, ]45.3%. GgH,sNO requires C, 79.7; H, 9.3; N,
5.2%); vmaX(film) 2969, 2860, 1640, 1604, 1494 and 1449'cy (500 MHz; CDCY) 7.48-7.21 (5H, m, aromatics), 5.73
(1H, ddt,J 10.2, 17.1 and 6.6, GCH=CH,), 5.29 (1H, ddJ 6.4 and 9.0, B(O)Ph), 4.97 (1H, ddJ 1.0 and 17.1,
CH=CHH-E), 4.92 (1H, ddJ 1.0 and 10.2, CH=dH-2), 3.17-3.14 (2H, m, B;N), 2.55 (1H, ddJ 9.0 and 12.2,
CHHCH(O)Ph), 2.04 (1H, dd] 6.4 and 12.2, CHCH(O)Ph), 2.02-1.97 (2H, m,H) and 1.87-1.27 (10H, m, 5 X);
3¢ (125 MHz; CDC}) 143.6, 138.6, 128.3, 125.9, 125.7, 114.6, 76563,649.2, 46.5, 37.0, 34.2, 29.0, 23.9, 21.5 and
20.0; HRMS (ES)n/zcalcd for GgHoeNO (M+H)": 272.2014, found: 272.2013; MS (E®)z 272 [(M+H), 50%)], 152
(100), 138 (55), 98 (30) and 90 (35).

CO,Me
=

N
o

Ph
(6R*,8R*)-6-(5'-Methoxycarbonylpent-4’-en-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane, 41

18-Crown-6 (0.45 g, 1.70 mmol, 10 eq) was dissolve@HF (6 mL) and the mixture freeze-thaw degad&etimes).
The mixture was stirred at 25 °C before the dropwis addition of bis[(2,2,2-
trifluoroethyl)methoxycarbonylmethyl]phosphonate (8L, 0.39 mmol, 2.3 eq). The mixture was cooled-78 °C
under argon and KHMDS (0.5 M in toluene; 0.77 ul390mmol, 2.3 eq) was added dropwise. The mixtas stirred
for 30 min and the aldehy®8 (46 mg, 0.17 mmol, 1 eq) in THF 1 mL) was addegpdiise. The reaction was stirred
for 2 h at =78 °C and the reaction was quenchethéyaddition of satd. aqueous MNH (2 mL). The aqueous was
extracted ether (4 x 15 mL), dried (Mgg§@nd the solvent removéa vacuoyielding a yellow oil.

The product was purified by flash column chromaapdny (4:1 hexane:EtOAc) yielding th8){a,f-unsaturated estetl
(14 mg, 25%) as a colourless oil; ®15 (4:1 hexane:EtOACYma(film) 2928, 2851, 1722.8, 1644 and 14407crdy
(500 MHz; CDC}) 7.40 (2H, br dJ 7.6, (H-ortho), 7.34 (2H, tJ 7.6, (H-metg, 7.25 (1H, ttJ 1.3 and 7.6, 8-para),

16



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

6.13 (1H, dt,J 11.4 and 7.6, B=CHC(), 5.75 (1H, dtJ 11.4 and 1.9, CH=BCQO,), 5.33 (1H, ddJ 6.0 and 9.1,
CH(O)Ph), 3.70 (3H, s, 83), 3.21 (2H, m, EI;N), 2.63 (2H, dgJ 1.9 and 7.6, 8,CH=C), 2.58 (1H, ddj 9.1 and 12.3,
CHHCH(O)Ph), 2.07 (1H, dd] 6.0 and 12.3, CHCH(O)Ph), 1.88-1.78 (2H, m,5), 1.71 (1H, m, €), 1.63-1.49 (5H,
2 X CH, and GH) and 1.43-1.32 (2H, I8,); dc (125 MHz; CDC}) 166.8, 150.3, 143.4, 128.4, 127.0, 125.7, 118653,
65.4, 51.0 (), 49.3, 46.1, 37.2, 29.7, 29.2, 23197 and 19.9; HRMS (CH/zcalcd for GoH,gNO; (M+H)™: 330.2064,
found: 330.2068; MS (Eln/z 330 [(M+H)’, 100%], 210 (70) and 135 (20); further elution|géa the E)-a,-
unsaturated estefs5 mg, 9%) as a colourless oil; 11 (4:1 hexane:EtOAC)ma(film) 2938, 2856, 1724, 1656 and
1437 cni; 8y (400 MHz; CDC}) 7.37 (2H, br dJ 7.5, (H-ortho), 7.32 (2H, tJ 7.5, GH-metd, 7.23 (1H, tJ 7.5, CH-
para), 6.91 (1H, dtJ 15.7 and 7.0, B=CHCQ,), 5.79 (1H, dtJ 15.7 and 1.6, CH=EGCO,), 5.32 (1H, ddJ 6.4 and 9.1,
CH(O)Ph), 3.72 (3H, s, E3), 3.14 (2H, br tJ 5.4, H,N), 2.58 (1H, ddJ 9.1 and 12.2, BHCH(O)Ph), 2.15 (2H, br q,
J 7.0, H,CH=C), 2.03 (1H, ddJ 6.4 and 12.2, CHCH(O)Ph), 1.83-1.78 (2H, m,H;) and 1.70-1.31 (8H, 4 xH; and
CH); 8¢ (125 MHz; CDC}) 167.1, 149.1, 143.3, 128.4, 127.0, 125.7, 12162, 65.5, 51.4 (q), 49.4, 46.0, 37.5, 32.7,
29.2, 23.0, 21.9 and 20.0; HRMS (E8)zcalcd for GoH,gNO; (M+H)™: 330.2064, found: 330.2066; MS (E®)z330
[(M+H)", 80%)], 210 (100) and 138 (35).

(1R* 5R*)-8-Aza-7-oxatricyclo[6.4.0.0-"|dodecane, 42.

Method A:

The alkene40 (11 mg, 0.04 mmol) was dissolved in ether and dddea high pressure reaction tube. The ether was
removed under a flow of nitrogen and the flask eaded and refilled three times with argon. ToluénenlL) was added
and the solution was freeze-thaw degassed (3 timEsg suba seal was then exchanged quickly fosthew cap and
the tube heated at 160 °C for 5 h under argon. sbhent was then removéuvacuo

The residue was purified by flash column chromaply (4:1 hexane:EtOAc) yielding the addd2t(5 mg, 72%) as a
colourless oil; R0.37 (1:1 hexane:EtOAc);; (500 MHz; CDCY) 4.27 (1H, br tJ 8.2, GHO-cis), 3.45 (1H, ddJ 5.1 and

8.2, (HO-tranyg), 3.09-3.05 (1H, m, BHN), 2.87-2.82 (1H, m, CHN), 2.63-2.59 (1H, m, BCH,O) and 1.94-1.35
(12H, m, 6 x ®l,); data identical to literature valugs.

Method B:

The alkene40 (11 mg, 0.04 mmol) was dissolved in ether and dddea high pressure reaction tube. The ether was
removed under a flow of nitrogen and the flask eraéed and refilled three times with argon. Tolu@hell) was added
and the solution was freeze-thaw degassed (3 timEls¢ suba seal was then exchanged quickly fosthew cap and
the tube heated at 190 °C under argon. After dBlyrbaseline material was present.

Method C:

The alkenet0 (6 mg, 0.021 mmol) was dissolved in ether andstiemmed to a microwave tube. The ether was removed
under a flow of nitrogen and the flask evacuatedilled three times with argon and the microwavieetwas sealed.
Chlorobenzene (2.0 mL) was added and the mixtusetivan subjected to microwave irradiation at 140t h. The

solvent was then removeéu vacuo
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The compound was purified by flash column chromatphy (4:1 hexane:EtOAc) yielding the adddet(2 mg, 62%)
and the starting material (2 mg, 33%) as a colsartsl.

Method D:

The alkenet0 (6 mg, 0.021 mmol) was dissolved in ether andstiemmed to a microwave tube. The ether was removed
under a flow of nitrogen and the flask evacuatedilled three times with argon and the microwavieetwas sealed.
Chlorobenzene (2.0 mL) was added and the mixture thean subjected to microwave irradiation at 18G3C20 min.
The solvent was then removidvacuo

The compound was purified by flash column chromatphy (4:1 hexane:EtOAc) yielding the adddi2{1 mg, 30%) as

a colourless oil; data identical to those repopeliously.

:/

/ H

To,Me
(1R* 5R* 6R*)-6-Methoxycarbonyl-8-aza-7-oxatricycld6.4.0.0-"|dodecane, 43.
Method A:

The @)-a,f-unsaturated estetl (5 mg, 0.015 mmol) was dissolved in ether andstiemed to a microwave tube. The

N
0

ether was removed under a flow of nitrogen andfldek evacuated, refilled three times with argod #me microwave
tube was sealed. Chlorobenzene (1.5 mL) was aaldédhe mixture was then subjected to microwawliation at 140
°C for 1.6 h. The solvent was then remoiredacuo

The compound was purified by flash column chromatphy (4:1 hexane:EtOAc) yielding the starting matg2 mg,
33%) followed by the addud3 (2 mg, 62%) as a colourless oil.

Method B:

The @)-a,f-unsaturated estetl (4 mg, 0.017 mmol) was dissolved in ether andstiemed to a microwave tube. The
ether was removed under a flow of nitrogen andfldek evacuated, refilled three times with argod #re microwave
tube was sealed. Chlorobenzene (1.2 mL) was aaldédhe mixture was then subjected to microwawliation at 180
°C for 30 min. The solvent was then remoiredacuo

The compound was purified by flash column chromapy (4:1 hexane:EtOAc) yielding the adddBt(3 mg, 59%) as
a colourless oil; R0.25 (1:1 hexane:EtOAcdy (400 MHz; CDC}) 4.74 (1H, dJ 9.0 HO), 3.76 ( 3H, s, Hy), 3.25
(1H, dt,J 14.3 and 3.8, BHN), 3.03 (1H, dddJ 3.5, 10.0 and 14.3, GiN), 2.85 (1H, dtJ 9.0 and 7.0, BCH(O)CQ,)
and 1.91-1.28 (12H, m, 6 xH3); data identical to literature valu¥s.
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Investigations into the regiochemical outcome of # intramolecular nitrone dipolar cycloaddition
reaction.
Model studies: histrionicotoxin precursors

L e~ OH
N
OBn O .
Ph
(2S, 6R, 8R)-2-(Benzyloxymethyl)-6-(4'-hydroxybut-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane.
(2s 6R, 8R)-2-(Benzyloxymethyl)-6-[4'tert-butyldiphenylsilyloxy)but-1'-yl]-8-phenyl-1-aza-9-

oxabicyclo[4.3.0]nonane (300 mg, 0.50 mmol) wasdaiged in distilled acetonitrile (20 mL) and hydradric acid (40%
ag; 0.25 mL) added, giving a 0.5% solution. Thetore was stirred overnight, triethylamine (0.1 nddded and the
mixture filtered through a short column of silicaThe solvent was removed and the residue purifigdfiéish
chromatography (hexane/EtOAc, 1:1) to affordtiie compound172 mg, 91%) as a colourless oil which solidiftech
wax on standingR 0.14 (hexane/EtOAc, 2:1)a]32-49.6 ¢ 1.09 in CHCY); (Found: C, 75.8; H, 8.4; N, 3.5;
CosHaaNO; requires C, 75.9; H, 8.4; N, 3.5%).(film) 3406, 3026, 2936, 2863, 1603, 1495, 753 688 cm'; dy
(CDCl,, 250 MHz) 7.41-7.22 (m, 10H, aromatics), 5.44 (d,J 10.0 and 5.0, B(O)Ph), 4.56 (2H, s, PHGO), 3.96
(1H, dd,J 9.0 and 3.0, BHOBN), 3.53 (2H, m, 8,0H), 3.46 (1H, tJ 9.0, CHHOBn,), 3.03 (1H, dddd] 11.5, 9.0, 3.0
and 3.0, €N,), 2.66 (1H, dd,J 12.5 and 10.0, BHCH(O)Ph), 2.33 (1H, s, B), 2.15-1.17 (13H, m, 6 X I&,
CHHCH(O)Ph);éc (CDCls, 63 MHz) 141.4, 138.3, 128.1, 128.1, 127.5, 12¥23,.0, 125.8, 77.0, 73.2, 73.0, 67.8, 61.6,
59.0, 41.7, 40.9, 32.5, 30.8, 28.1, 19.4, 19.0; HRI@I) m/zcalcd for GsH3,NO3 (M+H)™: 396.2539, found: 396.2542;
MS (ClI, NHs) m/z396 [(M+H)', 18%], 274 (10), 138 (90), 121 (92), 106 (100).

. “‘\WO
N

\

OBn O—/
Ph

(2S,6R,8R)-2-(Benzyloxymethyl)-6-(3'-formylprop-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0]nonane, 44.

Method A:

To a stired solution of & 6R, 8R)-2-(benzyloxymethyl)-6-(4'-hydroxybut-1'-yl)-8-phg-1-aza-9-
oxabicyclo[4.3.0]nonane (55 mg, 139 pmol) in drghdoromethane (10 mL) under nitrogen at 0 °C wedded
powdered activated 4 A MS, NMO (72 mg, 612 uma4, dquiv.) and TPAP (2.0 mg, 5.6 pmol, 4 mol%). eA0 min.
at 0 °C the solution was warmed to 25 °C and stifog a further 25 min. The volume of the solverts reduced to
~2.5 mL under a stream of nitrogen and the mixtaesled directly onto a small pre-packed silica ootuand eluted
with 2:1 hexane/EtOAc, affording the puallehyde44 (54 mg, 100%) as a colourless d#;0.31 (hexane/EtOAc, 2:1);

[aT5-31.8 € 2.24 in CHCY); FTIR vya(film) 3028, 2939, 2863, 2719, 1722, 1603, 1469011754 and 600 cih dy,

(CDCls, 250 MHz) 9.67 (1H, tJ 1.5, (HO), 7.36-7.21 (10H, m, aromatics), 5.45 (1H, dd,0.5 and 5.0, B(O)Ph),
4.55 (s, 2H, PhB,0), 3.94 (1H, ddJ 9.0 and 3.0, 8HOBN), 3.43 (1H, tJ 9.0, CHHOBn), 3.02 (1H, dddd] 11.5, 9.0,
3.0 and 3.0, €@N), 2.69 (1H, ddJ 12.5 and 10.5, BHCH(O)Ph), 2.45-2.08 (2H, m,H;zC=0), 2.12 (1H, m, &), 2.00
(1H, dd,J 12.5 and 5.0, CHCH(O)Ph), 1.86-1.13 (10H, m, 5 xH3); dc (CDCl;, 63 MHz) 202.5, 141.5, 138.6, 128.4,
128.3, 127.7, 127.5, 127.2, 125.9, 77.1, 73.5,, 7337, 59.2, 44.2, 42.3, 41.4, 30.9, 28.3, 19626;1HRMS (Cl)m/z
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calcd for GsHzO3N (M+H)™: 394.2382, found: 394.2394; MS (CI, §HN/z394 [(M+H)', 7%], 304 (1), 281 (4), 272
(7), 166 (11), 138 (62), 121 (67), 108 (70), 106)(205 (75), 94 (62), 91 (53), 78 (70), 72 (42),(88), 58 (100).
Method B:

To a stired solution of & 6R,  8R)-2-(benzyloxymethyl)-6-(4'-hydroxybut-1'-yl)-8-phg-1-aza-9-
oxabicyclo[4.3.0]nonane (120 mg, 353.3 umol) in BMSO (6 mL) was added IBX (297 mg, 1.06 mmol) amel flask
stoppered. The mixture was stirred at 25 °C fohIhd then poured into water (100 mL) and extchetith ether (3 x
100 mL). The ethereal extracts were washed witheb(L00 mL) using the 3 funnel extraction methammbined and
dried (MgSQ). The solvent was removed vacuoand the crude product purified by flash columnoochatography
(hexane/EtOAc, 1:1), to give the puaklehyde44 (105 mg, 89%, 100% rec.) as a colourless oilpfedid by recovered
alcohol3.41(13 mg, 11%).

CN

“\\\/\/

N
OBn O 3
Ph

(2)-(2S, 6R, 8R)-2-(Benzyloxymethyl)-6-(5'-cyanopent-4'-en-1'-yI)8-phenyl-1-aza-9-oxabicyclo[4.3.0lnonane 11.
A solution of trimethylsilylacetonitrile (31 mg, 27 mmol) in dry THF (1 mL) was cooled to —78 °C anditrogen. n-
Butyllithium (1.55 M in hexane; 0.17 mL, 0.27 mma¥pas introduced in a dropwise manner and the iagutiolution
stirred for 15 min. at this temperature. i§opropylborate (50 mg, 0.27 mmol) was then addedadiad stirring a further
15 min, a solution oéldehyde44 (80 mg, 0.20 mmol) in dry THF (0.5 mL, 0.5 mL wastas slowly addegia cannula.
The resulting solution was stirred at —78 °C fom3@. whereupon water (0.1 mL) was added and theund brought to
25 °C. The solution was filtered through a shdugpof silica (SiQ, Merck 9385) and the solvent removed to afford a
residue that was purified by flash chromatogragtexéne:EtOAc, 4:1) to afford thetrile 11 (70 mg, 84%; 9.1.Z:E);
R; 0.47 (hexane/EtOAc, 2:1f]3'-31.2 € 1.29 in CHCY); (Found: C, 77.9; H, 7.9; N, 6.9;1:,N,0, requires C,
77.9; H, 7.7; N, 6.7%); FTIR(film) 3029, 2938, 2864, 2218, 1620, 1604, 1495 ahd6 cn; oy (CDCl, 250 MHz)
7.37-7.27 (10H, m, aromatics), 6.29 (1H, ddd1.0, 7.5 and 7.5, @=CHCN), 5.45 (1H, dd) 10.5 and 5.0, B(O)Ph),
5.20 (1H, dddJ 11.0, 1.0 and 1.0, CH#4CN), 4.56 (1H, s, Ph@,0), 3.95 (1H, tdJ 9.0 and 3.0, BHOBnN), 3.43 (1H,
t, J9.0, CHHOBnN), 3.02 (1H, dddd] 11.5, 9.0, 3.0 and 3.0,HIN), 2.69 (1H, ddJ 12.5 and 10.5, BHCH(O)Ph), 2.39-
2.27 (2H, m, ®,CH=), 2.17-1.18 (11H, m, 5 XK, CHHCH(O)Ph);éc (CDCl;, 63 MHz) 154.9, 141.5, 138.4, 128.3,
128.2,127.6,127.4, 127.1, 125.8, 115.9, 99.4),778.4, 73.2, 67.5, 59.1, 41.9, 41.0, 31.9, 32893, 22.5, 19.1; HRMS
(El) m/zcalcd for GH3N,0, (M+H)*: 417.2542, found: 417.2525; MS (BH)/z417 [(M+H)", 16%)], 307 (100), 289

(45).
I\\“ N IS e
OBn O—/

Ph

(E)-(2S,6R,8R)-2-(Benzyloxymethyl)-6-(5'-cyanopent-4'-en-1'-yI)8-phenyl-1-aza-9-oxabicyclo[4.3.0Jnonane 54
NaHMDS (1.0 M in THF; 0.20 mL, 0.20 mmol) was addediry THF (2.5 mL) under nitrogen at —78 °C wéirring.
A solution of diethyl cyanomethylphosphonate (08336 mg, 0.20 mmol) in dry THF (2.0 mL, 0.5 mL st was
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added dropwisgia cannula and the mixture stirred at —78 °C for 20. nThe mixture was warmed to rt and stirred for 2
h before cooling to —78 °C and stirring for a fertii.5 h. A solution o&ldehyde44 (20 mg, 0.05 mmol) in dry THF
(1.0 mL) was added and the mixture warmed to riterAL5 h, TLC showed no starting material to besgent, and the
solvent was removeth vacuo Water (5.0 mL) was added, and the product etdcawith ether (3 x 5.0 mL). The
combined organic extracts were dried £{81@,) and the solvent was removiedvacuo The crude product was purified
by flash chromatography (1 : 1 hexane : EtOAc)it@ gheenenitrile54 (19.5 mg, 93%Z/E 1 : 2) as a colourless oil; R
0.59 (3 : 2 hexane : EtOAC); FTR.«(KBr) 3062, 3030, 2937, 2865, 2221, 1632, 1604513895, 1454, 1362, 1247,
1207, 1100, 1028, 967, 912, 813, 749, 699 and 478 6, (250 MHz) 7.40-7.25 (10H, m, aromatics), 6.58 (it,J
16.3 and 6.9, B=CHCN), 5.46 (1H, ddJ] 10.2 and 4.95, B(O)Ph), 5.24 (1H, dt]) 16.3 and 1.6, =BCN), 4.56 (2H, s,
PhCH,0), 3.95 (1H, ddJ 9.1 and 3.2, HHOBnN), 3.44 (1H, ddJ 9.1 and 8.7, CHOBn), 3.02 (1H, dddd] 11.3, 8.7,
3.3 and 3.2, @N), 2.70 (1H, dd,J 12.6 and 10.2, BHCH(O)Ph) and 2.38 - 1.19 (13H, m, 6 xH& and
CHHCH(O)Ph); ¢ (62.5 MHz) 155.7, 141.7, 138.6, 128.5, 128.3, 12127.5, 127.3, 125.9, 117.5, 99.9, 77.2, 73.5,
73.3, 67.6, 59.3, 42.3, 41.1, 33.5, 31.0, 28.40 2d 19.3; HRMS (EQ)/zcalcd for G/H3aN,0, (M+H)™: 417.2542,
found: 417.2526; MS (ES)/z417 [(M+H)', 100%)], 394 (8), 366 (6), 342 (7) and 313 (10).

N Vien T NNC

OBn O OBn O

(1R, 5S, 8S, 12R)-8-(Benzyloxymethyl)-12-cyano-7-aza-6-oxatricyclé[4.1°.0] undecane 13

and

(1R, 5S, 8S, 125)-8-(Benzyloxymethyl)-12-cyano-7-aza-6-oxatricycl&[4.1°.0]Jundecane 48.

Method 1:

(D-(2S 6R, 8R)-2-(Benzyloxymethyl)-6-(5'-cyanopent-4'-en-1'-#)phenyl-1-aza-9-oxabicyclo[4.3.0]nonaié (9.1:1

Z:E; 375 mg, 0.9 mmol) was transferred as an ethesaation to a thick-walled glass tube equipped veitmagnetic
stirrer. The solvent was then evaporated undérears of nitrogen and the residual oil dried thgtdy in vacuo The

vacuum was quenched with nitrogen, dry distilleld¢oe (20 mL) introduced and the tube sealed uadstream of dry
nitrogen. The apparatus was transferred carefallgn oil bath at 190 °C and the gently refluxiloduson was stirred
for 3.5 h at this temperature before being remdueth the bath and allowed to cool. TLC analysishef faintly yellow

solution (2 elutions in hexane/EtOAc, 4:1) estdidi$ that the reaction was complete. After remao¥ahe solvent, the

residual yellow oil was purified by flash chromataghy (hexane/EtOAc, 4:1) to afford the tricytf&@(230 mg, 82%) as
a colourless 0ilR; 0.42 (hexane/EtOAc, 4:1; 2 elutiond)y]3'-185.5 ¢ 1.5 in CHCH); vina(film) 3028, 2939, 2863,

2239, 1453, 1096, 738 and 698t (CDCl;, 250 MHz) 7.38-7.29 (5H, m, aromatics), 4.71 (hi,CH(O)CHCN),
4.54 (2H, s, PhB,0), 3.80 (1H, ddJ 9.0 and 3.0, BnOBH), 3.42 (1H, dd,) 6.5 and 2.0, 8CN), 3.39 (1H, ddJ 9.0
and 7.5, BhOCH), 2.67 (1H, ddddJ 11.5, 7.5, 3.0 and 3.0,HIN), 2.19 (1H, m, 10-H), 2.04 (1H, m, 9-H), 1.984.9
(1H, m, 3-H), 1.90-1.83 (1H, m, 2-H), 1.79-1.72 (2H, 4-H), 1.67-1.50 (4H, m, 2-H, 3-H, 10-H and H)L-1.39-1.16
(2H, m, 9-H and 11-H)§c (CDCls, 63 MHZz) 138.4, 127.8, 127.7, 127.6, 117.7, 73385, 72.4, 65.4, 65.0, 38.1, 35.9,
32.2, 285, 27.1, 18.7, 17.5; HRMS (@fyz calcd for GgHzsN,0, (M+H)™: 313.1916, found: 313.1916; MS (CI, WH
m/z313 [(M+H)", 100%)], 191 (42), 108 (15), 91 (18).
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Further elution of the column afforded the tricyd (20 mg, 7%) as a white crystalline soli};0.45 (hexane/EtOAc,
1:1); mp 114 °C dec. (from hexane/EtOAc, 4:ig]3>>~156.7 ¢ 0.425 in CDCY); FTIR Vyax (KBr) 2945, 2858, 2237,

1496, 1454, 1303, 1190, 1095, 979, 913, 808, 748689 cm'; 6, (CDCl;, 500 MHz) 7.35-7.25 (5H, m, aromatics),
4.80 (1H, dJ 5.0, (HO), 4.58 (2H, s, Phg,0), 3.80 (1H, ddJ 13.5 and 7.0, BHOBN), 3.49-3.43 (2H, m, CHOBN,
CHN), 2.81 (1H, s, EICN), 2.37 (1H, ddddJ 14.5, 4.0, 3.0 and 3.0, H-4p 2.10-1.90 (3H, m, H§ H-11 H-3),
1.85 (1H, dddJ 13.5, 5.5 and 5.5, Heg, 1.76 (1H, dddJ 14.5, 13.0 and 5.5, H-1§, 1.60 (1H, ddJ 13.5 and 7.0, H-
2¢), 1.60 (1H, m, 11-H), 1.54 (1H, dddJ 13.5, 5.5 and 5.5, Hs3, 1.39 (1H, dddJ 13.5, 13.5 and 6.0, Hxd, 1.35 -
1.25 (1H, m, H-9), 1.29 (1H, dddJ 13.5, 13.0 and 6.0, Hzd; oc (CDCl;, 63 MHz) 138.5, 128.4, 127.7, 127.6, 120.3,
78.8, 73.3, 72.5, 65.0, 63.7, 44.5, 41.9, 33.34,327.3, 18.9, 18.0; HRMS (ES)/z calcd for GgH,sNO, (M+H)":
313.1916, found: 313.1902; MS (E®)z313 [(M+H)", 100%)].

Method 2:
(BE)-(2S,6R,8R)-2-(Benzyloxymethyl)-6-(5'-cyanopent-4'-en-1'-@)phenyl-1-aza-9-oxabicyclo[4.3.0]nonabé (Z/E 1 :

2; 18.0 mg, 43.2 pmol) was transferred to a thiellled glass tube as an ethereal solution and thergaemoved under
a stream of nitrogen and th@nvacuo Toluene (2 mL) was added and the tube sealedrumchitrogen atmosphere.
The solution was heated at 190 °C with stirringZd¥ h and the solvent removedvacua Separation of the mixture by
flash column chromatography afforded thieycle 13 (2.0 mg, 15%) as a colourless oil, starting matés# (2.6 mg,

15%) as a colourless oil and ticycle 48 (4.7 mg, 35%) as a white crystalline solid. Altal are as reported

previously.
‘\\\\/\/
S
OoBn O—/
Ph

(2S, 6S, 8R)-2-(Benzyloxymethyl)-6-(4'-penten-1'-yl)-8-phenyli-aza-9-oxabicyclo [4.3.0lnonane 45.

A suspension of recrystallised, powdered and driethyltriphenylphosphonium iodide (117 mg, 0.29 rfimeas
suspended in dry THF (4 mL) under argon and cotdeeB0 °C. n-Butyllithium (1.5 M in hexane; 0.22 mL, 0.35 mmol)
was added dropwise to the suspension which ovesghee of 1 h was observed almost completely ®phlis giving a
bright yellow solution. This was then cooled to8—7C and a solution of & 6R, 8R)-2-(benzyloxymethyl)-6-(3'-
formylprop-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.8onane44 (103 mg, 0.26 mol) in THF (1 mL, 1 mL wash) was
slowly added to give an almost colourless solutidihe reaction was allowed to warm to rt, quendethe addition of
water (0.2 mL), dried (MgS£, and the solvent was removéd vacuo The crude residue was purified by flash
chromatography to afford the alkedd (81 mg, 85%) as a colourless d#; 0.65 (hexane/EtOAc, 4:1111]%2—30.9 ¢
1.49 in CHC}); (Found: C, 79.65; H, 8.45; N, 3.7333NO, requires C, 79.75; H, 8.49; N, 3.58%}.x (film) 3029,
2936, 2863, 1640, 1604, 1495, 1101, 910, 752 afdc&d; J, (CDClz, 250 MHz) 7.42-7.22 (10H, m, aromatics), 5.46
(1H, dd,J 10.0 and 5.0, B=CH,), 5.00-4.91 (1H, m, =BH), 4.93-4.88 (2H, m, =CH, CH(O)Ph), 4.57 (2H, s,
PhCH,0), 3.98 (1H, ddJ 9.0 and 3.0, CHOBn), 3.45 (1H, ddJ 9.0 and 9.0, BHOBn), 3.04 (1H, dddd] 11.5, 9.0,
3.0 and 3.0, @N), 2.65 (1H, ddJ 12.5 and 10.0, CHCH(O)Ph), 2.17-1.16 (13H, m, 6 xHz, CHHC(O)Ph); dc
(CDCl;, 63 MHz) 141.6, 138.7, 138.6, 128.3, 128.3, 12¥27.4, 127.1, 126.1, 114.5, 77.3, 73.4, 73.4,,6208, 41.8,
41.7, 34.0, 31.3, 28.4, 23.2, 19.3; HRMS (@ijz calcd for GgH3,NO, (M+H)": 392.2589, found: 392.2590; MS (ClI,
NH3) m/z392 [(M+H), 83%)], 378 (14), 274 (31), 272 (100), 270 (32)8 137).
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(1S, 5S, 95)-9-Benzyloxymethyl-8-aza-7-oxatricyclo[6.4.1Flundecane 49.

An ethereal solution of & 6S 8R)-2-(benzyloxymethyl)-6-(4'-penten-1'-yl)-8-pherfydaza-9-oxabicyclo[4.3.0]nonane
45 (3.3 mg, 8.43 umol) was transferred to a thickleeghblass tube and the solvent removed under arstoé nitrogen
and thenin vacuo Toluene (0.8 mL) was added and the tube seablel@érunitrogen. The solution was heated with

stirring at 190 °C for 9 h, cooled, and the solweas removedn vacuo Purification by flash column chromatography
(hexane/EtOAc, 4:1) gave the tricy@® (2.4 mg, 100%) as a colourless &;0.25 (hexane/EtOAc, 4:1[;9']%2—69.9 ¢

0.74 in CHCY): Vima (film) 3029, 2941, 2863, 1495, 1099, 736 and 698-cfy (CDCls, 500 MHz) 7.33-7.24 (S5H, m,
aromatics), 4.52 (2H, s, PhiD), 4.27 (1H, ddJ 8.5 and 8.5, BHON), 3.80 (1H, ddJ 9.0 and 3.0, EHOBN), 3.43
(1H, dd,J 8.5 and 4.0, CHON), 3.37 (1H, ddJ 9.0 and 9.0, CHOBn), 2.70 (1H, dddd] 11.0, 9.0, 3.0 and 3.0,HN),
2.65 (1H, m, GICH,0ON), 2.07-1.23 (12H, m, 6 xK5); dc (CDCl;, 100 MHz) 138.6, 128.3, 127.8, 127.5, 76.9, 73.5,
73.1, 71.8, 59.8, 47.3, 41.7, 34.0, 31.5, 28.38,220.8; HRMS (ESjn/zcalcd for GgH,gNO, (M+H)*: 288.1964, found:
288.1952; MS (ESiN/z288 [(M+H)", 100%)].

CO,Me
N M =
I~ N
OBn O—/
Ph
(2)-(2S, 6R, 8R)-2-(Benzyloxymethyl)-6-(5'-methoxycarbonylpent-4'en-1'-yl)-8-phenyl-1-aza-9-

oxabicyclo[4.3.0]nonane 46.

Method A.

Carbon monoxide gas was bubbled through a stiwkdien of (£2)-(2S, 6R, 8R)-2-(benzyloxymethyl)-6-(5'-iodopent-4'-
en-1'-yl)-8-phenyl-1-aza-9-oxabicyclo[4.3.0] nonafi2.0 mg, 23.3 umol), dry distilled MeOH (8.2 |65 mg, 203
pumol) and dry distilled triethylamine (2.5 ul, 1rfig, 18.5 pumol) in dry distilled acetonitrile (1 mipr 5 min.
Tetrakis(triphenylphosphine)palladium(0) (1.3 mg? imol) was added and the reaction stirred wittlusion of light
at 60 °C under an atmosphere of carbon monoxide@m with TLC monitoring for 20 h, after whichntie the reaction
appeared to have stopped. Fresh acetonitrileni)swas added as the solvent had boiled dry, fatidwy MeOH (8.2
pl, 6.5 mg, 203 pumol) and triethylamine (2.5 pf fng, 18.5 umol) and stirring was continued foudhfer 60 h. The
carbon monoxide was vented and the flask flushed mitrogen, before the solvent was removed undgeady stream
of nitrogen. The crude brown residue was purifizdflash column chromatography (hexane/EtOAc, 7:Bjixed
fractions were purified by a second round of flastumn chromatography (hexane/EtOAc, 4:1) affordiagovered
starting material (1.9 mg, 16%) followed by tinethyl ested6 (7.0 mg, 67%, 80% rec.; 6.45ZIE) as a pale orange oil;

R; 0.30 (hexane/ether, 13:7)a]3~10.7 € 0.23 in CDCY); Viax (KBr) 3030, 2958, 2925, 2851.5, 1717, 1651.5, 1445,

1267, 1265, 1173, 1100, 1021, 907, 824, 749 ands6@4®; 5, (CDCls, 400 MHz) 7.38-7.23 (10H, m, aromatics), 6.05
(1H, dt,J 11.5 and 7.5, B=CHCOMe), 5.68 (1H, dtJ 11.5 and 1.5, =BCO,Me), 5.44 (1H, dd, 10.0 and 5.0,
CH(O)Ph), 4.55 (2H, s, Pi&0), 3.95 (1H, ddJ 8.5 and 3.0, BHOBN), 3.67 (3H, s, C&TH3), 3.41 (1H, ddJ 8.5 and
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8.5, GHHOBN), 3.01 (1H, dddd] 11.5, 8.5, 3.0 and 3.0HN), 2.65 (1H, dd,J 12.5 and 10.0, BHCH(O)Ph), 2.58-2.55
(2H, m, GHoCH=), 2.18-2.10 (1H, m, 48H-), 2.05 (1H, dd,) 12.5 and 5.0, CHCH(O)Ph), 1.90-0.80 (9H, m, -Git, 4
X -CH2-); dc (CDCl;, 100 MHz) 166.8, 150.6, 141.6, 138.0, 128.6, 1282%.75, 127.5, 127.2, 126.0, 119.3, 77.2, 73.5,

73.4, 67.8, 59.2, 51.0, 41.8, 41.6, 31.8, 31.24,283.3, 19.3; HRMS (Clin/zcalcd for GgHzNO, (M+H)™: 450.2617,
found: 450.2618; MS (ES)/z450 [(M+H)", 100%].

Also visible was the following data correspondingthie E-isomer:dy (CDCls, 400 MHz) 5.75 (1H, dt) 15.5 and 1.5,
=CHCO,Me), 3.71 (3H, s, C&H3). Analysis of the integrals of either of thesalg&gave th&:Z ratio reported above.

Method B.

18-Crown-6 (250 mg, 0.95 mmol) was dissolved in diiF (2.5 mL) under argon with stirring. Bis(2,2,2
trifluoroethyl)(methoxycarbonylmethyl)phosphonat® (uL, 61 mg, 0.19 mmol) was added and the mixtomed to —
78 °C. Potassium bis(trimethylsilylamide) (0.5 MRhMe; 0.38 ml, 0.19 mmol) was added, and theurgxstirred for
30 min. A solution of (8 6R,  8R)-2-(benzyloxymethyl)-6-(3'-formylprop-1'-yl)-8-phgl-1-aza-9-
oxabicyclo[4.3.0]nonand4 (75 mg, 0.19 mmol) in dry THF (2.5 mL, 2.5 mL f)swas added and the mixture stirred
for a further 50 min. at —78 °C. Saturated aquesmasnonium chloride solution (25 mL) was added drel rixture
warmed to 25 °C, poured into further saturated agsiemmonium chloride solution (50 mL) and extrdetéth ether (3

x 100 mL). The combined organic extracts weredd(dMgSQ;), and baseline was material removed by filtrattmough

a short silica plug, eluting with 7:3 hexane/ethergive the methykster46 (60 mg, 70%; 87% rec.; 44Z:E) as a

colourless oil, followed by unreacted starting matg15 mg, 20%).

TO,Me

(1R, 5S, 8S, 125)-8-(Benzyloxymethyl)-12-methoxycarbonyl-7-aza-6-atricyclo [5.4.1%°.0]undecane 50

and

(1S, 5S, 6R, 95)-9-(Benzyloxymethyl)-6-methoxycarbonyl-8-aza-7-oxsicyclo [6.4.0.0"undecane 51.

Themethyl ested6 (44:1Z:E; 50 mg, 0.11 mmol) was transferred to a thick e@ljlass vessel as a solution in ether and
the ether removed first under a stream of nitragah therin vacuo A magnetic stirrer bar and dry distilled tolugaé

mL) were added, and the vessel was sealed undein@sphere of nitrogen. The solution was heatd®@t°C for 4 h
and allowed to cool to 25 °C.

The solvent was removeid vacug and the mixture separated by flash column chrography (hexane/ether, 7:3)

affording the 6,6,5-adduct52 (20.4 mg, 53%) as a colourless oil which slowlydergoesN-inversion; Ry 0.28
(hexane/EtOAc, 3:1)[ar]3*°~7.5 € 0.08 in CDCY); Vima(KBI) 3088, 3063, 3030, 2936, 2862, 2799, 1760,21 1504,

1586, 1496, 1454, 1205, 1066, 1028, 950 and 699 ¢&m(CDCl;, 500 MHz) 7.35-7.26 (5H, m, aromatics), 4.71
(approx. 0.5H, ddJ 5.5 and 5.5, 60) 4.59-4.54 (approx. 2.5H, m, PHGO, CHO), 3.85 (1H, m, BnO&H), 3.72 (3H,
s, OMH3), 3.57 (approx. 0.5H, dd, 8.5 and 8.5, BhOCH) 3.45 (approx 0.5H, br d 6.5, GtHCO,Me), 3.39 (approx.

0.5H, dd,J 8.5 and 8.5, BnhOCH), 3.16-3.08 (approx. 0.5H, m,HN), 2.86-2.77 (approx. 1H, m,HIN, CHCO,Me),
2.40-2.30 (approx 0.5H, m,HHH), 2.08-1.15 (approx. 11.5H, m, 5 x gHCHH); Jc (CDCls, 100 MHz) 170.5, 138.8,
138.6, 128.4, 128.3, 127.7, 127.6, 127.5, 127.2,776.3, 73.4, 73.4, 73.0, 64.4, 63.9, 57.9, HA165;, 48.9, 34.8, 32.6,
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29.0, 28.1, 26.6, 21.7, 18.7, 17.7; HRMS (B8} calcd for GoH,;NNaQ, (M+Na)": 368.1838, found: 368.1867; MS
(ES)m/z368 [(M+Na), 4%], 346 (100), 258 (5), 238 (3); followed by #&,5-adducb1 (8 mg, 21%) as a pale yellow

oil; R 0.15 (hexane/EtOAc, 3:1fn]3*>~16.7 € 0.06 in CDCY); Vina(KBr) 3088, 3064, 3030, 2950, 2865, 2798, 1750,

1732, 1496, 1454, 1029 and 699 tnd, (CDCl;, 500 MHz) 7.34-7.24 (5H, m, aromatics), 4.82 (1H,J 9.5,
CH(O)COMe), 4.51 (2H, s, Phig20), 3.85 (1H, ddJ 9.0 and 3.0, BnOBH), 3.78 (3H, s, OB3), 3.39 (1H, dd,) 9.0
and 8.5, BnOCH), 2.91 (1H, dddJ 9.5, 7.5 and 2.0, CH(O)COMe), 2.75 (1H, dddd) 11.0, 8.5, 3.0 and 3.0HN),
2.17-1.24 (12H, m, 6 x18); dc (CDCl;, 100 MHz) 170.6, 138.5, 128.3, 127.7, 127.5, 78722, 73.5, 73.1, 60.6, 51.9,

50.8, 40.9, 33.6, 28.2, 27.8, 22.7, 20.3; HRMS (@Bcalcd for GgH,/NNaQ, (M+Na)": 368.1838, found: 368.1845.

‘\\\\/\/

Ph
(2)-(2S, 6R, 8R)-2-(Benzyloxymethyl)-6-(5'-iodopent-4'-en-1'-yl)-8phenyl-1-aza-9-oxabicyclo[4.3.0]nonane.
lodomethyltriphenylphosphonium iodide (28.0 mg,%@mol) was suspended in dry THF (0.5 mL) and abdde0 °C
under nitrogen. NaHMDS (1.0 M in THF; 55 pl, 55 qljnwas added dropwise and the mixture stirred1f@rmin.,
during which time a dark orange solution formeche Tnixture was cooled to —85 °C and a precoolegtisol (—85 °C)
of (2S 6R, 8R)-2-(benzyloxymethyl)-6-(3'-formylprop-1'-yl)-8-phgl-1-aza-9-oxabicyclo[4.3.0]nonard4 (16.0 mg,
40.7 pmol) in dry THF (1.0 mL, 0.7 mL wash) was eddiropwise. After 1 h TLC (hexane/EtOAc, 2:1) Igsia

showed the reaction to have stopped. The reaetamquenched by the addition of water (0.05 mL) #radsolvents

N

\

OoBn O

were reducetéh vacuo The crude mixture was loaded directly onto agaeked silica column (SKDMerck 9385) and
purified by slow gravity chromatography (elutingxaee/EtOAc,4:1) to afford the correspondivigyl iodide (16 mg,
76%, rec. 87%, 92:&:E) as a pale yellow oilR 0.6 (hexane/EtOAc, 2:1fa]32—12.4 € 1.5 in CDCH); Vinax (film)
3027, 1604, 1494, 1452, 1099, 1027, 735, 697, @mn(CDCl;, 400 MHz) 7.38-7.22 (10H, m, aromatics), 6.11 (&H,)
6.5 and 1.0, =), 6.01 (1H, q,J 6.5, GH=CHl), 5.45 (1H, dd,) 10.0 and 5.0, B(O)Ph), 4.55 (2H, s, Od,Ph), 3.95
(1H, dt,J 9.0 and 3.0, BHOBN), 3.43 (1H, tJ 9.0, CHHOBN), 3.02 (1H, ddtJ 11.5, 8.5 and 3.0, N), 2.66 (1H, m,
CHHCH(O)Ph), 2.10-0.80 (13H, m, G¥CH(O)Ph, 6 x &l,); 5c (CDCl, 100 MHz) 153.1, 141., 138.6, 128.4, 128.3,
127.7, 127.5, 127.2, 126.1, 82.4, 77.2, 73.5, 78748, 59.2, 41.8, 41.4, 31.2, 29.7, 28.4, 22.43;19RMS (ES)m/z
calcd for GgHasINO, (M+H)*: 518.1556, found: 518.1554; MS (CI, NHN/z518 [(M+H)", 100%], 414 (12). Further
elution of the column afforded unreacted aldeh3@8¢2.0 mg, 13%).

TMS
N "\\ /
N
OBn O—/
Ph
(2)-(2S, 6R, 8R)-2-(Benzyloxymethyl)-6-[7'-(trimethylsilyl)-hept-4'-en-6'-yn-1'-yl]-8-phenyl-1-aza-9-

oxabicyclo[4.3.0]nonane 47.
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Recrystallised copper(l) iodide (5.0 mg; cat.) veaspended in distilled diethylamine (1.0 mL) undegon with the
exclusion of light and trimethylsilylacetylene (374ul, 12.0 mg, 122 umol) added. The resulting jpai& solution was
stirred for 5 min.

Meanwhile, in a separate flask, tetrakis(triphehgighine)palladium(0) (5.0 mg; cat.) was added $tireed solution of
(2)-(2S 6R, 8R)-2-(benzyloxymethyl)-6-(5'-iodopent-4'-en-1"-y)phenyl-1-aza-9-oxabicyclo[4.3.0]Jnonane (21.0 mg,
40.8 umol) in distilled diethylamine (1.0 mL), alght was excluded. After 5 min., the solutiontbé& copper acetylide
prepared above was added by cannula and the neattimitored by TLC (hexane/EtOAc, 3:1). After 30nmthe
reaction was deemed complete and the solvent resmawveder a stream of nitrogen. The crude produstleaded onto a
flash column and eluted with 4:1 petroleum ethe6@EtOAc affording the purenyne47 (20 mg, 100%, > 50:Z:E)

as a yellow oil;R 0.11 (hexane/EtOAc, 95:5) and 0.52 (hexane/EtCRAL); [@]3?-11.7 € 2.0 in CDCH); Vinay (KBF)

2148, 1459, 1366, 1252, 1099, 1034, 846, 754, 9% 6., (CDCl;, 250 MHz) 7.46-7.19 (10H, m, aromatics), 5.80 (1H,
dt, J 11.0 and 7.5, B=CHC=CTMS), 5.44 (1H, ddJ 10.5 and 5.0, B(O)Ph), 5.41 (1H, dJ 11.0, CH=G{C=CTMS),
4.55 (2H, s, PhB,0), 3.95 (1H, ddJ 9.0 and 3.0, BHOBN), 3.43 (1H, ddJ 9.0 and 9.0, CHOBn), 3.03 (1H, ddt)
11.5, 9.0 and 3.0, lN), 2.65 (1H, dd,J 12.5 and 10.5, BHCH(O)Ar), 2.35-2.05 (2H, m, B,CH=), 2.01 (1H, dd)
12.5 and 5.0, CHCH(O)Ar), 1.90-0.75 (10H, m, 5 x5), 0.17 (9H, s, Si(83)3); dc (CDCls, 63 MHz) 145.2, 141.7,
138.6, 128.4, 128.3, 127.7, 127.5, 127.2, 126.9,210102.1, 93.0, 77.3, 73.5, 73.4, 67.8, 59.29.441.8, 31.2, 29.7,
1.0; HRMS (ES)m/zcalcd for GiH4NO,Si (M+H)": 488.2985, found: 488.2990; MS (ES)z 488 [(M+H)", 100%],
384 (3).

(1R, 5S, 8S, 129)-8-(Benzyloxymethyl)-12-(trimethylsilylethynyl)-7-aza-6-oxatricyclo[5.4.1°.0Jundecane 54

and
(1S, 5S, 6R, 95)-9-(Benzyloxymethyl)-6-(trimethylsilylethynyl)-8-aza-7-oxatricyclo [6.4.0.6°Jundecane 53
(2D-(2s, 6R, 8R)-2-(Benzyloxymethyl)-6-[7'-(trimethylsilyl)-hept~en-6'-yn-1'-yl]-8-phenyl-1-aza-9-

oxabicyclo[4.3.0]nonand7 (8.2 mg, 16.8 umol) was transferred to a thickleealass tube as a solution in ether, and
the ether removed under first a stream of nitrogea thenin vacuo Dry distilled toluene (3 mL) was added and the
tube sealed under a stream of nitrogen and heatedl total time of 3 h with TLC monitoring (hexaB&8DAc, 9:1) as
follows: the tube was removed from the heating fzeitth allowed to cool (~35 min.) to hand temperaturbe tube was
opened carefully and a TLC plate spotted. After ThC plate had been exposed and developed thentabae-sealed
under a nitrogen atmosphere and re-immersed ihghgng bath at 190 °C. This procedure was refe#t80 - 45 min.
intervals throughout the course of the reactiobC Ehowed the formation of two products, and treetien could not be
driven to completion. The tube was cooled andcthents were transferred to a round bottomed #agkthe solvent
was removedh vacuoto give the crude product as a brown oil.

Separation of the mixture by gravity chromatographyting with 95:5 hexane/EtOAc yielded ttreeycle 54 (0.6 mg,
9%, 16% rec.) as a colourless &:0.16 (hexane/EtOAc, 95:5)r]32°—40.5 € 0.06 in CHCL,); Vinax (KBr) 2958, 2928,
2876, 2361, 2341, 1462, 1286, 1122, 913, 844 aBdb@m’; 6y (CDCls, 500 MHz) 7.36-7.24 (5H, m, aromatics), 4.68-
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454 (1H, m, €0), 4.56 (2H, s, Phg,0), 3.77 (1H, ddJ 9.5 and 4.5, BnOBH), 3.48 (1H, ddJ 9.5 and 7.0,
BnOCHH), 3.09 (1H, m, @), 2.54 (1H, m, BIC=CTMS), 2.00-0.87 (12H, m, 6 xHG), 0.15 (9H, s, Si(E3)3);

HRMS (ES)m/zcalcd for GsH3NO,Si (M+H)": 384.2359, found: 384.2359; MB/z384 [(M+H)", 100%].

Further elution of the column afforded recovereaitsig materiah7 (3.5 mg; 43%) followed by theicycle 53 (2.1 mg,

33%, 57% rec.) as a colourless &;0.05 (hexane/EtOAc, 95:5)n]3°-30.5 € 0.21 in CDCY); Vinax (KBF) 3031, 2952,

2911, 2846, 2354, 2174, 1497, 1464, 1339, 1252410026, 841, 741 and 694.5 ¢ndy (CDCls, 750 MHz) 7.33-7.12
(5H, m, aromatics), 5.02 (1H, 9.0, GH(O)C=C), 4.51 (2H, s, Phig,0), 3.85 (1H, ddJ 9.0 and 3.0, BHOBN), 3.38

(1H, dd,J 9.0 and 8.5, CHOBn), 2.67 (1H, ddddJ 11.0, 8.5, 3.0 and 3.0,HN), 2.62 (1H, dd,J 9.0 and 7.0,
CHCH(O)C=C), 2.16 (1H, ddyJ 13.5 and 8.5, 4-H), 2.08-2.04 (1H, m, 10)H2.03-1.99 (1H, m, 2-H), 1.89 (1H, d,
14.5 and 3.0, 11-K), 1.84-1.80 (1H, m, 3-H), 1.75 (1H, dd#14.5, 12.5 and 4.0, 1139, 1.72-1.67 (1H, m, 3-H),
1.63-1.52 (3H, m, 12-§, 4'-H, 2"-H), 1.32-1.27 (2H, m, 1234 10-H,), 0.18 (9H, s, Si(B13)3); dc (CDCl, 100 MHz)

138.5, 128.3, 127.8, 127.5, 100.9, 94.5, 78.3,, 783341, 70.2, 60.5, 49.9, 41.2, 34.3, 28.6, 2834]1,220.6, -0.2; HRMS
(C1) m/zcalced for GgH3NO,Si (M+H)™: 384.2359, found: 384.2358; MS (Fiyz384 [(M+H)", 100%)].

Thermal Equilibration Experiments

General Procedure

The substrate was dissolved in ether and transfeae thick walled glass tube and the solvent rexddirst under a
stream of nitrogen and theén vacuo The substrate was re-dissolved in dry distileldiene to give a 0.4 mg mb
solution and the tube sealed under an atmosphenérofen. The sealed tube was heated to 190 &Cttanreaction
monitored by TLC.

Thermal  equilibration of (1R, 5S, 8S,  129)-8-(benzyloxymethyl)-12-(trimethylsilylethynyl)-7-aza-6-

oxatricyclo[5.4.1%°.0]undecane 54.

(1R, 55 8S 129-8-(Benzyloxymethyl)-12-(trimethylsilylethynyl)-aza-6-oxatricyclo [5.4°.0Jundecanes4 (0.3 mg,
0.78 pmol) was treated according to the above pioee After 4.5 h, TLC analysis showed the mixttoébe almost

entirely the6,5,5-tricycle53, along with a significant amount of baseline miater

Thermal equilibration  of (1S, 5S, 6R, 99)-9-(benzyloxymethyl)-6-(trimethylsilylethynyl)-8-aza-7-

oxatricyclo[6.4.0.0"°Jundecane 53.

(1S, 55 6R, 99-9-(Benzyloxymethyl)-6-(trimethylsilylethynyl)-8za-7-oxatricyclo [6.4.0 FJundecanes3 (1.0 mg, 2.6
pmol) was treated according to the above procedAfter 4.5 h, TLC analysis showed only startingtenil 53, along

with a significant amount of baseline material.tekf24 h, only baseline material was present.
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Synthesis of the “unsymmetrical” histrionicotoxins
Total synthesis of HTX-259A

HO\\“‘ N "/

(2S, 6R, 7R, 89)-2-(Hydroxymethyl)-7-cyano-1-aza-12-oxatricyclo[3.1°%.0] undecane.t

(2S, 6R, 7R, 89-2-(Benzyloxymethyloxymethyl)-7-cyano-1-aza-12-tigyclo [5.4.220Jundecan® 57 (53.9 mg, 0.15
mmol) was dissolved in methanol (20 mL) and Ambstrty5" resin (10 mg) added, after which the reaction mmixtwas
stirred at 25 °C overnight. NfEt4 mL) was added and the reaction stirred forrthér 1 h. The solution was filtered to
remove the resin and the filtrate was concentrateddacuo The crude alcohol was purified by flash column
chromatography (EtOAc) to yield ttedcohol as a white crystalline solid which was recrystallisrom a hexane/ether
mix (97%); Ry 0.32 (EtOAc); mp 93-94 °C (from hexane:ethe{c}ﬂng -121.2 € 0.61 in CHCY}); J4 (250 MHz; CDC})
4.74 (1H, ddd)) 3.0, 3.0 and 0.0, 10 ring), 3.77 (1H, ddd] 11.0, 5.0 and 3.5, l¥HOH), 3.63-3.54 (1H, m, CHOH),
3.42 (1H, ddJ 5.0 and 2.0, ECN), 2.65 (1H, ddddj 11.5, 3.5, 3.5 and 3.5,HI), 2.49 (1H, ddJ 5.0 and 5.0, @),
2.20 (1H, dm) 11.0, GH) and 2.03-1.25 (11H, m, 5 ¥ and GH); all data identical to literature valu¥s.

MsO

(2S, 6R, 7R, 89)-2-(Methanesulfonyloxymethyl)-7-cyano-1-aza-12-oxecyclo [5.4.1°%.0Jundecane. t

(2S, 6R, 7R, 89)-2-(Hydroxymethyl)-7-cyano-1-aza-12-oxatricyclofsi®€.0] undecane (6.0 mg, 0.027 mmol), DMAP (2
mg, cat.) and NEt(7.5 pL, 0.054 mmol, 2 eq) were dissolved in di,Cl, (1.5 mL) and a solution of methanesulfonyl
chloride (2.3 uL, 0.029 mmol, 1.1 eq) in dry &Hb (0.3 mL) was added dropwise, after which the ieaanixture was
stirred for 1 h. The CKIl, was removedh vacuoand the residue taken up in EtOAc (2 mL) and wdshi¢h brine (2 x
1 mL). The organic layer was separated and theaeulayer was further extracted with EtOAc (2 mB). The
combined organic phases were dried (MgS&hd concentrateith vacuoto leave a pale yellow oil. Purification of the
crude residue by flash column chromatography (I@A€:hexane) yielded thenesylate(100%); R 0.61 (EtOAc);

[a]&! -143.0 € 0.18 in CHCY); dy (250 MHz; CDCY) 4.77-4.72 (1H, m, BO ring), 4.35 (1H, dd,J 10.5 and 3.0,

CHHOMSs), 4.25 (1H, ddJ 10.5 and 5.5, CHOMs), 3.39 (1H, ddJ 6.5 and 1.5, ACN), 3.06 (3H, s, 83S0,), 2.80-
2.71 (1H, m, €IN), 2.22 (1H, m, @) and 1.92-1.25 (11H, m, 5 x5 and @H); all data identical to literature valu&s.

(2S, 6R, 7R, 85)-2-(Cyanomethyl)-7-cyano-1-aza-12-oxatricyclo[5.2%20]undecane, 56. t
To a mixture of (8 6R, 7R, 89)-2-(methanesulfonyloxymethyl)-7-cyano-1-aza-12+cggclo [5.4.20Jundecane (31.5
mg, 0.11 mmol) and powdered molecular sieves (&#&9 added dry DMSO (3 mL) followed by NaCN (102.§, 2.09
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mmol, 20 eq) and the mixture was stirred at 506C4fdays. The reaction vessel was allowed to tw@5 °C before
the addition of a 1:1 mixture of ether and watem{B). The organic layer was separated and the mmukayer was
further extracted with ether (5 x u6 mL). The cameld organic phases were washed with water (5 xpand brine (5
x[15 mL), dried (MgSQ@) and concentrateith vacuo Purification of the crude residue by flash cofuainromatography
(1:1 hexane:EtOAc) yielded théis-nitrile 56 (69%); R 0.45 (1:1 hexane:EtOAc); mp 115-116 °C ( from

hexane:EtOAc)[a']}g6 -248.5 € 0.35 in CHCY); o4 (250 MHz; CDC}) 4.73 (1H, dddJ 6.0, 3.0 and 3.0, O ring), 3.36

(1H, d,J 6.0, GHCN), 2.76 (1H, ddJ 17.0 and 3.0, BHCN), 2.80-2.71 (1H, m, BN), 2.55 (1H, ddJ 17.0 and 8.0,
CHHCN), 2.22 (1H, dmJ 13.0, GH) and 2.05-1.35 (11H, m, 5 x5 and GH); all data identical to literature valu¥s.

i
L N 9

\ i

O
(2S, 6R, 7S, 85)-2-(0Ox0-1'"-ethyl)-7-formyl-1-aza-12-oxatricyclo[54.1°® 0Jundecane, 59. t
The bis-nitrile55 (17.1 mg, 0.074 mmol) was dissolved in dry tolu¢RenL) and cooled to -78 °C under nitrogen.
DIBAL-H (1.5 M in toluene; 123 uL, 0.185 mmol, 2€8)) was added dropwise and the reaction stirred.foth. The
reaction was quenched by the addition of wet Me®lr() and warmed to 25 °C. The mixture was dilutéth EtOAc
(5 mL) and Rochelle's salt was added (2 mL) togethith a few drops of HCI (2 M aq.) in order to lemthe pH to 5,
after which the reaction mixture was stirred at°250vernight. The aqueous layer was separatedratisad by the
addition of NaHCQ (ag.), and extracted with EtOAc (2 x 5 mL). Thgamic phases were washed with brine (2 x 2
mL), combined, dried (MgS£ and concentrateth vacuoto yield the crude aldehyde. Purification by flasolumn
chromatography (1:1 hexane:EtOAc) through a shagd pielded thebis-aldehyd€100%); R0.19 (1:1 hexane:EtOAc);

[a]5! -130.7 €0.17 in CHCY); 6,4 (250 MHz; CDC}) 10.01 (1H, dJ) 2.5, GHO), 9.83 (1H, dd) 2.0 and 2.0, CKCHO),
4.78 (1H, ddd)) 5.5, 5.5 and 0.0, IGO0 ring), 3.32 (1H, m, BCHO), 3.15 (1H, dddd] 9.0, 6.5, 5.0 and 3.0,HN), 2.86

(1H, ddd,J 16.5, 5.0 and 2.0, HHCHO), 2.51 (1H, dddJ 16.5, 6.5 and 2.0, G#HCHO), 2.18-1.96 (2H, m, Ig,) and
1.80-1.22 (10H, m, 5 x18,); all data identical to literature valu¥s.

I
LAy L0,
SN\ SN
0

(2S, 6R, 7S, 89)-2-(2'-Oxo-ethyl)-7-(2"-iodoethenyl)-1-aza-12-oxaticyclo[5.4.1°2.0] undecane, 61.*

and

(2S, 6R, 7S, 85)-2-(3'-lodoprop-2'-enyl)-7-(2"-iodoethenyl)-1-azai2-oxatricyclo [5.4.£%.0Jundecane, 60. T

Dry recrystallised iodomethyltriphenylphosphoniumdide (215.0 mg, 0.41 mmol) was suspended in dedaBsF (2.0
mL) under argon and cooled to -30 °C. KHMDS (0.5rMoluene; 780 pL, 0.39 mmol, 0.96 eq) was addiegpwise
with rapid stirring and the solution was stirred2@ °C for 0.5 h. The solution was cooled furtteer78 °C and stirring

stopped allowing the salts to settle.
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The bis-aldehyd&9 (7.7 mg, 0.032 mmol) was dissolved in degassed (It mL) and cooled to -78 °C under argon.
The supernatant from the ylide formation (334 pl048 mmol, 1.5 eq) was added quickly and the reactiixture was
stirred for a further 0.5 h.

The reaction was quenched by the addition of weff TH1 THF:HO; 2 mL) and warmed to 25 °C. Ether (4 mL) and
satd. NHCI (4 mL) were added and the organic layer sepdraléhe aqueous layer was further extracted witkret3 x

4 mL) and the organic phases were combined, diitgb(;) and concentrateith vacuo Purificationvia flash column
chromatography (3:1 hexane:ether) yieldedhisevinyl iodide 60 (1.5 mg, 10%); R0.60 (1:1 hexane:EtOAc]:n]lD9 -
35.9 € 0.07 in CHC}); 4 (250 MHz; CDC}) 6.54 (1H, dJ 7.5, =CHI), 6.38-6.29 (3H, m, =BCH,, =CH and =CHI),
4.56 (1H, dddJ 6.0, 6.0 and 0.0, 1O ring), 3.53 (1H, m, =CHB), 2.94 (1H, dddd] 12.0, 8.0, 3.0 and 3.0HN), 2.67
(1H, dm,J 14.0, GHHCH=), 2.45-2.33 (1H, ddd] 14.0, 8.0 and 7.5, GHCH=), 2.02 (1H, m, &), 1.80-1.64 (3H, m,
CH, and @), 1.60-1.40 (6H, m, 3 x1g,) and 1.31-1.19 (2H, m,5;); all data identical to literature valu¥s.Further

elution yieldedthe mono-vinyl iodides1 (7.0 mg, 60%) as a colourless oik(32 (1:1 hexane:EtOA(:]:p']|135 -62.9 €

0.31 in CHCJ); Vna(CHCl) cm 2941s (C-H), 2874s (C-H), 1722s (C=0), 1220m, 52a0d 926w, (250 MHz;
CDCl;) 9.88 (1H, tJ 2.5, GHO), 6.55 (1H, dJ) 7.5, =CHI), 6.35 (1H, dd,) 9.0 and 7.5, 8=CHI), 4.54 (1H, ddd) 5.5,
5.5 and 0.0, 60 ring), 3.56 (1H, m, BCH=CHI), 3.42-3.30 (1H, dddd, 12.0, 6.0, 5.0 an 2.5,HN), 2.88 (1H, ddd}J
16.0, 5.0 and 2.5, GHCHO), 2.53 (1H, dddJ 16.0, 6.0 and 2.5, IHCHO) and 2.05-1.21 (12H, m, 6 X13); 6c(63
MHz, APT; CDCE) 202.6, 136.1, 86.5, 77.0, 65.4, 60.7, 50.7, 43660, 32.1, 31.0, 25.7, 20.1 and 17.8; HRMS (&b
calcd for GH,gO,NI (M+H)*: 361.0539, found: 361.0546; MS (Q@yz362 [(M+H)", 80%], 235 (81), 192 (46) and 176
(100)*?

(2S, 6R, 7S, 89)-2-(Prop-2'-enyl)-7-(2"-iodoethenyl)-1-aza-12-oxaicyclo[5.4.1°2.0] undecane, 62.

Method A™®

A solution of the aldehydé&1 (2.7 mg, 0.008 mmol) and DMAP (1.3 mg, 0.011 mnio8 eq) in THF (1 mL) was
freeze-thaw degassed (three cycles) before beiolg@aown to -50 °C. Tebbe reagent (0.5 M in tokye21 pL, 0.011
mmol, 1.3 eq) was added dropwise and the resutamige solution was allowed to warm to 20 °C ovértl

The solution was recooled to -20 °C and an aqusoligion of NaOH (0.98 M; 21 pL, 0.011 mmol, 1.3 &ps added
and the reaction mixture was allowed to warm t@®ver 1 h. The quenched reaction mixture wasgmbinto ether
(2 mL) over NaSQ, before filtration through a short plug of Celite The filtrate was concentratdd vacuo
Purification of the crude residuga flash column chromatography (2:1 hexane:EtOAchifiired thealkene62 (1.7 mg,
63%) as a colourless oil.

Method B

The aldehydes1 (9.4 mg, 0.026 mmol) was dissolved in dry tolu¢denL) and Petasis' reagehd1 (127 mg/mL; 64
pL, 0.039 mmol, 1.5 eq) added dropwise and thetitramixture was stirred at reflux in the absentdight for 1.5 h.
The mixture was concentrat@dvacuoand the crude residue was preabsorbed onto &idaCl,) and purified by flash

column chromatography (3:1 hexane:EtOAc; 1% J)Et yield thealkene62 (7.8 mg, 83%) as a colourless oik(60
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(1:1 hexane:EtOAc)[a]Z -23.5 € 0.17 in CHCY); Vinathin film) 3070, 2932, 2864, 1639, 1604, 1446, 230279,

1263, 1081 and 923 ¢mdy(500 MHz; CDC)) 6.52 (1H, d,J 7.5, =CHl), 6.35 (1H, dd,J 9.0 and 7.5, B=CHI), 5.86
(1H, dddd,J 17.0, 10.5, 10.0 and 6.5H&CH,), 5.08 (1H, dJ 17.0, CH=CH trans), 5.04 (1H, dJ 10.0, CH=CGiH
cis), 4.55 (1H, dddJ 6.0, 6.0 and 0.0, IO ring), 3.54 (1H, dd] 7.5, and 6.0, BCH=CHI), 2.79 (1H, dddd] 12.0, 9.0,
3.0 and 3.0, @N), 2.82-2.71 (1H, m, CHCH=CH,), 2.10 (1H, ddd,J 13.5, 6.5 and 6.5, i), 2.02 (1H, m,
CHHCH=CH,), 1.77 (2H, tmJ 13.5, CH), 1.66 (1H, m, €l), 1.60-1.40 (7H, m, &[1[ICH, and @H) and 1.13 (1H, m,
CH); 6c(63 MHz; CDC}) 136.5, 136.0, 116.6, 86.1, 77.2, 65.3, 64.3, 58983, 35.2, 32.5, 29.6, 25.8, 20.1 and 17.9;
HRMS (Cl) m/zcalcd for GsH,sNOI (M+H)™: 360.0824, found: 360.0827; MS (G1)/z360 [(M+H)", 76%)], 279 (47),
234 (65), 218 (75), 130 (79) and 102 (100).

TIPS
K\“‘ N ’///
O
(2S, 6R, 7S, 89)-2-(Prop-2'-enyl)-7-(4"-triisopropylsilyl-but-1"-e n-3"-yn-1"-yl)-1-aza-12-oxa

tricyclo[5.4.1°%.0Jundecane, 63.

Copper iodide (4 mg, cat.) was dissolved in HNEtO mL) under nitrogen and TIPS-acetylene (9.7 @043 mmol, 2
eq) was added, after which the reaction mixture staed in the absence of light for 0.25 h. Thenorvinyl iodide62
(7.8 mg, 0.022mmol) was dissolved in HMEL.5 mL) under nitrogen in the absence of lighd &men Pd(PPy (5 mg,
cat.) was added. After the reaction mixture wéasest for 5 min., the Cul/TIPS acetylene mix wasled, and the
reaction mixture was again stirred for 17 h at @5rf the absence of light.

The reaction mixture was diluted by the additiorE¢®Ac (6 mL) and reduced to virtual dryness ungezuum. This
process was repeated twice. The crude residugpurdted by flash column chromatography (9:1 hex&t®Ac; 1%
NEt) to yield thetriisopropylsilyl acetylene63 (7.3 mg, 81%) as a colourless oil; ®70 (1:1 hexane:EtOAc):x)']llj5
+0.40 € 0.58 in CHCY); Vmax(thin film) 2941s (C-H), 2865, 2146, 2063, 16406241007 and 951cf 5,(500 MHz;
CDClg) 6.06 (1H, dd,J 10.5 and 10.5, B=CHC=CTIPS), 5.82-5.73 (1H, m, K&=CH,), 5.76 (1H, d,J 10.5,
CH=CHC=CTIPS), 5.05 (1H, dJ 19.5, CH=CHH trang), 5.02 (1H, dJ 11.0, CH=CHH cis), 4.53 (1H, ddd] 6.5, 6.0
and 0.0, €O ring), 3.98 (1H, ddJ 10.5 and 6.5, BCH=CHC=CTIPS), 2.79-2.75 (2H, m, AN and CHHCH=CH,),
2.07-1.95 (2H, m, BHCH=CH, and ), 1.79-1.72 (2H, tmJ 15.5, GH,), 1.63-1.37 (8H, m, 4[ICH,), 1.09 (21H, s,
Si(Pr)) and 1.09 (1H, m, B); 5c(63 MHz, APT; CDC}) 138.7, 135.9, 116.5, 113.6, 103.4, 96.5, 77.77,654.2, 46.4,
39.2, 34.5, 32.6, 29.6, 25.4, 19.6, 18.6 (q), M@ 11.3; HRMS (ESin/z calcd for GgH.NOSi (M+H)": 414.3192,
found: 414.3189; MS (Clin/z414 [(M+H)", 100%], 174 (25) and 98 (16).
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TIPS
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HO
(-)-Triisopropylsilylhistrionicotoxin 259A, 64.

The isoxazoliding3 (3.8 mg, 0.009 mmol) was dissolved in glacial acatid (1 mL) under nitrogen and activated zinc
dust (7.0 mg, 13 eq) added in one portion. Afigorous stirring at 25 °C for 0.75 h, the reactwas quenched by the
addition of a solution of satd. aqueous NaOAc at@A€ (1:1; 4 mL) and stirring was continued foruather 1 h. The
aqueous layer was separated, neutralised (satdCRgHand extracted further with EtOAc (2 x 5 mL). Témmbined
organic phases were washed with water (3 x 5 mé thrine (3 x 5 mL), dried (MgS{Pand concentratesh vacuo

Purification of the crude residwga flash column chromatography (1:9 MeOH:£H) yielded TIPS-histrionicotoxind
(3.4 mg, 89%) as a colourless oil; ®10 (1:9 MeOH:CHCl); [a']lD5 -31.1 € 0.18 in CHC}); vmaxthin film) 3233,

2939, 2864, 2145, 1642, 1462, 1254, 1070 and 998 &x(500 MHz; CDC}) 5.71 (1H, dd,J 10.5 and 10.0,
CH=CHC=CTIPS), 5.77-5.64 (2H, m,K=CH, and GH=CHC=CTIPS), 5.26 (1H, d) 17.0, CH=®H transg), 5.16 (1H,
d, J 10.0, CH=CHH cis), 4.04 (1H, br m, €OH), 3.83 (1H, br dJ 10.0, GHCH=CH), 3.28 (1H, br m, BNH), 2.52
(1H, br m, CHHCH=CH), 2.47 (1H, br m, CHCH=CH,), 2.23 (1H, br m, €), 2.06 (1H, br g, 14.0, G4), 1.85 (1H,
br d,J 13.5, G4), 1.77 (1H, br dJ 13.5, GH), 1.67-1.54 (8H, m, & CH,) and 1.10 (21H, s, $Rr)); HRMS (ES)m/z
calcd for GgHasNOSi (M+H)": 416.3348, found: 416.3344; MS (@)¥z416 [(M+H)", 100%)], 98 (28) and 90 (35).

13K N ,,/16

/

HO

(-)-Histrionicotoxin 259A, 2.

Triisopropylsilylhistrionicotoxin-259A64 (6.6 mg, 0.016 mmol) was dissolved in THF (3 mhyla solution of TBAF
(1.0 M in THF; 32 pL, 0.032 mmol, 2 eq) was addethwstirring. After the reaction mixture was stidrat 25 °C for
0.75 h the reaction was deemed complete as judgdd 6 analysis. The reaction mixture was conceattainder a
stream of nitrogen and purifieda flash column chromatography (1:9 MeOH:&H) to furnish(-)-HTX-259A2 as a
colourless oil; R0.28 (1:9 MeOH:CHCl,); d4(500 MHz; CDC}) 5.83 (1H, ddJ 10.5 and 10.5H-15), 5.83-5.75 (1H,
m, H-13), 5.62 (1H, dJ 10.5,H-16), 5.25 (1H, dJ 17.5,H-14 trang), 5.15 (1H, dJ 10.0,H-14 cis), 3.97 (1H, br s,
CHOH), 3.71 (1H, dJ 10.0, GINH), 3.22 (2H, br mH-7 andH-18), 2.50-2.33 (2H, br nH-12 x 2), 2.09-2.00 (2H, m,
CH,) and 1.80-0.80 (10H, m, 5 x3).
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(-)-Histrionicotoxin 259A Hydrochloride.

(-)-Histrionicotoxin259A 2 was dissolved in dry methanol (1 mL) and a solutdmethanolic HCI (0.3 M; 54 plx1
eq) was added. After the mixture was stirred fdr B, the solvent was removéd vacuofurnishing (—)-HTX-259A
hydrochloride (3.9 mg, 82%) as a colourless oil 28 (1:9 MeOH:CHCl,); [a']ZDS'5 -54.0 € 0.2 in EtOH);oy (500
MHz; MeOH) 6.00 (1H, ddJ 10.5 and 10.5H-15), 5.85-5.75 (1H, ni-13), 5.78 (1H, d,) 10.5,H-16), 5.27 (1H, d;)
15.5,H-14 trans), 5.25 (1H, d.J 8.0,H-14 cis), 3.99 (1H, s, €IOH), 3.78 (1H, sH-18), 3.63 (1H, mH-7), 3.55-3.49
(1H, br m, GINH), 2.55-2.49 (1H, mH-12), 2.34 (1H, ddd] 14.0, 9.0 and 9.04-12), 2.04-1.87 (3H, m, I8, and GH),
1.76-1.68 (6H, m, 3 xB,) and 1.37-1.29 (3H, m,}5; and ®H); Jc (100 MHz; MeOH) 137.8, 132.0, 119.3, 112.7, 84.5,
78.6, 70.0, 59.9, 51.4, 40.8, 38.3, 33.9, 32.42,286.8, 17.4 and 14.0; HRMS (E®)zcalcd for G;HNOCI (M-CI)*:
260.2014, found: 260.2015; MS (GHyz260 [(M-CI)", 100%], 186 (52}
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Synthesis of the “unsymmetrical” histrionicotoxins
Total synthesis of HTX-285E

)

BOMO._. o
/

N
0

(2S, 6R, 7S, 85)-2-(Benzyloxymethyloxymethyl)-7-formyl-1-aza-12-oatricyclo [5.4.1°%.0] undecane, 69.

(2S, 6R, 7R, 89-2-(Benzyloxymethyloxymethyl)-7-cyano-1-aza-12-tieyclo [5.4.£20]Jundecan&7 (185.1 mg, 0.541
mmol) was dissolved in dry toluene (21 mL) and eddb -78 °C under nitrogen. DIBAL-H (1.5 M intene; 0.72 mL,
1.1 mmol, 2 eq) was added dropwise and the reantigture was stirred for 0.75 h.

The reaction was quenched by the addition of weOM&1.5 mL) and warmed to 25 °C. The reaction orixtwas
diluted with EtOAc (15 mL) and Rochelle's salt veaksled (6 mL), together with a few drops of HCI (2alyl) in order to
lower the pH to 5, followed by stirring overnighfthe aqueous layer was separated and neutralis¢itebgddition of
NaHCG; (aqg.) and extracted with EtOAc (2 x 20 mL). Thenbined organic phases were washed with satd. (Rixe
10 mL), dried (MgS@ and concentratedn vacuo to yield the crude aldehyde. Purification by flasolumn

chromatography (1:1 hexane:EtOAc) yielded thielehyde 69 (187.2 mg, 100%) as a clear oil;y B.34 (1:1

hexane:EtOAc){a]3° -93.7 € 0.62 in CHCY); Vmathin film) 3030, 2937, 2867, 1710, 1496, 1453, A,16105, 1050

and 925 crif; 8, (500 MHz; CDC}) 9.99 (1H, d,J 2.5, GHO), 7.35-7.24 (5H, m, aromatics), 4.79 (1H,J7.0,
OCHHO), 4.77 (1H, d,) 7.0, OCHHO), 4.79-4.74 (1H, m, BO ring), 4.61 (1H, dJ 12.0, OGIHPh), 4.58 (1H, dJ
12.0, OCHHPh), 3.87 (1H, ddJ 9.5 and 3.0, BHOBOM), 3.60 (1H, ddJ 9.5 and 7.5, CHOBOM), 3.25 (1H, m,
CHCHO), 2.74 (1H, dddd] 11.5, 7.5, 3.0 and 3.0HN), 2.13-2.00 (2H, m, B,), 1.92 (1H, dmJ 13.5, G4), 1.79-1.52
(7H, m, 3 x G, and GH) and 1.46-1.26 (2H, m,K); 3¢ (125 MHz, APT; CDGJ) 201.1, 138.0, 128.3, 127.8, 127.6,
95.0, 75.9, 70.1, 69.3, 65.4, 64.5, 56.3, 35.95328.4, 26.6, 18.8 and 18.1; HRMS (Q@i)z calcd for GgH,NO,
(M+H)*: 346.2018, found: 346.2021; MS (Etyz346 [(M+H)", 100%], 330 (16), 286 (20) 194 (23) and 106 (17).

BOMO._ .\ Arv,
/

N
O
(2S, 6R, 7S, 89)-(1'2)-2-(Benzyloxymethyloxymethyl)-7-(2'-iodoethenyl)-1aza-12-oxatricyclo[5.4.%2.0Jundecane.

Dry recrystallised iodomethyltriphenylphosphoniuodide (900.7 mg, 1.69 mmol, 3.1 eq) was suspendetkgassed
THF (30 mL) under argon and cooled to -30 °C. KH&[®.5 M in toluene; 3.26 mL, 1.63 mmol, 3 eq) wdsed and
the solution was stirred at -30 °C for 0.5 h. FEb&ution was cooled further to -78 °C and stirrimas stopped, allowing
the salts to settle.

The aldehydé.53(187.2 mg, 0.541 mmol) was dissolved in degasd¢dl L5 mL) and cooled to -78 °C under argon.
The supernatant from the ylide formation (16.6 @I85 mmol, 1.5 eq) was added quickly and the reactiixture was
stirred for a further 0.5 h.

The reaction was quenched by the addition of wef TH1 THF:HO; 10 mL) and warmed to 25 °C. Ether (30 mL) and
satd. NHCI (4 mL) were added and the organic layer wasrsgpd. The aqueous layer was further extractell ether

(3 x 30 mL), the organic phases were combinedddiégSQ) and concentrateid vacuo Purificationvia flash column
chromatography (3:1 hexane:EtOAc) yielded tlike compound(203.4 mg, 81%) as a colourless oil; R32 (2:1
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hexane:EtOAc){a]3 -48.8 € 1.26 in CHCY); (Found: C, 54.8; H, 6.1; N, 3.1%,8,0NOs| requires C, 54.7; H, 6.0;
N, 3.0%);Vmax(thin film) 2932, 2865, 1456, 1300, 1278, 1159, 8 80d 1050 cift 6 (500 MHz; CDC}) 7.37-7.26 (5H,
m, aromatics), 6.53 (1H, d,7.5, =GHl), 6.34 (1H, dd,J 9.0 and 7.5, B=CHI), 4.82 (1H, dJ) 6.5, OGHHO), 4.80 (1H,
d, J 6.5, OCHO), 4.62 (2H, s, OB,Bn), 4.55 (1H, ddd,J 5.5, 5.5 and 0.0, O), 3.95 (1H, ddJ 9.5 and 3.0,
CHHOBOM), 3.63 (1H, ddJ 9.5 and 7.5, CHOBOM), 3.55 (1H, br ddJ 9.0 and 5.5, BCH=CHI), 3.00 (1H, dddd]
12.0, 7.5, 3.0 and 3.0HN), 2.04-1.95 (2H, m, B,), 1.77 (1H, ddJ 14.0 and 2.5, B), 1.67-1.42 (8H, m, 4 xI&,) and
1.31 (1H, ddt,]) 13.0, 13.0 and 3.0,H); 6c(125 MHz; CDC}) 138.1, 136.3, 128.4, 127.9, 127.6, 95.1, 86.49,780.5,
69.3, 65.2, 64.3, 50.7, 35.0, 32.4, 28.6, 25.87 #0d 17.8; HRMS (ES/zcalcd for GiHxNOsl (M+H)*: 470.1192,
found: 470.1196; MS (Clin/z470 [(M+H)', 85%], 391 (53), 344 (100), 328 (36), 106 (42) 8B44).

TMS
AN
BOMO__. N ',/
(@]

(2s, 6R, 7S, 89-(1'2)-2-(Benzyloxymethyloxymethyl)-7-(4'-trimethylsilyl-but-1'-en-3'-yn-1'-yl)-1-aza-12-
oxatricyclo [5.4.1°% 0Jundecane, 70.

Copper iodide (9 mg, cat.) was dissolved in HNGtmL) under nitrogen and TMS-acetylene (46 pB20mmol, 1.5 eq)
was added after which the mixture was stirred ia thark for 0.25 h. Meanwhile, $2 6R, 7S, 89-(12)-2-
(benzyloxymethyloxymethyl)-7-(2"-iodoethenyl)-1-a¥a-oxatricyclo[5.4.12 0Jundecane (101.7 mg, 0.216 mmol) was
dissolved in HNEt(8 mL) under nitrogen and Pd(PJPH8 mg, cat) added. The reaction mixture was stifog 5 min.,
after which the Cul/TMS acetylene mix was addeddig@and the reaction stirred for 1 h.

The reaction mixture was diluted by the additionE#®©Ac (10 mL) and reduced to virtual drynessvacuo This
process was repeated twice. The resulting crudédue was purified by flash column chromatographyl (
hexane:EtOAc; 1% NB) to yield thetrimethylsilytenyne70 (90.2 mg, 95%) as a pale yellow oil; B.64 (2:1
hexane:EtOAc){als -11.7 € 0.40 in CHCY); Vima(thin film) 3030, 2935, 2869, 2148, 1603, 1496, 045379, 1290,
1050 and 844 cih Jy(500 MHz; CDC}) 7.37-7.26 (5H, m, aromatics), 6.05 (1H, dd, 10.5 and 10.0,
CH=CHC=CTMS), 5.73 (1H, dJ 10.5, CH=GIC=C), 4.81 (1H, d,J 6.5, OGHHO), 4.79 (1H, d,) 6.5, OCHHO), 4.63
(1H, d,J 12.0, PhCHIO), 4.60 (1H, dJ 12.0, PhE&IHO), 4.52 (1H, dddJ 6.5, 5.5 and 0.0, Ig0), 3.93 (1H, ddJ 9.5
and 3.0, CHHOBOM), 3.89 (1H, ddJ 10.0 and 6.5, BCH=CH), 3.64 (1H, ddJ 9.5 and 7.0, BHOBOM), 2.97 (1H,
dddd,J 12.0, 7.0, 3.5 and 3.0 HI), 2.05-1.93 (1H, m, B), 1.93 (1H, dddJ 13.5, 2.5 and 2.5, 1), 1.83-1.80 (1H, m,
CH), 1.72-1.26 (9H, m, 4 x &, and G1) and 0.20 (9H, s, Si(ds)s); 5c(63 MHz; CDC}) 139.1, 138.1, 128.3, 127.9,
127.6,113.2,101.9, 100.0, 94.9, 77.7, 70.4, 6852, 64.4, 46.3, 34.5, 32.4, 28.6, 25.3, 19.8 &nd -0.1; HRMS (CI)
m/zcalcd for GgHasNO5Si (M+H)": 440.2621, found: 440.2615; MS (C)/z440 [(M+H)", 100%], 288 (13), 279 (26)
and 90 (15).
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(2S, 6R, 7S, 89)-(1'2)-2-(Hydroxymethyl)-7-(4'-trimethylsilyl-but-1'-en- 3'-yn-1'-yl)-1-aza-12-

oxatricyclo[5.4.1°8 0Jundecane, 71.

The benzyloxymethyl ethét0 (52.3 mg, 0.119 mmol) was dissolved in methanolrf2Q and Amberlyst-15 resin (10
mg) was added, followed by stirring at 25 °C ovghti NEg (2.0 mL) was added and the reaction mixture winsedt
for a further 1 h.

The solution was filtered to remove the catalyst the filtrate was concentraténl vacuo The residue was purified by

flash column chromatography (1:1 hexane:EtOAc; 1E:;\to yield thealcohol 71 (38.0 mg, 99%) as a colourless oil;
R:0.43 (EtOAc);[a]zD1 +25.5 € 0.42 in CHC}); Vina{CHCl3) 3417, 2935, 2861, 2148, 1599, 1448, 1250, 102, 843

and 759 crit; dy (500 MHz; CDCY) 6.04 (1H, dd,J 10.5 and 10.0, B=CHC=C), 5.73 (1H, dJ 10.5, CH=G{C=C),
4.54 (1H, ddd)J 6.5, 5.5 and 0.0, K90), 3.86 (1H, ddJ 10.0 and 6.5, BCH=CH), 3.78 (1H, dddJ 10.5, 5.0 and 3.5,
CHHOH), 3.62 (1H, dddJ 10.5, 6.5 and 5.0, GHOH), 3.03 (1H, ddJ 5.0 and 5.0, &), 2.94 (1H, ddddJ 12.5, 6.5, 3.5
and 0.0, €IN), 2.06-1.94 (1H, m, B), 1.81 (1H, ddd,) 14.0, 3.0 and 2.5, ), 1.73-1.48 (7H, m, 3 x &, and GH),
1.42-1.33 (3H, m, B,and GH) and 0.20 (9H, s, Sif€)s); dc (63 MHz, APT; CDCJ) 138.7, 113.4, 101.7, 100.1, 78.0,
66.3, 66.0, 65.0, 46.7, 34.5, 32.1, 27.5, 25.25,197.9 and -0.1 (QHRMS (ES)m/zcalcd for GeHaoNO,Si (M+H)*:
320.2046, found: 320.2043; MS (E®)z320 [(M+H)", 86%], 166 (20), 90 (100), 82 (28) and 72 (22).

T™MS
AN
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(2S, 6R, 7S, 89)-(1'2)-2-(Methanesulfonyloxymethyl)-7-(4'-trimethylsilyl-but-1'-en-3'-yn-1'-yl)-1-aza-12-
oxatricyclo[5.4.1°8 0Jundecane, 72.

The alcohol71 (14.5 mg, 0.045 mmol), NE{12.7 pL, 0.091 mmol, 2 eq) and DMAP (4 mg, cagye dissolved in dry
CH,CI; (1 mL) and a solution of methanesulfonyl chlor{8 pL, 0.05 mmol, 1.1 eq) in dry GEl, (2 mL) was added
dropwise. The reaction was stirred at 25 °C for 1

The solvent was removed vacuoand the residue was taken up in EtOAc (2 mL) aaghed with brine (2 mL). The
organic layer was separated and the aqueous lagfusther extracted with EtOAc (2 x 3 mL). Thentmned organic
phases were dried (MgQ0and concentrateih vacuoto leave a pale yellow oil. Purification by flagielumn
chromatography (1:1 hexane:EtOAc) furnished tiesylate72 (13.5 mg, 85%) as a colourless oil (58 (EtOAC);

[cr],138 -2.3 £ 0.22 in CHCY); Vma{thin film) 2954, 2149, 1602, 1461, 1409, 1356,0,2E176, 844 and 759 c¢hndy(500
MHz; CDC}) 6.03 (1H, dd,) 10.5 and 10.0, B=CHC=C), 5.74 (1H, d,) 10.5, CH=G{C=C), 4.53 (1H, ddd} 6.5, 5.5
and 0.0, €0), 4.39 (1H, ddJ 10.5 and 3.0, BHOMSs), 4.35 (1H, ddJ 10.5 and 5.5, CHOMs), 3.82 (1H, ddJ 10.0
and 6.5, GICH=CH), 3.10 (3H, s, B5S0;), 3.01 (1H, dddd) 15.0, 5.5, 3.0 and 3.0 HIN), 1.92-1.81 (3H, m, B, and
CH), 1.71-1.48 (6H, m, 3 x I&,), 1.43-1.29 (3H, m, B, and GH) and 0.20 (9H, s, Sids)s); c(125 MHz; CDC})
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138.4, 113.6, 101.6, 100.3, 77.8, 72.0, 65.9, 6853, 37.1, 34.5, 32.2, 27.7, 25.2, 19.2, 18.0-ar@} HRMS (ES)m/z
calcd for GgHa,NO,SiS (M+H)': 398.1821, found: 398.1824; MS (G1)z398 [(M+H)", 100 %], 304 (35), 90 (21), 72
(21) and 61 (21).

TMS
AN
NOso SN 4
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(2S, 6R, 7S, 85)-(1'Z)-2-Cyanomethyl-7-(but-1'-en-3'-yn-1"-yl)-1-aza-12exatricyclo [5.4.1°% 0Jundecane, 73.

The mesylat&?2 (33.4 mg, 0.095 mmol) was dissolved in dry DMSQOn[2) and NaCN (93.6 mg, 1.91 mmol, 20 eq) and
powdered molecular sieves (4 A) were added. Theti@n mixture was stirred at 55 °C for 2 days.

The reaction vessel was allowed to cool to 25 °foreethe addition of ether and water (1:1; 4 mDhe organic layer
was separated and the aqueous layer was furthexceed with ether (2 x 5 mL). The combined orggstiases were
washed with water (2 x 5 mL) and brine (2 x 5 ndrjed (MgSQ) and concentrateid vacuo Purification of the crude
residue by flash column chromatography (3:1 hexa@@Ac) yielded thenitrile 73 (15.2 mg, 62%) as a colourless oi}; R
0.57 (1:1 hexane:EtOAc[z]3° -14.3 € 0.70 in CHCY); vimad(thin film) 3280, 2938, 2869, 2248, 2077, 1448, 3,0916
and 781 cnf; on(500 MHz; CDC}) 6.09 (1H, dd,J 10.5 and 10.5, B=CHC=C), 5.72 (1H, ddJ 10.5 and 2.0,
CH=CHC=C), 4.52 (1H, dddJ 5.5, 5.5 and 0.0, I@0), 3.77 (1H, ddJ 10.5 and 5.5, BCH=CH), 3.18 (1H, dJ) 2.0,
C=CH), 3.05 (1H, ddddJ 12.0, 8.5, 3.5 and 3.5HN), 2.86 (1H, ddJ 16.5 and 3.5, BHCN), 2.50 (1H, ddJ 16.5 and
8.5, CHHCN), 1.97-1.92 (2H, m, B,), 1.83 (1H, ddtJ 14.0, 3.0 and 3.0,K) and 1.63-1.30 (9H, m, 4 xH; and G);
oc(125 MHz; CDC}) 139.2, 118.5, 112.6, 82.9, 80.1, 77.9, 66.0, 64642, 34.4, 32.1, 29.9, 25.2, 23.2, 19.3 and;17.8
HRMS (ES)m/z calcd for GgHoiNL,O (M+H)™: 257.1654, found: 257.1654; MS (Qt)/z 257 [(M+H)", 100%] and 58
(13).

(2S, 6R, 7S, 89)-(1'2)-2-(Benzyloxymethyloxymethyl)-7-(4'-triisopropylsiyl-but-1'-en-3'-yn-1'-yl)-1-aza-12-
oxatricyclo [5.4.16,8.0Jundecane, 74.

Copper iodide (9 mg, cat.) was dissolved in HNBtmL) under nitrogen and TIPS-acetylene (96 u&3Gnmol, 2.0 eq)
was added after which the mixture was stirred in thark for 0.25 h. Meanwhile, $2 6R, 7S, 89-(12)-2-
(benzyloxymethyloxymethyl)-7-(2'-iodoethenyl)-1-a¥a-oxatricyclo[5.4.12 0Jundecane (101.7 mg, 0.22 mmol) was
dissolved in HNE£ (8 mL) under nitrogen and Pd(PJh8 mg, cat.) was added. After stirring for 5 mihe Cul/TIPS
acetylene mix was added rapidly and the reactionstiered overnight.

The reaction mixture was diluted by the additionE@©Ac (11 mL) and reduced to virtual dryneéasvacuo This
process was repeated twice. The crude residudtingsuwas purified by flash column chromatography:1(
hexane:EtOAc; 1% NBE) to yield thetriisopropylsilylenyne74 (112.9 mg, 100%jps a colourless oil; (R0.32 (3:1
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hexane:E'[OAc)[a']|138 -24.2 € 0.32 in CHCY); Vmadthin film) 2940, 2864, 2145, 1460, 1050 and 922'coa(500 MHz;

CDCls) 7.37-7.26 (5H, m, aromatics), 6.05 (1H, dd,0.5 and 10.0, B=CHC=C), 5.78 (1H, dJ 10.5, CH=GC=C),
4.80 (1H, d,J 6.5, OCHHO), 4.78 (1H, d,J 6.5, OCGIHO), 4.63 (1H, d,J 12.0, Ph€@HO), 4.60 (1H, dJ 12.0,
PhCHHO), 4.55 (1H, dddJ 6.0, 5.5 and 0.0, i90), 3.95 (1H, ddJ 10.0 and 6.0, BCH=CH), 3.90 (1H, ddJ 9.5 and
3.0, HHOBOM), 3.63 (1H, ddJ 9.5 and 7.0, CHOBOM), 2.97 (1H, dddd) 12.0, 7.0, 3.0 and 3.0,HN), 2.04-1.95
(1H, m, (H), 1.88 (1H, dmJ 13.5, ¢H), 1.80 (1H, dmJ 13.5, GH), 1.80-1.74 (1H, dm] 13.5, ), 1.62-1.29 (8H, m, 4
X CH,) and 1.09 (21H, s, $Rr)); 6c(63 MHz, APT; CDC}) 138.5, 138.1, 128.3, 127.9, 127.5, 113.6, 108646, 94.7,
77.8, 70.2, 69.1, 65.5, 64.1, 46.3, 34.4, 32.55,285.4, 19.3, 18.6 (g), 17.9 and 11.3; HRMS (E8% calcd for
CsHsoNO5Si (M+H)": 524.3560, found: 524.3558; MS (G)/z524 [(M+H)', 33%], 174 (35), 108 (100), 106 (89), 91
(87) and 60 (54).

TIPS
AN
O N \", //
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(2S, 6R, 7S, 89)-(1'2)-2-(Hydroxymethyl)-7-(4'-triisopropylsilyl-but-1'- en-3'-yn-1'-yl)-1-aza-12-oxatricyclo
[5.4.1°%.0Jundecane, 75.

The benzyloxymethyl ethét4 (66.1 mg, 0.126 mmol) was dissolved in methanolrf8) and Amberlyst-15 resin (15
mg) was added followed by stirring at 25 °C ovehhigNEt (10 mL) was added and the reaction mixture wasestifor

a further 3 h.

The solution was filtered to remove the catalylsg tatalyst was washed further with methanol (dxrL), and the
combined organic phases concentrated/acuo Purification of the crude residue by flash cotuchromatography
(EtOAC) yielded thealcohol 75 (42.9 mg, 84%) as a white crystalline solid; (R37 (EtOAc); mp 48-49.5 °C (from
hexane:EtOAc);[a 153 +21.1 € 1.40 in CHC)); (Found: C, 71.5; H, 10.2; N, 3.5%,/84:NO,Si requires C, 71.4; H,
10.2; N, 3.5%)Vmax(thin film) 3445, 2940, 2864, 2144, 1461 and 10671;0(5H(500 MHz; CDC}) 6.03 (1H, ddJ 10.5
and 10.0, BI=CHC=C), 5.79 (1H, dJ 10.5, CH=GIC=C), 4.56 (1H, dddJ 6.0, 5.5 and 0.0, @0), 3.91 (1H, ddJ 10.0
and 6.0, GICH=CH), 3.77 (1H, ddd] 10.5, 3.5 and 3.5, JHOH), 3.57 (1H, dddJ 10.5, 5.0 and 5.0, GHOH), 2.97 -
2.91 (2H, m, €N and QH), 2.04-1.97 (1H, m, B), 1.80 (1H, dm,J 14.0, GH), 1.65-1.34 (10H, m, 5 xid,) and 1.09
(21H, s, SiPr)); c(125 MHz; CDC}) 138.0, 113.8, 103.2, 96.8, 78.1, 66.1, 65.6, 64668, 34.4, 32.2, 27.4, 25.3,
19.1, 18.6, 17.9 and 11.3; HRMS (E8)z calcd for G,H,NO,Si (M+H)™: 404.2985, found: 404.2989; MS (Cl) 404
[(M+H)*, 32%], 374 (32), 143 (100), 112 (50) and 96 (50).
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(2S5, 6R, 7S, 89)-(1'2)-2-(Methanesulfonyloxymethyl)-7-(4'-triisopropylsilyl-but-1'-en-3'-yn-1'-yl)-1-aza-12-

oxatricyclo[5.4.1°8 0Jundecane.

The alcohol75 (27.8 mg, 0.069 mmol), NE{19.2 uL, 0.14 mmol, 2 eq) and DMAP (10 mg, cagye dissolved in dry
CH,CI;, (6 mL), and a solution of methanesulfonyl chlor{dd.8 pL, 0.10 mmol, 1.5 eq) in dry @&, (1 mL) was

added dropwise. The reaction was stirred at 2®fQ h.

The reaction mixture was concentraiadvacuoand the residue was preabsorbed onto silica,@GHand purified by

flash column chromatography (2:1 hexane:EtOAc; 1EiNto yield thetitle compound27.5 mg, 97%) as a colourless
oil; Ry 0.63 (EtOACc);[a ] -5.8 € 0.32 in CHCY); Vima(thin film) 2940, 2864, 2144, 1460, 1356, 1176, 25@l 883 cim

1 5,4(500 MHz; CDC}) 6.02 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.78 (1H, dJ 10.5, CH=GIC=C), 4.54 (1H, ddd]
6.0, 5.5 and 0.0, €0), 4.35 (2H, d,) 4.0, GH,0Ms), 3.89 (1H, ddJ 10.0 and 6.0, BCH=CH), 3.09 (3H, s, B:SOy),
3.00 (1H, dtd,) 12.5, 4.0 and 3.5,KN), 1.92-1.85 (1H, m, B), 1.80 (2H, br dJ 14.0, Gd,), 1.60-1.33 (9H, m, 4 xI&,
and @) and 1.09 (21H, s, $Kr)); 9c(125 MHz; CDC}) 137.8, 114.0, 103.1, 96.9, 77.9, 71.9, 65.5, 68633, 37.1,
34.3, 32.2, 27.6, 25.3, 18.9, 18.6, 18.0 and HRMS (ES)m/z calcd for GsH.NO,SSi (M+H)': 482.2760, found:
482.2758; MS (Cln/z482 [(M+H), 100%], 388 (26), 174 (52), 112 (53), 98 (60)(88) and 62 (67).

TIPS
NC_ . .,
N N ’// /
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(2S, 6R, 7S, 89)-(1'2)-2-(Cyanomethyl)-7-(4'-triisopropylsilyl-but-1'-en-3'-yn-1'-yl)-1-aza-12-

oxatricyclo[5.4.1°%.0Jundecane, 76.

(25 6R, 7S, 89)-(1'2)-2-(Methanesulfonyloxymethyl)-7-(4'-triisopropyiidibut-1'-en-3'-yn-1'-yl)-1-aza-12-
oxatricyclo[5.4.£8 0Jundecane (39.1 mg, 0.081 mmol) was dissolvedrinDMSO (4 mL) and NaCN (80 mg, 1.62
mmol, 20 eq) and powdered molecular sieves (4 Apweded. The reaction mixture was stirred atG%ot 4 days.

The reaction vessel was allowed to cool to 25 °foreethe addition of ether and water (1:1; 8 mje organic layer
was separated and the aqueous layer was furthexceed with ether (5 x 5 mL). The combined orggstiases were
washed with water (6 x 5 mL) and brine (6 x 5 mdfjed (MgSQ) and concentrateid vacuo Purification of the crude
residue by flash column chromatography (2:1 hexaher; 1% NEj yielded thenitrile 76 (18.7 mg, 66%)as a
colourless oil which slowly crystallised on starglin the freezer; F0.50 (2:1 hexane:EtOAchp 48.5-49.5 °C[a]1D4 -
2.3 € 0.75 in CHCJ); Vma{thin film) 2940, 2864, 2243, 2144, 1459, 1007 848 cn"; §,,(500 MHz; CDC}) 6.02 (1H,
dd,J 10.5 and 10.0, B=CHC=C), 5.79 (1H, dJ 10.5, CH=@C=C), 4.53 (1H, dddJ 6.0, 5.5 and 0.0, i90), 3.89 (1H,
dd,J 10.0 and 6.0, BCH=CH), 3.03 (1H, dddd] 12.0, 8.5, 3.0 and 3.0HN), 2.86 (1H, ddJ 16.5 and 3.0, BHCN),
2.48 (1H, dd,J 16.5 and 8.5, CHCN), 1.98-1.87 (1H, m, B), 1.90 (1H, br d,J 14.0, GH), 1.82 (1H, br d,) 14.0, GH),
1.68-1.22 (9H, m, 4 x B, and GH) and 1.10 (21H, s, 3Rr)); 6c(125 MHz; CDC}) 137.7, 118.2, 114.1, 103.1, 97.0,
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78.0, 65.8, 61.3, 46.4, 34.2, 32.1, 29.9, 25.32,289.1, 18.6, 17.8 and 11.3; HRMS (B8 calcd for GsHaiN,OSi
(M+H)*: 413.2988, found: 413.2985; MS (Gyz413 [(M+H), 36%], 162 (100), 91 (50), 58 (49) and 49 (79\rtRer

elution of the column furnished recovemésylatg9.7 mg, 25%).

TIPS
. O
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(2S, 6R, 7S, 89)-(1" 2)-2-(2'-Oxo0-1"-ethyl)-7-(4"-triisopropylsilyl-but- 1"-en-3"-yn-1"-yl)-1-aza-12-

oxatricyclo[5.4.1°%.0Jundecane.

The nitrile76 (6.1 mg, 0.015 mmol) was dissolved in dry tolued& (mL) under argon and cooled to -78 °C. DIBAL-H
(1.5 M in toluene; 14.8 pL; 0.022 mmol, 1.5 eq) wdsled dropwise and the reaction mixture was dtiioe 1 h.

The reaction was quenched by the addition of weDM&0.5 mL) and warmed to 25 °C. The mixture wisteld with
EtOAc (4 mL) and Rochelle's salt was added (1 rtdgether with a few drops of HCI (2 M aqg.) in ordedower the pH
to 5. Stirring was then continued overnight. Tdgueous layer was separated and neutralised bwadtigion of
NaHCG; (aq.), and extracted with EtOAc (2 x 3 mL). Thenbined organic phases were washed with brine32nt),
dried (MgSQ) and concentrateh vacuoto yield thetitle compound6.0 mg, 100%) as a colourless oik, (R25 (1:1

hexane:ether)fals -23.0 € 0.33 in CHCY); Vinax (thin film) 2940, 2864, 2722, 2145, 1725, 14615021007, 920 and

883 cmi; dy (500 MHz; CDC4) 9.81 (1H, dd,) 2.0, GHO), 6.04 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.78 (1H, d,)
10.5, CH=GIC=C), 4.54 (1H, ddd) 6.5, 5.5 and 0.0, 180), 3.98 (1H, ddJ 10.0 and 6.5, BCH=CH), 3.34 (1H, m,
CHN), 2.85 (1H, dddy 16.0, 5.0 and 2.0, GHCHO), 2.47 (1H, dddJ 16.0, 6.5 and 2.0, l@HCHO), 2.02-1.93 (1H, m,
CH), 1.81 (1H, dm,) 14.0, GH), 1.69 (1H, dm,J 14.0, GH), 1.64-1.36 (8H, m, 3 x &, and 2 x &), 1.27 (1H, ddt]
13.0, 13.0 and 3.0,K) and 1.11 (21H, s, SRrk); 5o(125 MHz; CDC}) 202.2, 138.1, 113.8, 103.2, 96.8, 78.0, 65.7,
60.3, 49.7, 46.3, 34.4, 32.2, 31.1, 25.3, 19.56,187.9 and 11.3; HRMS (Ci/z calcd for GsHNO,Si (M+H)™:
416.2985, found: 416.2986; MS (Glyz416 [(M+H)", 100%)], 249 (9) and 221 (12).

TIPS
QL
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(25, 6R, 7S, 89-(1"Z, 2'Z)-2-(3'-lodoprop-2'-enyl)-7-(4"-triisopropylsilyl- but-1"-en-3"-yn-1"-yl)-1-aza-12-
oxatricyclo[5.4.1°%.0Jundecane, 77.

Dry recrystallised iodomethyltriphenylphosphoniuadide (55.7 mg, 0.105 mmol, 7.5 eq) was suspendefieeze-
thawed degassed THF (3.0 mL) (three cycles) undgmaand was cooled to -30 °C. KHMDS (0.5 M iruthe; 0.20
mL, 0.10 mmol, 7.1 eq) was added and the solutias stirred at -30 °C for 0.5 h. The solution wasled further to -
78 °C and the stirring was stopped, allowing tHesga settle.

(2s 6R, 7S, 89)-(1"2)-2-(2'-Oxo-1'-ethyl)-7-(4"-triisopropylsilyl-but-'-en-3"-yn-1"-yl)-1-aza-12-
oxatricyclo[5.4.£.0Jundecane (6.0 mg, 0.014 mmol) was dissolvedHf {2.0 mL), thoroughly degassed and cooled to
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-78 °C under argon. The supernatant from the yhdmation (0.64 mL, 0.021 mmol, 1.5 eq) was addeitkly and the
reaction mixture was stirred for a further 0.5 h.

The reaction was quenched by the addition of wef TH1 THF:HO; 1.5 mL) and warmed to 25 °C. EtOAc (4 mL)
and satd. NECI (4 mL) were added and the organic layer sepdrat€éhe aqueous layer was further extracted with
EtOAc (3 x 5 mL) and the organic phases were coathiried (MgS@) and concentrateth vacuo Purificationvia

flash column chromatography (6:1 hexane:EtOAc; 1E4;Nyielded thevinyl iodide77 (6.4 mg, 82%) as a colourless
oil; Ry 0.60 (4:1 hexane:EtOAcfals -10.6 € 0.18 in CHCY); Vi (thin film) 2938, 2863, 2145, 1461, 1366, 1306,

1260, 1076, 1008 and 921 ¢m, (500 MHz; CDC4) 6.30-6.24 (2H, m, B=CHI and CH=Gl), 6.05 (1H, dd,J 10.5
and 10.0, ®=CHC=C), 5.77 (1H, d,J 10.5, CH=GIC=C), 4.54 (1H, dddJ 6.0, 5.5 and 0.0, l0), 3.95 (1H, ddy 10.0
and 6.0, GICH=CH), 2.91-2.87 (1H, br ddnd, 11.5 and 9.0, BN), 2.67 (1H, dm,J 14.5, CHHCH=CHI), 2.34 (1H,
ddd,J 14.5, 7.5 and 7.5, GHCH=CHI), 2.04-1.96 (1H, m, 18), 1.78 (1H, br dJ 13.0, GH), 1.66-1.37 (8H, m, 4 xI&,),
1.28-1.19 (2H, m, B;) and 1.09 (21H, s, SRr)); 5c(63 MHz, APT; CDC}) 138.9, 138.6, 113.6, 103.4, 96.5, 83.6,
77.8, 65.7, 63.6, 46.4, 39.8, 34.5, 32.5, 29.94,250.6, 18.6 (q), 17.9 and 11.3; HRMS (B8} calcd for GgHaaNOSIl
(M+H)*: 540.2158, found: 540.2166; MS (Gyz540 [(M+H)', 5%], 414 (19), 372 (38), 153 (41) and 96 (79).

| 16 TIPS
u 18 AN
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(2s, 6R, 7S, 89-(2'z, 1"2)-2-(Penta-2'.4'-dienyl)-7-(4"-triisopropylsilyl-but-1"-en-3"-yn-1"-yl)-1-aza-12-
oxatricyclo[5.4.1°8 0Jundecane, 78.*

PdCL(MeCN), (2 mg, cat.) was dissolved in dry DMF (0.4 mL) anditrogen and the mixture was stirred. A solutio
of the vinyl iodide77 (10.4 mg, 0.019 mmol) in dry DMF (0.4 mL) was add#ropwise, followed by a solution of
tributylvinyl tin (8.5 uL, 0.029 mmol, 1.5 eq) imdDMF (0.4 mL) under nitrogen. After complete &adh the colour
of the reaction mixture turned instantaneously framange to black, and, after 5 min. the reactios deemed complete
by TLC analysis.

The reaction was quenched by the addition of amansoiution (10%; 2 mL) and diluted with hexane (R)rfollowed
by vigorous stirring overnight. The organic layeas separated and the aqueous layer was furthacted with hexane
(2 x 4 mL). The organic phases were washed wit® K2 x 4 mL) then brine (2 x 4 mL), dried (Mg@9Cand

concentratedn vacuo Purificationvia flash column chromatography (6:1 hexane:etherNIE&) yielded the(Z)-diene
78 (6.8 mg, 80%) as a colourless oik k49 (4:1 hexane:EtOAc]iu]lD8 -20.0 € 0.15 in CHCY}); Vmax (thin film) 2940,

2864, 2145, 1461, 1004, 950 and 921*¢#y(500 MHz; CDC}) 6.68 (1H, dddJ 17.0, 10.5 and 10.54-15), 6.08 (1H,
dd,J 11.0 and 10.5H-14), 6.05 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.76 (1H, d, 10.5, CH=GC=C), 5.44 (1H,
ddd,J 11.0, 9.0 and 9.04-13), 5.18 (1H, dJ 17.0,H-16trans), 5.09 (1H, d,J 10.5,H-16 cis), 4.54 (1H, dddJ 6.5, 6.0
and 0.0, €10), 3.97 (1H, ddJ 10.0 and 6.5, BCH=CH), 2.82-2.76 (2H, m, AN and GHHCH=CH), 2.27 (1H, ddd)
14.0, 9.0 and 9.0, GHCH=CH), 2.09-1.98 (1H, m, i6), 1.78 (1H, dmJ 13.5, CH), 1.70 (1H, dm, 13.5, @), 1.60-
0.82 (9H, m, 4 x €, and G4) and 1.09 (21H, s, SKr)); 5(100 MHz; CDC}) 138.6, 132.6, 131.0, 129.4, 117.1, 113.6,
103.4, 96.5, 77.8, 65.7, 64.7, 46.4, 34.5, 33.06,329.8, 25.4, 19.6, 18.6 (q), 18.0 and 11.3; HRMES) m/zcalcd for
CogHasNOSI (M+H)": 440.3348, found: 440.3348; MS (@yz440 [(M+H), 13%)], 372 (56), 174 (100) and 150 (43).
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(-)-Triisopropylsilylhistrionicotoxin 285E.

The isoxazolidines.49 (2.2 mg, 0.005 mmol) was dissolved in acetic dtidnL) and activated zinc dust (3 mg) was
added in one portion with rapid stirring. Afte2B.h, the reaction was quenched by the additicancdiqueous solution
of sodium acetate (satd.; 3 mL) and stirred fourgher 0.25 h. The aqueous layer was extractedEt®Ac (3 x 3 mL)
and the organic phases were washed with water33nk) then brine (3 x 3 mL). The combined orgapitases were
dried (MgSQ), concentratedn vacuoand azeotroped in toluene. Purification of theder residuevia flash column

chromatography (9:1 Ci€l,:MeOH) vyielded thetitle compound(2.0 mg, 91%) as a colourless oil; R17 (9:1
CH,Cl»:MeOH); [a]éO -65.7 € 0.14 in CHCYJ); Vmalthin film) 3500-2800, 3227, 2940, 2864, 2145, 168061, 1261,

1095, 1071, 998, 906, 883 and 751 'cidy(500 MHz; CDC}) 6.71 (1H, dddJ) 16.0, 11.0 and 10.64-15), 6.14 (1H, dd,
J11.0 and 11.0H-14), 5.77 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.66 (1H, d,J 10.5, CH=G{C=C), 5.39 (1H, mH-
13), 5.23 (1H, dJ) 16.0,H-16 trans), 5.17 (1H, dJ 10.0,H-16 cis), 3.93 (1H, br m, BOH), 3.81 (1H, br d; 10.0,
CHCH=CH), 3.21 (1H, br m, BNH), 2.49 (2H, br m, 6,CHN), 2.05 (2H, dmJ 14.0, G1,), 1.78-1.20 (10H, m, 5 X
CH,) and 1.10 (21H, s, $Rr)); HRMS (ES)m/zcalcd for GgHagNOSi (M+H)": 442.3505, found: 442.3503; MS (CI)
m/z442 [(M+HY)", 64%)], 358 (32), 272 (31), 115 (38), 98 (100),96), 81 (61) and 72 (35).

| 16
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(-)-Histrionicotoxin 285E, 4.*

Triisopropylsilylhistrionicotoxin 285E (5.2 mg, .8 mmol) was dissolved in THF (2.5 mL) and TBAFXM in THF;
24 pL, 0.024 mmol, 2 eq) was added with stirrinifter the reaction mixture was stirred at 25 °C foh the reaction
was deemed complete by TLC analysis. The readticture was concentrated under a stream of nitr@gehpurified
via flash column chromatography (1:9 MeOH:4H) to furnish(-)-HTX-285E4 (2.8 mg, 84%ps a colourless oil; R
0.57 (3:1 CHCl:MeOH) [lit.*® 0.52 (9:1:0.08 CKCI:'PrOH:aq. NH)]; [a]3 -23.8 € 0.08 in CHCY); Vima(thin film)
3350-2400, 3299, 2931, 2848, 2092, 1728, 1556, 14580, 1092, 1018, 912, 798 and 757'¢hy(500 MHz; CDC))
6.73 (1H, ddd) 16.5, 10.5 and 10.%4-15), 6.16 (1H, ddJ 11.0 and 10.54-14), 5.83 (1H, ddJ 11.0 and 10.54-17),
5.61 (1H, ddJ 11.0 and 2.0H-18), 5.46 (1H, dtJ 11.0 and 8.0H-13), 5.24 (1H, dJ 16.5,H-16 trans), 5.18 (1H, d,J
10.5,H-16 cis), 3.96 (1H, br m, BOH), 3.71 (1H, br dJ 10.5,H-7), 3.22 (2H, br m, BNH andH-20), 2.52 (2H, br m,
2 xH-12), 2.04 (1H, br m, B), 1.79 (2H, br tJ 12.0, ¢H,) and 1.69-1.20 (9H, m, 4 xtG and CH); HRMS (ES)m/z
calcd for GoHogNO (M+H)™: 286.2171, found: 286.2169; MS (Q1)/z 286 [(M+H)", 15%)], 180 (87), 154 (100), 115
(82) and 98 (92¥°
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(-)-Histrionicotoxin 285E Hydrochloride.*
(-)-Histrionicotoxin-285E4 (2.0 mg, 0.007 mmol) was dissolved in dry methgdomL) and methanolic HCI (0.3 M;

35 pL, 0.011 mmol=1.5 eq) was added. After the solution was stifiedl h, the solvent was removéd vacuoto
furnish (-)-HTX-285E hydrochloridas a colourless oil which slowly crystallised aansling (1.9 mg, 84%); mp 231-
235 °C; R0.28 (9:1 CHCI,:MeOH); [a']2D7'5 -38.5 € 0.18 in EtOH) [lit*° [a]ZD5 -122 € 1.0 in EtOH)];dy (500 MHz;
MeOH) 6.72 (1H, ddd] 16.5, 11.0 and 10.5-15), 6.27 (1H, ddJ 11.0 and 10.0t-14), 6.00 (1H, ddJ 11.0 and 10.5,
H-17), 5.61 (1H, ddJ 11.0 and 2.0H-18), 5.45 (1H, dtJ 11.0 and 8.0H-13), 5.33 (1H, dJ 16.5,H-16 trans), 5.25
(1H, d,J 10.5,H-16 cis), 3.99 (1H, br d, BOH), 3.78 (2H, mH-7 andH-20), 3.56-3.50 (1H, m, @NH), 2.65 (1H, m,
H-12), 2.50 (1H, m,H-12), 2.04-1.85 (3H, m, &, and GH), 1.75-1.65 (6H, m, 3 xid,) and 1.42-1.26 (3H, m,K; and
CH); 6c (100 MHz; MeOH) 137.8, 133.5, 131.1, 124.1, 118 R.7, 84.5, 78.6, 70.0, 60.1, 52.5, 40.8, 33.73,321.8,
28.0, 26.9, 17.5 and 14.0; HRMS (E8)z calcd for GgH2eNO (M-CI)*: 286.2171, found: 286.2161; MS (E®)z 286

[(M-CI)*, 100%)]**
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Synthesis of the “unsymmetrical” histrionicotoxins
Total synthesis of HTX-285C

TMS
AN
N %
OTs O

(2S, 6R, 7S, 89)-(1'2)-2-(para-Toluenesulfonyloxymethyl)-7-(4'-trimethylsilyl-but-1'-en-3'-yn-1'-yl)-1-aza-12-
oxatricyclo[5.4.1°8 0Jundecane, 79.

The alcohol71 (8.1 mg, 0.025 mmol) was dissolved in dry 8 (1 mL) under nitrogen and DMAP (2 mg, cat.),
triethylamine (5.3 pL, 0.038 mmol, 1.5 eq) gmtbluenesulfonyl chloride (5.8 mg, 0.030 mmol, £§) were added,
after which time the solution was stirred at 25f6€3 h.

The reaction was quenched by the addition of wéltemL) and extracted with Gi&l, (3 x 3 mL). The combined
organic phases were washed with HCI (2.0 M aqg.; 3mL), dried (MgSQ® and concentrateth vacuo The crude
residue was purified by flash column chromatograf8i¢ hexane:EtOAc) to yield thesylate79 (5.9 mg, 53%)s a
colourless oil; R0.51 (1:1 hexane:EtOAc]a]lD9 -23.6 € 0.28 in CHCY); vimax(thin film) 2939, 2147, 1598, 1448, 1360,
1250, 1177, 975, 950, 843 and 762 'cmi,(500 MHz; CDC}) 7.81 (2H, d,J 8.0, aromatic), 7.33 (2H, d] 8.0,
aromatic), 6.00 (1H, dd} 11.0 and 10.0, B=CHC=C), 5.72 (1H, d,J) 11.0, CH=CGIC=C), 4.46 (1H, dddJ 6.0, 5.0 and
0.0, HO), 4.37 (1H, ddJ 9.0 and 3.0, BHOTSs), 3.86 (1H, ddj 9.0 and 9.0, CHOTSs), 3.77 (1H, ddj 10.0 and 6.0,
CHCH=CH), 3.00 (1H, dddd] 12.0, 9.0, 3.0 and 3.0HN), 2.44 (3H, s, B3), 1.95-1.77 (3H, m, B, and G), 1.65-
1.25 (8H, m, 4 x €), 1.15 (1H, ddtJ 13.5, 13.5 and 3.0,H) and 0.21 (9H, s, Si(CHt); 6c(125 MHz and DEPT;
CDCly) 144.5, 138.4, 133.0, 129.7, 128.1, 113.5, 10108,4, 77.8, 72.3, 65.9, 63.2, 46.1, 34.4, 32.29,275.1, 21.6
(9), 19.0, 17.8 and -0.1 (g); HRMS (E®)zcalcd for GsH3gNO,SIS (M+H)": 474.2134, found: 474.2134; MS (Giyz
474 [(M+H)", 100 %)]. Further elution of the column furnishedovered alcohol 71 (2.8 mg, 35%).

TIPS
AN
NN
OTf O

(2S, 6R, 7S, 89)-(1'2)-2-(Trifluoromethanesulfonyloxymethyl)-7-(4'-triis opropyl silyl-but-1'-en-3'-yn-1'-yl)-1-aza-
12-oxatricyclo[5.4.% 0Jundecane, 80.

To a solution of the alcohd!5 (7.5 mg, 0.019 mmol) in C)&Il, (0.5 mL) under nitrogen and cooled to 0 °C waseadd
triethylamine (3.2 pL, 0.023 mmol, 1.25 eq) and DRIA mg, cat.). Triflic anhydride (3.4 pL, 0.02 wiml.1 eq) was
added dropwise and the reaction mixture was alloedarm to 25 °C and stirred for 1 h.

The reaction was concentratiedvacuq the residue was diluted with EtOAc (2 mL) and es with HCI (2 M; 1 mL).
The aqueous layer was separated and further eadragth EtOAc (2 x 2 mL), and the organic phasessweashed with
brine (3 x 2 mL). The combined organic phases wihied (MgSQ), concentratedn vacuoand purified by flash
column chromatography to furnish thrélate 80 (6.5 mg, 69%) as a colourless 0ik;0R63 (1:1 hexane:EtOAcH (500
MHz; CDCl) 6.03 (1H, dd,) 10.5 and 10.0, B=CHC=C), 5.79 (1H, d,) 10.5, CH=GC=C), 4.68 (1H, ddJ 10.5 and
3.0, (HHOTf), 4.55 (1H, ddd, 6.0, 6.0 and 0.0, [€0), 4.27 (1H, ddJ 10.5 and 8.0, BHOTf), 3.94 (1H, ddJ 10.0
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and 6.0, GICH=CH), 3.09 (1H, dddd] 11.5, 8.0, 4.0 and 4.0 HIN), 2.01-1.90 (1H, m, B), 1.81 (1H, dm, 14.0, GH),
1.63-1.20 (10H, m, 5 x1d,) and 1.09 (21H, s, $Rr)); Further characterisation was not carried outwmib the failure

of later reactions.

T™MS
AN
T Y/
O O

(2S, 6R, 7S, 89)-(1'Z)-2-Formyl-7-(4'-trimethylsilyl-but-1'-en-3'-yn-1'- yl)-1-aza-12-oxa tricyclo[5.4.1%.0Jundecane,
86.

The alcohol71 (4.3 mg, 0.014 mmol) was dissolved in anhydrousSIM2 mL) and IBX*° (5.5 mg, 0.019 mmol, 1.4
eq) was added in one portion and the reaction méxias stirred at 25 °C overnight.

The reaction was quenched by the addition of wgenL) and the residue was extracted into ethet 6mL). The
organic phases were washed with water (6 x 4 nign torine (6 x 4 mL) before being combined anddi(gSQ,).

After evaporation of the organic phase, purificatiof the crude residue by flash column chromatdgyafl:1l
hexane:ether) yielded tteddehydeB6 (4.2 mg, 100%) as a colourless oi};(R41 (1:1 hexane:ethed}a]é3 -28.9 €0.37

in CHCL); Vmay(thin film) 2940, 2869, 2149, 1733, 1447, 1250, 10818 and 844 cif 6,500 MHz; CDC4) 9.78 (1H,
d,J 2.5, GHO), 6.04 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.75 (1H, d,) 10.5, CH=GIC=C), 4.58 (1H, dddJ 6.5, 5.5
and 0.0, €0), 3.80 (1H, ddJ 10.0 and 6.5, BCH=CH), 3.33 (1H, dddJ 12.5, 2.5 and 2.5, KN), 2.12-2.02 (1H, m,
CH), 1.87 (1H, dm)) 14.0, GH), 1.82 (1H, dm)) 13.5, GH), 1.75-1.53 (6H, m, 3 x16,), 1.48-1.38 (3H, m, B, and G)
and 0.20 (9H, s, Si(8s)s); 6c(63 MHz; CDCH) 203.7, 138.2, 113.8, 101.5, 100.5, 78.5, 72.85,68.5, 34.4, 31.9, 25.9,
25.2,19.2, 17.9 and -0.1; HRMS (B8Jzcalcd for GaH,gNO,Si (M+H)*: 318.1889, found: 318.1893; MS (Giyz318
[(M+H)*, 100%], 222 (12), 98 (21) and 90 (68)

(2S, 6R, 7S, 8S, 1'S)-(1"2)-2-(5'-Trimethylsilyl-1'-hydroxypent-4'-ynyl)-7-(4 "-trimethylsilyl-but-1"-en-3"-yn-1"-
yl)-1-aza-12-oxatricyclo[5.4.%% 0Jundecane, 87%).*

and

(2S, 6R, 7S, 8S, 1'R)-(1"2)-2-(5'-Trimethylsilyl-1'-hydroxypent-4'-ynyl)-7-(4 "-trimethylsilyl-but-1"-en-3"-yn-1"-
yl)-1-aza-12-oxatricyclo[5.4.1% 0Jundecane, 88R).*

Magnesium turnings (11.3 mg, 0.47 mmol, 15 eq) weaeed in a two-necked round-bottomed flask ecrdppith a
reflux condenser and a suba seal. The flask wasuated and refilled with nitrogen (3 cycles) befbeing charged
with THF (0.5 mL). Dibromoethane (1 drop) was atld&d the reaction mixture was observed to wardicating that
the reaction had been initiated. A solution ofyloyt bromide91 (32.3 mg, 0.15 mmol, 5 eq) in THF (1.5 mL) was
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added dropwisgia cannula over a period of 0.25 h followed by stigrat 40 °C for 0.5H, after which time a pale yeilo
solution of the Grignard reage®2 was observed to have formed.

The precipitated salts from the Grignard reagenevedlowed to settle and the clear solution (1 r2.5 eq) was added
dropwisevia cannula to a solution of the aldehy8&(10.0 mg, 0.031 mmol) in THF (1.0 mL) and the reacwessel
was stirred at 25 °C for 5 minutes. The reactidxtume was quenched by the addition of X (2 mL) and extracted
into EtOAc (3 x 4 mL). The combined organic phasese dried (MgSg), concentrateth vacuoand purifiedvia flash
column chromatography (3:1 hexane:ether; 1%:Nt6t yield thealcohol 87 (S) (8.4 mg, 60%) as a colourless oil; R

0.45 (1:1 hexane:etherjar [ +8.4 € 0.28 in CHCY); Vinax (thin film) 3423, 2954, 2860, 2173, 1448, 1249, 1,08009,

842 and 759 ch 6,,(500 MHz; CDC}) 6.03 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.73 (1H, dJ 10.5, CH=G{C=C),
4.53 (1H, dd,) 6.5, 5.5 and 0.0, 190), 3.82 (1H, dd)) 10.0 and 6.5, BCH=CH), 3.77 (1H, br dJ 4.0, CH), 3.67 (1H,
dddd,J 4.0, 4.0, 4.0 and 0.0,HDH), 2.82 (1H, dddJ 12.5, 4.0 and 4.0,KN), 2.41 (2H, m, €l,), 1.82-1.46 (10H, m, 5
x CH,), 1.38-1.30 (3H, m, B, and @), 0.21 (9H, s, Si(B3);) and 0.14 (9H, s, Si(d:)s); dc (63 MHz, APT; CDC))
138.7, 113.4, 107.9, 101.8, 100.2, 84.3, 77.9,,8¥3L, 66.2, 47.2, 34.6, 34.2, 32.2, 27.9, 25922,117.9, 16.7, 0.2 (q)
and -0.1 (q); HRMS (ESh/zcalcd for GsH,NO,Si, (M+H)": 444.2754, found: 444.2755; MS (Gtyz 444 [(M+HY',
63%], 290 (100), 249 (12), 221 (20), 172 (18), {55) and 90 (13)?

Further elution of the column yielded the diastemedc alcohol 88 R) (4.6 mg, 33%hplso as a colourless oil; B.23
(11 hexane:ether)[;a']zDC +7.5 € 0.22 in CHCY)); vmax (thin film) 3469, 2954, 2860, 2174, 2170, 1449, 9,24089, 842

and 758 cri; §,,(500 MHz; CDC}) 6.05 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.73 (1H, dJ 10.5, CH=G{C=C), 4.50
(1H, ddd,J 6.5, 5.5 and 0.0, @0), 3.95 (1H, dddJ 9.5, 5.0 and 2.5, @OH), 3.83 (1H, ddJ 10.0 and 6.5, BCH=CH),
3.31 (1H, dJ 1.5, CH), 2.80 (1H, dddJ 12.0, 2.5 and 2.5,KN), 2.53 (1H, dddJ 17.0, 9.5 and 5.0,4), 2.35 (1H, m,
CH), 2.01-1.94 (1H, m, B), 1.84-1.25 (13H, m, 6 x g, and GH), 0.21 (9H, s, Si(B3)3) and 0.15 (9H, s, Si(dy)s);
6c(100 MHz; CDC}) 138.8, 113.4, 107.6, 101.8, 100.1, 84.2, 77.60,787.7, 65.7, 46.9, 34.7, 32.1, 31.7, 25.3, 23.6,
19.2, 17.9, 17.3, 0.2 and -OHRMS (ES)m/zcalcd for GsHs,NO,Si, (M+H)™: 444.2754, found: 444.2754; MS (Qlyz
444 [(M+HY)", 33%)], 290 (52), 222 (24), 172 (80), 155 (72) 80d(100)*?

The assignment of the stereochemistry of the 1tdwd functionality is tentative and based on obedreoupling

constants in thtH NMR spectra.

(2S, 6R, 7S, 8S, 1'9)-(1"2)-2-[5"-Trimethylsilylpent-4'-yn-1'-( S-methyldithio carboxy)]-7-(4"-trimethylsilyl-but-1 "-
en-3"-yn-1"-yl)-1-aza-12-oxatricyclo [5.4.£%.0] undecane, 899).

To a solution of the alcoh®@7 S (5.8 mg, 0.045 mmol) in THF (1.5 mL) cooled to®Was added NaH (60% dispersion
in mineral oil; 5.3 mg, 0.13 mmol, 10 eq). Theatd@n mixture was allowed to warm to 25 °C andretirfor 1.5 h. CS
(8.6 pL, 0.14 mmol, 11 eq) was added dropwise &edréaction mixture was stirred for a further 1 Mel (8.9 pL,
0.063 mmol, 11 eq) was added dropwise and theiosactixture was stirred for a final 1.5 h.
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The reaction was quenched by the addition of wigemL) and extracted with EtOAc (3 x 4 mL). Thenduned
organic phases were washed with water (3 x 4 mlyvied by brine (3 x 4 mL), dried (MgSPand concentrateth

vacua Purication of the crude residue by flash coluaimomatography (4:1 hexane:ether; 1% J{Bfielded the
xanthate88 S (5.8 mg, 83%) as a colourless oil; ®55 (4:1 hexane:etherﬁa]ng -48.3 € 0.21 in CHCY)); Viax (thin

film) 2954, 2868, 2176, 2150, 1448, 1249, 1217,311963, 1011, 842 and 759 &m,(500 MHz; CDC}) 6.14 (1H,
ddd,J 10.0, 3.0 and 3.0, IDCSSMe), 6.06 (1H, dd,10.5 and 10.0, B=CHC=C), 5.69 (1H, dJ 10.5, CH=GIC=C),
4.52 (1H, dddJ 6.0, 5.5 and 0.0, 190), 3.86 (1H, ddJ 10.0 and 6.0, BCH=CH), 3.24 (1H, ddd] 12.5, 3.0 and 3.0,
CHN), 2.53 (3H, s, SB3), 2.43-2.35 (3H, m, B, and GH), 2.04-1.88 (2H, m, B,), 1.79 (1H, dm,) 12.0, GH), 1.69
(1H, dm,J 13.5, GH), 1.62-1.25 (9H, m, 4 x1&, and GH), 0.17 (9H, s, Si(Bl5)5) and 0.15 (9H, s, Si(€y)s); I(63 MHz;
CDCl;) 215.1, 139.3, 113.3, 107.0, 101.9, 100.0, 84353,877.2, 66.1, 64.6, 46.5, 34.7, 32.5, 27.9, 28434, 19.6,
18.9, 18.1, 17.3, 0.1 and -0RMS (ES)m/zcalcd for G/HaNO,S,Si, (M+H)*: 534.2352, found: 534.2349; MS (Cl)
m/z534 [(M+H)", 100%], 428 (45), 340 (25), 308 (30), 290 (3312 276) and 255 (22).

(2S, 6R, 7S, 8S, 1'R)-(1"2)-2-[5'-Trimethylsilylpent-4'-yn-1'-( S-methyldithio carboxy)]-7-(4"-trimethylsilyl-but-
1"-en-3"-yn-1"-yl)-1-aza-12-oxatricyclo [5.4.72.0] undecane.

Procedure as for(2S 6R, 7S 8S, 1'9-(1"2)-2-[5-trimethylsilylpent-4'-yn-1'%$methyldithiocarboxy)]-7-(4"-
trimethylsilyl-but-1"-en-3"-yn-'1-yl)-1-aza-12-aticyclo [5.4.£%0] undecaneB9 (66%) R: 0.62 (1:1 hexane:ether);
[@]22 0.0 € 0.14 in CHCY); Vinay(thin film) 2924, 2863, 2176, 2150, 1458, 1249, 121055, 842 and 759 ¢sy, (500

MHz; CDCL) 6.05 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.91 (1H, dm,) 7.0, G-HOCSSMe), 5.70 (1H, dJ 10.5,

CH=CHC=C), 4.48 (1H, dddJ 6.5, 5.5 and 0.0, @0), 3.75 (1H, ddJ 10.0 and 6.5, BCH=CH), 3.12 (1H, dmJ 12.0,

CHN), 2.56 (3H, s, SHy), 2.44-2.22 (3H, m, B, and GH), 1.97 (2H, m, €l,), 1.82 (2H, tmJ 17.0, G4,), 1.68-0.81
(9H, m, 4 x G, and @), 0.21 (9H, s, Si(E3)s) and 0.14 (9H, s, Si(d)s); dc (100 MHz; CDC}) 215.8, 139.3, 113.0,
106.6, 101.9, 100.0, 85.0, 84.9, 66.0, 65.8, 58648, 34.9, 32.3, 29.7, 26.5, 25.3, 19.5, 18.81,186.8, 0.1 and -0.1;
HRMS (ES)m/zcalcd for G;H4NO,S,Si, (M+H)*: 534.2352, found: 534.2349; MS (Giy/z534 [(M+H)", 100%] and

428 (60).
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(25, 6R, 7S, 89)-(1"Z2)-2-(5'-Trimethylsilylpent-4'-ynl)-7-(4"-trimethyl silyl-but-1"-en-3"-yn-1"-yl)-1-aza-12-
oxatricyclo[5.4.1°8 0Jundecane, 90.

and

(2S, 6R, 7S, 89-(1"E)-2-(5'-Trimethylsilylpent-4'-ynl)-7-(4"-trimethyl silyl-but-1"-en-3"-yn-1"-yl)-1-aza-12-
oxatricyclo[5.4.1°8 OJundecane.

The xanthat8 (S) (3.2 mg, 5.9 umol) was dissolved in dry toluenen(d) under nitrogen and AIBN (0.5 mg, cat) was
added, followed by BysnH (8.1 uL, 0.03 mmol, 5 eq) and the mixture wemtstirred at 110 °C for 10 minutes.

The mixture was concentratad vacuo and the crude residue was purified by flash coluwhromatography (9:1
hexane:ether; 1% NBtto yield the(Z)-isomericisoxazolidine89 (1.5 mg, 57%)as a colourless oil; R0.20 (4:1

hexane:ether)[a']lD5 -15.3 € 0.15 in CHCY)); vmaxthin film) 2929, 2853, 2174, 2150, 1458, 1249, 1,08012, 842 and

782 cm'; 6,4(400 MHz; CDC}) 6.07 (1H, ddJ 10.5 and 10.0, B=CHC=C), 5.71 (1H, dJ 10.5, CH=G{C=C), 4.49
(1H, ddd,J 6.5, 5.5 and 0.0, @0), 3.89 (1H, ddJ 10.0 and 6.5, BCH=CH), 2.71 (1H, m, GN), 2.25 (2H, dtJ 7.0
and 7.0, €i,), 2.02-1.91 (2H, m, By), 1.76 (2H, tt,J 13.0 and 3.0, B,), 1.70-1.26 (10H, m, 5 xid3), 1.15 (1H, ddt)
12.5, 12.5 and 2.5,K), 0.92 (1H, m, @), 0.21 (9H, s, Si(B3)3) and 0.14 (9H, s, Si(ds)s); Jc (125 MHz; CDC})
139.5, 113.0, 107.7, 101.9, 99.8, 84.1, 65.9, 64643, 34.6, 34.1, 32.4, 29.9, 29.6, 25.5, 25.22,210.9, 17.9, 0.1 and -
0.2; HRMS (ES)n/zcalcd for GsH,,NOSK, (M+H)": 428.2805, found: 428.2807; MS (Gt¥z428 [(M+H)", 63%], 222
(23), 98 (40), 90 (100) and 72 (35).

Further elution of the column furnish€g)-isomericisoxazolidine(0.9 mg, 37%) also as a colourless oilQR7 (4:1

hexane:ether)[a]3 -127.9 € 0.28 in CHCY); Vi (thin film) 2933, 2865, 2173, 1458, 1249, 1056, 9842 and 759

cmi®; 5y (400 MHz; CDCH) 6.29 (1H, dd,J 15.5 and 9.5, B=CHC=C), 5.65 (1H, dJ 15.5, CH=G{C=C), 4.40 (1H, m,
CHO), 3.15 (1H, ddJ 9.5 and 6.5, BCH=CH), 2.63 (1H, dddd] 11.5, 8.0, 3.5 and 3.5HN), 2.23 (2H, dt,J 7.0 and
4.0, (H,), 2.01-1.88 (2H, m, By), 1.83-1.72 (2H, m, B,), 1.69-0.88 (11H, m, 5 xi&, and GH), 1.13 (1H, ddt] 12.5,
12.5 and 2.5, B), 0.20 (9H, s, Si(B)s) and 0.14 (9H, s, Si(ds)s); Jc (63 MHz; CDCH) 140.2, 113.7, 107.8, 103.3,
84.2, 78.1, 65.4, 64.2, 49.4, 34.6, 34.2, 32.28.286.4, 25.3, 20.3, 19.2, 18.0, 13.7, 0.2 and; ¥9RMS (ES)m/zcalcd
for CosH4NOSh, (M+H)*: 428.2805, found: 428.2796; MS (@yz428 [(M+H)", 43%] and 90 (100).

TMS . T™MS
W N ("// /
H
HO

16,20-Bis(trimethylsilyl)histrionicotoxin 285C.
The isoxazolidine89 (5.6 mg, 0.013 mmol) was dissolved in acetic é8ichL) and activated zinc dust (9 mg) was added
in one portion with rapid stirring. After 0.5H,dhreaction was quenched by the addition of an agusolution of

sodium acetate (satd; 3 mL) and EtOAc (3 mL) andias then stirred for a further 0.5 h. The aqudaysr was
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extracted into EtOAc (3 x 6 mL) and the organicggtawere washed with water (3 x 3 mL) then bringe 8mL). The
combined organic phases were dried (Mg$S®©@oncentratedn vacuoand azeotroped in toluene. Purification of the
crude residueia flash column chromatography (93:7 &H,:MeOH) furnishedl6,20-bis-(trimethylsilyl)histrionicotoxin

285C(5.5 mg, 97%) as a colourless oik;R09 (9:1 CHCI,:MeOH); [a']zD3 -8.5 € 0.14 in CHCY); Vmax(thin film) 3062,
2954, 2648, 2173, 2150, 1552, 1451, 1250, 843 &Tdcm’; §y (500 MHz; CDC}) 5.74 (1H, dd,J 10.5 and 10.0,
CH=CHC=C), 5.68 (1H, dJ 10.5, CH=GIC=C), 4.09 (1H, br m, HOH), 3.79 (1H, br dJ 10.0, G-HCH=CH), 3.28 (1H,

br m, GHNH), 2.35-2.22 (1H, m, B), 2.28 (2H, dtJ 7.5 and 7.5, 8,), 2.11 (1H, m, @), 2.02-1.40 (14H, m, 7 xK),
0.23 (9H, s, Si(B3)3) and 0.14 (9H, s, Si(ds)s); Jc (63 MHz; CDC}) 138.2, 113.9, 106.3, 101.6, 100.9, 85.3, 71.0,
59.2,52.2, 40.6, 34.6, 33.2, 33.0, 28.6, 27.87,2¥9.4, 18.5, 14.9, 0.2 and -0.1; HRMS (B8 calcd for GsH44,NOSk
(M+H)": 430.2961, found: 430.2955; MS (Qyz430 [(M+H)", 80%], 96 (18) and 90 (100).

=
o)
“WOSNTNY
H

HO

(-)-Histrionicotoxin 285C, 3. *

16,20-Bis(trimethylsilyl)histrionicotoxin 285C (5.tng, 0.012 mmol) was dissolved in dry methanol (&) mand
potassium carbonate (32 mg, 0.23 mmol, 20 eq) wdsdiin one portion. After vigorous stirring at 25 for 17H, the
solvent was removeih vacuoto virtual dryness and the residue was taken upt®Ac (2 mL) and water (2 mL) was
added. The aqueous layer was separated and extracther with EtOAc (2 x 2 mL) and the organicapbs washed
with brine (2 x 2 mL). The combined organic phasese dried (MgSg) and concentrateith vacuo. Purification of the

crude residueia flash column chromatography (1:9 MeOH:£&H}) yielded(-)-HTX-285C3 as a colourless oil (2.9 mg,
88%); Ry 0.18 (9:1 CHCIxMeOH); [ -43.3 € 0.12 in CHCY); Ving,(thin film) 3301, 3218, 2935, 2125, 2092, 1665,
1553, 1452, 1261, 1097 and 961 tri, (500 MHz; CDC}) 5.84 (1H, ddJ 10.5 and 10.0H-17), 5.61 (1H, dJ 10.5,H-
18), 3.96 (1H, br s, BOH), 3.71 (1H, d,J 10.0, GHCH=CH), 3.21 (1H, sH-20), 3.17 (1H, br m, BNH), 2.24 (2H, br
m, CH,), 2.08 (1H, br m, €), 1.96 (1H, sH-16) and 1.82-1.13 (15H, m, 7 xHgand GH); HRMS (ES)m/z calcd for
CioH2eNO (M+H)*: 286.2171, found: 286.2180; MS (G¥z286 [(M+H)", 100%] and 52 (67)?

.
Co

HCI H M
HO

(-)-Histrionicotoxin 285C Hydrochloride.

(-)-Histrionicotoxin 285C3 (2.5 mg, 0.009 mmol) was dissolved in dry methgdohL) and methanolic HCI (0.3 M;
44 pL, =1.5 eq) was added. After stirring for 0.5H, thdvent was removedn vacuo furnishing (-)-HTX-285C
hydrochlorideas a colourless oil which slowly crystallised oansting at -20 °C (2.5 mg, 88%); mp 244.5-246.5 °C
(lit. 17 247-250 °C); R0.15 (9:1 CHClMeOH); [a]5 -44.6 € 0.12 in EtOH) {lit' [a]3° -43.4 € 1.18 in EtOH)}; s,
(500 MHz; MeOD) 6.00 (1H, dd] 10.5 and 10.0-17), 5.78 (1H, ddJ 10.5 and 2.0H-18), 4.01 (1H, s, BOH), 3.79
(1H, m,H-7), 3.79 (1H, dJ) 2.0,H-20), 3.63 (2H, m, N,), 3.54-3.45 (1H, m, BNH), 2.30-2.27 (3H, m, B, andH-
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16), 2.05-1.94 (3H, m, g, and CH), 1.81-1.62 (9H, m, 4 xid, and GH) and 1.35-1.26 (4H, m, 2 xH3); Jc (100 MHz;
MeOD) 137.9, 112.7, 84.5, 82.5, 78.6, 72.2, 69018660.0, 52.3, 40.8, 33.8, 32.8, 32.3, 28.1,,28398, 17.4 and 14.0;
HRMS (ES)m/zcalcd for GgH,gNO (M-CI)*: 286.2171, found: 286.2169; MS (Gt)/z286 [(M-CI)", 100%], and 268
(33).*2

t These experimental procedures were previousljighga in the following paper: E. C. Davison, M. [Eox, A. B.
Holmes, S. D. Roughley, C. J. Smith, G. R. M. Vditis, J. E. Davies, P. R. Raithby, J. P. Adams, Fdrbes, N. J.
Press and M. J. Thompsah,Chem. Soc., Perkin Trans.2002, 1494-1514.

*These experimental procedures were previously iphéd in the Electronic Supplementary Informatianw the
following paper: C. J. Smith, A. B. Holmes and NPdessChem. Commun2002, 1214-1215.
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(1R,58,8S,12R)-8-(Benzyloxymethyl)-12-cyano-7-aza-6-0xatricyc|6[.4.11’5.0]undecane 13

H NMR (250 MHz; CDGJ)
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13C NMR (62.5 MHz; CDG)
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COSY (500 MHz; CD@G)
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HMQC (500 MHz; CDG)
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(1R,58,88,128)-8-(BenzyIoxymethyl)-12-cyano-7-aza-6-oxatricyclﬁ[.4.11’5.0]undecane 54

'H NMR & NOEs (500 MHz; CD@)
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COSY (500 MHZ; CD@)
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(1S,58,98)-9-Benzyloxymethyl-8-aza-7-0xatricyc|o[6.4.1.bﬁundecane 49

H NMR (500 MHz; CDGJ)

¥C NMR (62.5 MHz; CDCI3)
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COSY (500 MHZ; CD@)
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(1R,58,88,128)-8-(Benzy|oxymethyl)-12-(trimethylsiIylethynyl)-7-aza-6-oxatricyc|o[5.4.]1'5.0]undecane 52

'H NMR (500 MHz; CDCI3)
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(18,58,6R,98)-9-(Benzyloxymethyl)-6-(trimethylsiIylethynyl)-8-aza-7-oxatricyc|o[6.4.0.@@undecane 53

'H NMR & NOESs (750 MHz; CD@)
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COSY (750 MHz; CD@G)
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(1R,58,88,128)-8-(BenzonxymethyI)-lZ-methoxycarbonyl-7-aza-6-(atricyclo[5.4.11'5.O]undecane 50

H NMR (500 MHz; CDGJ)
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COSY (500 MHz; CD@G)
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(1S,58,6R,98)-9-(BenzyIoxymethyl)-6-methoxycarbonyl-8-aza-7-0>tdcyclo[6.4.0.01@undecane 51

H NMR (500 MHz; CDGJ)

¥C NMR (100 MHz; CD@))
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HMQC (500 MHz; CDGY)
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HTX-285C Hydrochloride
'H NMR (500MHz, MeOD)
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CRYSTALLOGRAPHIC STRUCTURES

Crystal Data for 37. C;3H4CINO,Si, M = 550.23, triclinica = 11.7549(6)b = 13.7175(9)¢ = 20.1662(13) Ag =
84.294(3),8= 75.250(4) y= 89.894(4)°U = 3128.1(3) & T = 180(2) K, space group-1, Z = 4,u(Mo Ka) = 0.189
mm %, 26 871 reflections collected, 10 742 uniqRg € 0.0510)R1 = 0.0729wWR2[l > 26(1)] = 0.1828, CCDC
deposition number 620201.

Crystal Data for 75. C,4H4:NO,Si, M = 403.67, monoclinica = 7.7031(3)b = 9.8991(6)¢ = 15.8805(8) AS =
98.831(3)°U = 1196.59(11) A T = 180(2) K, space groug2;, Z = 2,u(Mo Ka) = 0.890 mm', 7454 reflections
collected, 4564 uniqudR(,; = 0.0432)R1 = 0.0439wWR2[l > 25(1)] = 0.1107, CCDC deposition number 865489.

Crystal Data for 29. C,;H,gN,O, M = 192.26, orthorhombi@ = 9.6609(9)b = 11.5354(11)¢ = 9.1360(5) AU =
1018.14(15) A T = 180(2) K, space groupca2;, Z = 4,u(Mo Ka) = 0.082 mr*, 5693 reflections collected, 1705
unique Ry = 0.0974)R1 = 0.0401wWR2[l > 25(1)] = 0.0878, CCDC deposition number 881632.

Crystal Data for 48. C,gH,,N,0,, M = 312.40, monoclinica = 8.4675(15)b = 11.662(2)¢ = 8.6820(16) AU =
834.4(3) R, T=150(2) K, space group2;, Z = 2,1 = 0.6885 A (SRS Daresbury),= 0.081 mr, 7499 reflections
collected, 3867 uniqud(; = 0.0575)R1[l > 25(1)] = 0.0643 wR2(all data) = 0.1555, CCDC deposition number
885212.
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N2

Molecular structure c29 with displacement ellipsoids at the 50% probablétvel for non-H atoms.

Asymmetric unit for37 with displacement ellipsoids at the 50% probablkiel for non-H atoms. Atom labels are
shown only for one independent molecule. The othelecule is labelled in an analogous way.
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Molecular structure 048 with displacement ellipsoids at the 50% probablétvel for non-H atoms.
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Molecular structure of5 with displacement ellipsoids at the 50% probablbivel for non-H atoms.
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