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Building blocks from monosaccharides for synthesis of scaffolds,
including macrocycles. Application of allylic azide rearrangement,

azide-alkyne cycloaddition and ring closing metathesis
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Paul V. Murphy*
School of Chemistry, National University of Irela@alway, University Road, Galway,
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Synthesis of compounds with characteristics of r@hferoducts are required to increase
the diversity and biological relevance of compoufaisscreening. These include new
frameworks/scaffolds, with multiple stereogenictces and various functional groups.
Carbohydrates are renewable and are readily alanéth stereochemical diversity and
functionality. Herein, building blocks derived fmo monosaccharides with alkene,
alkyne and organic azide functional groups are us@&tle build-couple-pair strategy of
diversity oriented synthesis was employed takingaathge of RUAAC, CuAAC and

thermally promoted azide-alkyne cycloadditionsylallazide (Winstein) rearrangement
and ring closing metathesis, leading to polyhydtated small, medium and

macrocyclic ring containing scaffolds. There istgmiial to graft appendages (e.g.
pharmacophoric groups) to further increase divwersit compounds available for

screening, or to consider the scaffolds in ligaesigh.



1. INTRODUCTION
Drug discovery and chemical biology rely on thenidfecation of at least one hit
compound for a target at an early stageStrategies for hit identification include
structure based design, ligand deSign screening of chemical libraridsyith both
synthetic and natural product research being seumie compounds, including
providing inspiration for scaffold selection. Im analysis of over 24 million known
compounds, Lipkus and co-workers showed that, 2008, as few as 143 scaffolds or
frameworks accounted for ~50% of all known compayndth frameworks tending to
occur more frequently once reliable and relativelgxpensive synthesis had been
established.
As well, many synthetic compounds reported haviewiht properties to those of drugs
or natural products and may not be as biologicallgvant The most recent Newman
and Cragg analysithas shown that in the area of anti-cancer drugostEry from
1981-2014 that 49% of the approved drugs are ngiuwducts or directly derived from
them. Natural products are believed to be mooeessful in drug discovery, partly
because they have ‘privileged scaffoldsMany natural products are structurally
complex (poly)cyclic rigid molecules, including nmacycles® containing a variety of
functional groups and multiple stereogenic cenigswell as heteroatoms, such as
oxygen or nitrogen that have evolved to have thmalodity to interact with protein
targets’ As a consequence of such observations, there e proposals, including
from industry, for chemists to produce syntheticalactable ‘natural product like
compounds’ as a basis to increase the diversitybamidgical relevance of chemical
libraries!® These observations have inspired areas suchiastatl total synthesis®
‘diversity oriented synthesis’ and ‘biology oriedteynthesis?***“all with a goal to

improve the quality and quantity of hits for cheatibiology and drug discovery:*®



Carbohydrates are chiral, renewable, readily abkal@recursors for synthesis, which
are rich in stereogenic centres, with various fiometl groups and they are components
of natural products of medicinal relevartéeThey have been used as precursors in both
natural product® ' *® and scaffold® syntheses as well as in diversity oriented
synthesis?*'??*% |In earlier work we have used carbohydrate bujjdiocks for
synthesis of scaffolds that are appended with phaophoric groups, giving rise, for
example, to multitargeting ligands for G-proteinupted receptors and the sodium
channel (see chart J%>2° In this paper, building blocks derived from cariorates,
already available from other projects, were instaadd to generate new appendable
scaffolds. The ‘build-couple-pair’ strategy ofversity oriented synthesis was
applied?’ The building blocks had alkenes, alkynes and eazidnd the synthesis
strategy included various types of azide alkyne Iaaadition, including the

incorporation of allylic azide rearrangement amdrtlosing metathesis.
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Chart 1. A. Previous work: Bioactive compounds with pharmacophoric groups
(grey) appended to macrocyclic scaffold. Discotines and key reactions used to
generate the frameworks are indicated (DRAM = deubéductive amination
macrocyclization; CUAAC = copper catalysed azidesadé cycloaddition; RCM = ring
closure metathesis)B. Examples from this work: Scaffolds prepared using RUAAC
(ruthenium catalysed azide-alkene cycloadditioAAC (intramolecular azide alkyne
cycloaddition) combined with AAR (allylic azide mangement) and RCM.



2. RESULTSAND DISCUSSION
2.1  Synthesisof building blocks (build)
The use of building blocks containing at least fuactional groups, drawn from that of
alkene, alkyne and organic azide, was envisagedh®rgeneration of frameworks.
Compoundl, derived fromp-glucuronolactoné® was converted t@, containing the
alkene and azide groups in addition to protectettdyyl groups. Thus, reaction af
with p-methoxybenzyl chloride under basic conditions,ntlegioselective acetonide
hydrolysis followed by oxidative cleavage of thesuking diol to an aldehyde and
subsequent Wittig reaction gave(Scheme 1). Intermediat has been used in the
synthesis of peptidomimetics based on macrocyclge embedded carbohydrates
(MECs)?° Here, propargylation of the free hydroxyl group3agave building blockt
with alkene and alkyne groups. Al3avas used to givé and6 (Scheme 1), with these
similarly containing alkene and alkyne groups. d&sfrom the napththylmethyl ether
being a protecting groui};**which can be removed in the presence of otherybéike

protecting groups, it is also pharmacophdfic.
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Scheme 1. Synthesis of building blockd 4 and6

Intermediate’, derived from methybi-D-mannopyranoside was used previously in the
synthesis of iminosugars with quaternary centfesHere, a propargyl group was
grafted to the 2-oxygen atom @fgiving 8, a building block with allylic azide, alkene
and alkyne groups. A regioisomer®was also generated fro® an intermediate used
for the synthesis 08.3° Thus, the TES and acetonide groups were first veghérom9
using TBAF-THF in aqueous acetic acid to give altriThen reaction of this triol with
2,2-dimethoxypropane in the presence pftoluenesulfonic acid followed by

propargylation, reduction of the ester and finaltydation gavéd0 (Scheme 2).
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Scheme 2: Synthesis 08 and10

2.2. Use of the saccharide building blocks in scaffold synthesis (couple and pair)

The joining together of two building blocks (coupleith azide and alkyne groups was
envisaged by using either the ruthenium catalysediesalkyne cycloaddition
(RUAAC)3** or copper catalysed azide-alkyne cycloaddition A&G)>° to produce
triazoles, to be followed by RCH to effect cyclisation (pair). By having allylazide
functionality in both 8 and 10, the possibility for incorporating Winstein
rearrangemenitin tandem with Huisgen cycloaddition for the nesaffold synthesis
was included.

Reaction ofintermediatell, (see experimental section for synthesigjh alkyne12,%

in the presence of copper sulfate and sodium aat®dave a 1,5-triazole intermediate
(67%) that after ring closing metathesis gave maaie 13 (64%) with trans alkene

(Scheme 3).
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Reaction of 4 with 14> previously used for the synthesis of macrocyclic
peptidomimeticseither gavels or 16, depending on whether RUAAC or CUAAC was
used (Scheme 4). Ring closure metathesis usingldlygeda-Grubbs Il catalyst gave in
the case o015 a mixture of alkene stereocisomédiz(17-cis:17-trans = 2:3). In contrast,
the reaction froml6 gave the trans isomel8 isolated as the major product. The
protecting groups were removed froh7-trans and 18 to give the new
polyhydroxylated macrocycle® and20. The yield for removal of the TBS groups was
low from 17; this reaction has not been optimised. These M@@acrocycles with
embedded carbohydrates). They are digalactosywadmes and botha- and (3-D-
galactopyranose derivatives have been of intefesexample, as galectin inhibitot3,
and could be screened against such lectin targets.

Pairing 2 and 5, using either RUAAC or CuAAC (Scheme 5) and subsat ring
closure metathesis using the Grubbs Il catalysed@dvand 22. Precursor23 was
prepared fromll and diol6 using CuUAAC. Subsequent RCM froB3 proceeded to
give 26, this time with the Hoveyda-Grubbs Il catalystiwe presence of benzoquinone,

the latter used to prevent or reduce alkene is@aion during metathesis.
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Scheme 4. Synthesis of MECs with two embedded galactopysanesidues.
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Next, allylic azide rearrangement and intramoleculaloaddition were combined for
the generation of new scaffolds (Scheme 6 & 7)this regard the thermally promoted
reactions of regioisome&and10 were investigated. Reaction ®fgave two isolated
products25 and26. The imine25 resulted from allylic azide rearrangement of priynar
azide 8 to tertiary azide8a, which then underwent thermally promoted azidesadk
cycloaddition to give triazoline intermediat8b and the latter's subsequent
decomposition to the imin@5. Formation of an imine is known to occur from
triazolines, or alternatively, an aziridine inteiree is formed that can be trapped with
nucleophile$? The medium ten membered ring prod26twas formed directly from
primary azide 8 by competitive intramolecular azide-alkyne cyclo#dd.
Determination of the crystal structure 26 confirmed its structure. Removal of the

acetonide under acidic conditions gave the 2ol
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The thermally promoted reaction 8@ gave a mixture of dien€8 and29, which have
quaternary centers adjacent to a triazole nitragg@m. Either intramolecular azide-
alkene or azide-alkyne cycloaddition were possiden reaction oflOa, formed via
allylic azide rearrangement. However, triazole nfation via alkyne-azide
cycloaddition were clearly preferred. Ring closmgtathesis from the major product
29 was investigated, and while occurring in low yiéhdt optimised), it did give rise to

a product with similarity to naturally occurring raturamine-A*! It is likely that the

10



yield is low due to steric hindrance caused by dbaternary centre adjacent to the

alkene.
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Other scaffolds generated herein can also be cemsldnatural product like’, if one
considers structures of frameworks found in eufifand ipomoeassin A (Chart 2), for
example. The latter, known as a resin glycosidea imacrolactone with embedded
discaccharides, where the hydroxyl groups haveraggmes and it belongs to a family

of compounds with interesting cytotoxic propertis.
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Chart 2. Structures of selected natural products
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3. SUMMARY

Expanding the number and diversity of scaffoldgrameworks is desired in order to
provide a basis for synthesis of new compounds cleemical biology and drug
discovery?* We have demonstrated herein, the synthesis oétaofs (poly)cyclic
functionalised scaffolds via intermediates derifiein carbohydrate€ The reactions
chosen to generate the scaffolds, such as allyilearearrangement used in tandem
with various types of cycloaddition, or CUAAC/RuAAiGllowed by metathesis, have
led to small to medium to macrocyclic ring contagiproducts. The frameworks
generated incorporate features of natural prod@etgdity, complexity, chirality,
scaffold diversity, increased aliphatic contengresbgenic centres, increased oxygen
content). They are appendable, meaning pharmadopip@mups can be attached via
the hydroxyl group$® This is facilitated by regioselectively protectearbohydrate
precursors, which will allow further chemical madétion of the framework in due
course. Although macrocycles, like many naturaldpcts, do not often fit within the
Lipinski ‘rule of 5’ for drug-likenes¥ they are still finding application as drugs or as
tools for research. Macrocycles with embedded afaybirates with pharmacophoric
appendages were reported recently and were usgelv&dop multitargeting ligands for
protein receptors’ To conclude, carbohydrate derived intermediates fe used to
generate new frameworks, providing a strategy taat be considered in medicinal

chemistry projects and topics such as structurdigadd based desidi.

4. EXPERIMENTAL SECTION
General: NMR spectra were recorded with 500 MHz Varian seoeters. Chemical
shifts are reported relative to internal J8ein CDCk (6 0.0) or CHC} (6 7.26) HOD

for D,O (5 4.84) or CDHOD (5 3.31) for'H and CDC} (77.16) or CROD (49.05) for

12



13C NMR spectra were processed and analysed usingResva software'H-NMR
signals were assigned with the aid of gCOSZ-NMR signals were assigned with the
aid of APT, gHSQCAD and/or gHMBCAD. Coupling conss are reported in Hertz,
with all J values reported uncorrected. Low- anghkiesolution mass spectra were
measured on a Waters LCT Premier XE Spectrometegsuring in both positive
and/or negative mode as, using MeCN,OHand/or MeOH as solvent. Thin layer
chromatography (TLC) was performed on aluminiumeshi@recoated with silica gel 60
(HF254, E. Merck) and spots visualized by UV andrdhg with HSO,-EtOH (1:20),
cerium molybdate or phosphomolybdic acid stainiggrds. Flash chromatography was
carried out with silica gel 60 (0.040-0.630 mm, Merck or Aldrich) and using a
stepwise solvent polarity gradient (starting wikfe tconditions indicated in each case
and increasing the polarity as required), corrdlatgh TLC mobility. Chromatography
solvents, cyclohexane, EtOAc, @El, and MeOH were used as obtained from suppliers
(Fisher Scientific and Sigma-Aldrich). Anhydrousrigjne and DMF were purchased
from Sigma Aldrich with other dried solvents (metbh THF, dicholoromethane,
toluene, diethyl ether) being used as obtained &féating with Pure Solv™ Solvent
Purification System. Purity of compounds synthesgisiay be qualitatively assessed by
examination of NMR spectra provided in the suppagrtinformation. Well known
impurities in NMR spectra were identified on thesisaof previously reported NMR
datd® and where possible these are labelled on therspecsupporting information.
Unidentified components are also indicated. Tleddgi calculated are maximum vyields
based on the weight of the final substance repa@medmay contain impurities as can be

evaluated by examination of the spectra.
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(4S,5R)-4-((S)-2-Azido-1-(4-methoxybenzyloxy)ethyl)-2,2-dimethyl-5-vinyl-1,3-
dioxolane2 To a stirred solution af (9.52 g, 33.1 mmol) in anhydrous THF (66 mL,
0.5 M) at 0 °C was added NaH (60 % in mineral bil9 g, 49.7 mmol) portion wise,
and the suspension was stirred at this temper&iui@ min. Then PMBCI (46 mmol,
6.3 mL) and TBAI (1.1 g, 3.3 mmol) were added sedgadly at O °C, and the resulting
mixture was stirred at 25 °C for 16 h under argdaitd aq NHCI| was added and the
resulting mixture was extracted with EtOAc, and tdwmbined organic layers were
washed with brine, dried over P80, and the solvent was removed under reduced
pressure. Flash column chromatography (silica getroleum ether-EtOAc) of the
residue gave the PMB derivative, which was usedh& next step without further
purification; ESI-HRMS: calcd for gH23NzOsNa [M + MeCN + Na] 471.2220; found
471.2228. The PMB derviative (5.36 g, 13.2 mmadsvthen dissolved in 60% AcOH
(50 mL) and the mixture was stirred at room templf® h. The mixture was neutralized
with satd ag NaHC¢&(20 mL) and 1M NaOH (30 mL), and then extractethvéH,Cl,

(3 x 20 mL). The organic portions were combined aaghed with brine (25 mL), dried
over NaSO, and the solvent was removed under reduce pres§ilash column
chromatography (silica gel, petroleum ether-EtOAc]l) gave the desired diol
intermediate (2.44 g, 50 %) as a green pale @i this diol (1.9 g, 5.2 mmol) in Gigl,
(52 mL) was added PhI(OAc)2.0 g, 6.2 mmol). The mixture was stirred at room
temperature for 3 h and then the solvent was reth@tereduced pressure. Flash
column chromatography (silica gel, petroleum etB&DAc, 1:1) gave the intermediate
aldehyde (1.6 g, 91 %) as a yellow oil. To a cdolesolution of
methyltriphenylphosphonium iodide (J#CH;l, 2.5 g, 6.2 mmol) in anhydrous THF
(69 mL) at -78 °C was added 1.0 M NaHMDS solutiér8(mL, 5.8 mmol) dropwise

and stirring was continued at -78 °C for 25 miridaled by 15 min at 0 °C and a further

14



30 min at room temperature under argon atmosph@emixture was cooled again to -
78 °C and the intermediate aldehyde (1.5 g, 4.4 lnm@anhydrous THF (40 mL) was
then added dropwise via syringe. The mixture was ttirred at -78 °C for 10 min and
stirring was continued at room temp for a furtheh 2Zinder argon atmosphere. The
mixture was quenched by the addition of water (b®0). The aqueous layer was
extracted with EtOAc (3 x 100 mL) and the combieganic layer dried over N&QO,,
filtered and the solvent was removed under redupesssure. Flash column
chromatography (silica gel, petroleum ether-EtO8d,) gave2 (810 mg, 55%) as a
green pale oilp *H NMR (500 MHz, chloroform-dp 7.49 — 7.06 (overlapped signals,
2H, aromatic H), 6.96 — 6.77 (overlapped signat$, &omatic H), 5.77 (ddd, J = 16.5,
10.8, 7.4 Hz, 1H, alkene H), 5.20-5.23 (2H, ovepkgp signals, alkene H), 4.69 (d, J =
11.5 Hz, 1H, benzyl B(H)), 4.59 (d, J = 11.4 Hz, 1H, benzyl G#f, 4.29 (t, J = 7.8
Hz, 1H), 3.84 — 3.76 (overlapped signals, 5H), 3ddt, J = 6.3, 5.3, 4.0 Hz, 1H), 3.42
(dd, J = 5.9, 3.5 Hz, 2H), 1.42 (s, 3HHE, 1.41 (s, 3H, E3); **C NMR (126 MHz,
chloroformd) & 159.5 (C), 135.2 (CH, 2C), 129.8 (CH, 2C), 129}, (119.2 (alkene
CHp), 113.8 (CH), 109.4 (C), 80.7 (CH), 78.3 (CH), @8CH), 73.0 (CH), 55.3
(OCHg), 51.7 (CH), 29.7 (CH), 26.9 (CH); ESI-HRMS: Calcd for @H24N3O4
[M+H]* 334.1767; found 334.1780.
1-Allyl-1-deoxy-6-O-dimethyl-ter t-butylsilyl-2-O-pr opar gyl-3,4-O-isopr opylidene-
a-D-galactopyranose 4. To 3 (0.35 g, 0.96 mmol) in dry DMF (10 mL) was addeaHN
(60% dispersion on mineral oil, 153 mg, 3.84 mneotd the mixture was stirred at
room temp for 0.5 h. To this was added propargghbde (0.33 mL, 3.84 mmol) and
the mixture stirred for a further 1 h. Then MeC#niL) was added and stirring was
continued for 5 min and EtOAc was added. The meéxtuas washed with 4@, brine,

filtered and the solvent was removed under redymedsure. Flash chromatography

15



(cyclohexane-EtOAc 9:1) gave the title compodn@63 mg, 95 %) as a yellow ob,
'H NMR (500 MHz, chloroform-d $ 5.82 (ddt, J = 17.1, 10.3, 6.9 Hz, 1H), 5.13 (d,
=17.1, 1.9 Hz, 1H), 5.06 (dd, J = 10.3, 1.8 Hz), 4437 (dd, J = 7.0, 1.8 Hz, 1H), 4.33
(dd, J = 7.0, 3.7 Hz, 1H), 4.28 (d, J = 2.4 Hz, 24D5 (ddd, J = 7.8, 6.5, 3.0 Hz, 1H),
3.92 (ddd, J = 7.8, 5.8, 1.8 Hz, 1H), 3.76 (dd,917% 7.9 Hz, 1H), 3.71 (dd, J = 9.6, 5.7
Hz, 1H), 3.64 (t, J = 3.4 Hz, 1H). 2.43 (1HJ&2.3 Hz, alkyne @), 2.38 — 2.33 (2H,
overlapped signals, GEBH=CH,), 1.50 (3H, s, isopropylidene GH 1.34 (3H, s,
isopropylidene Ch), 0.06 (6H, d,J = 1.9 Hz, each SiCH; *C-NMR (126 MHz,
chloroform-d)é 134.5 (CHCH=CH,), 117.1 (CHCH=CHy,), 109.1 (isopropylidene C),
79.7 (alkyne CH), 75.9 (C-2), 74.7 (alkyne C), 7@24), 72.1 (C-3), 70.9 (C-1), 69.5
(C-5), 62.4 (C-6), 57.7 (alkyne GH 34.0 CH,CH=CH,), 27.1, 25.9, 24.8 (each GH
18.3 (C), -5.4, -5.5 (each SIGHESI-HRMS: calcd. for gH370sSi, 397.2369; found

m/z 397.2386 [M+H]; FT-IR 3307, 2930, 1472, 1257, 1085, 834, 737cm

3-[2-O-(2-Naphthylmethyl)-3,4-O-isopropylidene-6-O-propar gyl-a-D-
galactopyranosyl]-1-propene5  The reaction oB (5.22 g, 14.6 mmol), NaH (60 %
in mineral oil, 520 mg, 21.8 mmol), 2-(bromometimgjphthalene (4.50 g, 20.4 mmol),
TBAI (470 mg, 1.45 mmol) in anhydrous THF (29 mRBf described earlier for the
preparation oR, gave, after flash column chromatography (silica getroleum ether-
EtOAc, 19:1), the title compoundl (5.80 g, 80%) as a yellow oil. Flash column
chromatography (silica gel, petroleum ether:EtOdaye the corresponding alcohol and
to this intermediate (5.78 g, 11.6 mmol) in anhydr@HF (116 mL) TBAF (1.0 M in
THF, 23.2 mmol, 23.2 mL) was added and the mixsinged for 16 h under argon.
Water was added and the mixture was extracted Bti®Ac. The organic layer was

washed with brine, dried over PO, and the solvent was removed under reduced
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pressure. Flash column chromatography (silica getkoleum ether-EtOAc, 6:4) gave
the desired alcohol intermediate (4.0 g, ~95 %pamlorless oil. Reaction of this
intermediate (3.96 g, 11.4 mmol), NaH (60 % in maheoil, 409 mg, 17.0 mmol),
propargyl bromide (16 mmol, 1.4 mL) and TBAI (37 n@@y11l mmol) in anhydrous
THF (22.7 mL) as described in the methoxybenzytathd 1 gave the title compound
(4.1 g, 92 %) as a yellow oil after flash colummazhatography (silica gel, petroleum
ether-EtOAc, 8.5:1.5)'H NMR (500 MHz, chlorofornd): § 7.86-7.81 (overlapped
signals, 3H, aromatic H), 7.77 (br s, 1H, aromét)¢c 7.51-7.43 (overlapped signals,
3H, aromatic H), 5.74 (dddd} = 16.9, 10.2, 7.5, 6.4 Hz, 1H,HSCH,), 5.10-4.97
(overlapped signals, 2H, CH+{;), 4.86 (d,J = 12.2 Hz, 1H, C(H)iPh), 4.70 (dJ =
12.2 Hz, 1H, C(H){Ph), 4.42 (dd) = 7.3, 3.3 Hz, 1H, H-3), 4.33 (dd,= 7.3, 1.8 Hz,
1H, H-4), 4.27-4.16 (overlapped signals, 3H), 4%6J = 7.3, 3.3 Hz, 1H, H-1), 3.73
(dd,J = 9.8, 5.9 Hz, 1H, H-6a), 3.67 (d#i= 9.8, 6.6 Hz, 1H, H-6b), 3.58 (= 3.3 Hz,
1H, 2-H), 2.48-2.35 (overlapped signals, 3H{,6CH=CH,, C=CH), 1.47 (s, 3H, Me),
1.34 (s, 3H, Me)**C NMR (126 MHz, chlorofornd) § 135.3 (C), 134.5 (CH), 133.2
(C), 133.0 (C), 128.2, 127.9 (CH), 127.7 (CH), R6CH), 126.1 (CH), 125.9 (CH),
125.7 (CH), 117.2 (C), 109.5 (CH), 79.8 (C), 75@H]}, 74.4 (C), 72.9 (Ch), 72.6
(CH), 71.8 (CH), 71.1 (CH), 69.9 (GH 68.4 C=CH), 58.6 (CH), 34.7 (CH), 26.9
(CHs), 24.8 (CH); ESI-HRMS: calcd for GHzNOs [M + NH4]* 440.2437; found

440.2426.

3-[2-O-(2-Naphthylmethyl)-6-O-propar gyl-a-D-galactopyranosyl]-1-propene 6
Propene5 (201 mg, 0.475 mmol) was dissolved in 80% AcOH #mal solution was
stirred at 80°C for 2 h. The solvent was removedeunrreduced pressure and flash

chromatography of the residue (petroleum ether-Et(AL) gave the title compourtd
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as a white solid (145 mg, 0.38 mmol, 80%3;NMR (500 MHz, chloroform-d)& 7.86

— 7.81 (overlapped signals, 3H, aromatic H), 7.8,71H, aromatic H), 7.51 — 7.44
(overlapped signals, 3H, aromatic H), 5.81 (ddt, 17.1, 10.2, 6.9 Hz, 1H,Kz=CH,),
5.14 — 5.06 (overlapped signals, 2H, CHH; 4.79 (d,J = 11.7 Hz, 1H, OEHAr),
4.74 (d,J = 11.8 Hz, 1H, OCHAr), 4.24 — 4.14 (overlapped signals, 3H, H-1 and
CH,C=CH), 4.07 — 4.05 (br signal, 1H, H-4), 3.92 (d& 9.3, 5.6 Hz, 1H, H-2), 3.85 —
3.75 (overlapped signals, 3H, H-3, H-5 and H-6aj13dd,J = 9.4, 5.2 Hz, 1H, H-6b),
2.73 (d,J=4.1 Hz, 1H, 4-OH), 2.68 (d,= 3.0 Hz, 1H, 3-OH), 2.50 — 2.38 (overlapped
signals, 3H, ®,CH=CH, and CHC=CH); *C NMR (125 MHz, chloroform-d)3
135.2 (C), 134.6 (CH), 133.2 (C), 133.1 (C), 1283H), 127.9 (CH), 127.7 (CH),
126.8 (CH), 126.3 (CH), 126.1 (CH), 125.7 (CH), I1{CH), 79.3 (C), 76.7 (CH),
74.8 (CH), 73.5 (CH), 72.9 (CH), 69.6 (CH), 69.4,(2x CH and Ch), 58.7 (CH),

29.6 (CH); ESI-HRMS: Found 405.1686 required 405.1678 [MfNa

(4S,55)-4-((E)-4-azidobut-2-en-2-yl)-2,2-dimethyl-5-((R)-1-(pr op-2-ynyloxy)allyl)-
1,3-dioxolane 8 Alcohol 7 (1.0 g, 4.0 mmol) in anhydrous DMF was cooled to O
°C and NaH (0.2 g, 60% in mineral oil, 5.1 mmolaaied portion wise and the mixture
was stirred for 30 min and propargyl bromide (018 80 wt. % in toluene, 7.10 mmol)
then added. The reaction mixture was allowed attaoiom temp and stirred for 16 h.
Et,O was added and the mixture was then washed withaapNHCI. The organic
layer was separated, dried over,8i@,, filtered and the solvent was removed under
reduced pressure. Flash chromatography (hexane-&t@A) afforded alkyn& (0.92

g, 80 %) as a clear oil;;R 0.51 (hexane-EtOAc, 4:1% NMR (500 MHz, chloroform-

d )4 5.77-5.68 (overlapped signals, 2H), 5.40 — 5.341lapped signals, 2H), 4.48 (d, J
= 8.2 Hz, 1H), 4.29 (dd, J = 16.0, 2.5 Hz, 1H).940d, J = 16.2, 2.2 Hz, 1H), 4.05 (dd,

J = 8.4, 4.3 Hz, 1H), 3.89 (dd, J = 14.0, 7.7 H4),13.83 (ddd, J = 8.2, 4.2 Hz, 1H),
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3.77 (dd, J = 14.0, 6.7 Hz, 1H); 2.42 (t, 2.4 Hi),11.74 (s, 3H, Ch), 1.45 (s, 6H,
C(CH),); °C NMR (126 MHz, chloroform-d § 138.4 (alkene C), 133.7 (alkene CH),
122.9 (alkene CH), 120.7 (alkene §H109.6 C(CHzs),), 81.7 (CH), 80.7 (CH), 79.6
(alkyne C), 78.1 (CH), 74.5 (alkyne CH), 55.2 ((;H7.7 (CH), 27.1 (CCH3)2), 26.9
(C(CHg3)2), 11.8 (CH); ESI-HRMS: m/z calc for GsH2oN3Os3: 292.1661 found:

292.1665 [M+H].

(4S,5R)-4-((S,E)-4-Azido-2-methyl-1-(prop-2-ynyloxy)but-2-enyl)-2,2-dimethyl-5-
vinyl-1,3-dioxolane 10 To compound (2.12 g, 5.51 mmol) in anhydrous THF
(40 mL), TBAF (11.0 mL, 1 M in THF buffered with 28 AcOH) was charged slowly
and the mixture was stirred at room temp for 2dtipwved by the addition of pH 7
buffer (30 mL). The aqueous layer was then etddhavith EtOAc and the combined
organic layers were then dried over,8@y, filtered and solvent removed under reduced
pressure. Flash chromatography (EtOAc-hexane,a¥@)ded alcohol intermediate (1.3
g, 90 %) as a clear oil {R= 0.63, EtOAc-hexane, 3:7). This alcohol (1.254¢2
mmol) was dissolved in 2M HCI (10 mL) and the mietstirred at room temp for 1 h.
The solution was extracted with EtOAc, dried ovesn3dOy, filtered and solvent
removed under reduced pressure. Flash chromatogftapkanes-EtOAc, 7:3) afforded
the required triol (0.88 g, 82 %) as a clear ol £R0.53 (hexanes-EtOAc, 7:3)). The
triol (2.67 g, 11.6 mmol) was dissolved in &H, (30 mL). The solution was cooled to
0 °C and p-TsOH (0.4 g, 2.3 mmol) added. After stirring foO Imins, 2,2-
dimethoxypropane (2.85 mL, 23.2 mmol) was addede Teaction mixture was
subsequently stirred at room temp for 15 mins aethtylamine (1.60 mL, 11.6 mmol)
charged. The solvent was then removed under reduesdure. Flash chromatography

(hexanes-EtOAc, 7:3) afforded the needed isoprdpgk intermediate (2.85 g, 91 %)
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as a clear oil. This oil (0.93 g, 3.4 mmol) wassgived in anhydrous DMF (30 mL).
The solution was cooled to 0 °C and NaH (190 m@o 60 mineral oil, 4.8 mmol)
charged portionwise. The reaction mixture was edirfor a further 30 min and
propargyl bromide (0.7 mL, 80 wt. % in toluene, &2nol) added, reaction mixture
warmed to rt and stirred for 4 h. The solution wga®nched with satd. Nj@l (aq),
extracted with EtOAc, dried over B8O, filtered & solvent removed under reduced
pressure. Flash chromatography (hexanes-EtOAc,g&¢ the desired alkyne (0.74 g,
70 %) as a clear oil; 0.4 (hexanes-EtOAc, 4:1); ESI-HRMS: noalc for GgH290e:
341.1964, found 341.1971 [M+H+GAH]". This alkyne (0.40 g, 1.3 mmol) was
dissolved in CHCI, (5 mL) and the solution was cooled to -78 °C anBAL-H (3.9
mL, 1M in THF, 3.9 mmol) was charged slowly. Théusion was then stirred at -78 °C
for 4 h and the mixture was subsequently quenchéd tve slow addition of MeOH.
The solution was warmed to room temp and stirreith wotassium tartrate (aq) until
clear. The organic layer was separated and substygweashed with HO, dried over
NaSQ,, filtered and solvent removed under reduced pressu afford the desired
primary alcohol (0.3 g, 86 %) as a clear oil; ERMS: m/z calc for GsH210q:
265.1440, found 265.1436 [M-H] Finally, this alcohol(0.3 g, 1.1 mmol) was
dissolved in anhydrous THF (6 mL) and BRh53 g, 1.92 mmol) charged. The solution
was cooled to 0 °C, followed by the addition of MA0.38 mL, 1.92 mmol) and DPPA
(0.4 mL, 1.9 mmol). The reaction mixture was adjdsto room temp and stirred for a
further 12 h. The solvent was then removed undefuged pressure. Flash
chromatography (hexanes-EtOAc, 10:1) gave the dfid220 mg, 69 %) as a clear oil;
R = 0.75 (EtOAc-hexanes, 1:4); FTIR 3414, 2983, 11654, 1372, 1214, 1151, 1097,
1040, 994, 928, 873, 764 &m'H NMR (500 MHz, chloroform-d)8 5.77 (ddd, J =

17.4, 10.3, 7.4 Hz, 1H, alkene H), 5.69 (t, J =Hz 1H, alkene H), 5.34 (d, J = 17.1
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Hz, 1H, alkene H), 5.25 (d, J = 10.3 Hz, 1H, alkehe4.31 — 4.24 (overlapped signals,
2H), 4.07 — 3.98 (overlapped signals, 2H), 3.92 §dd 14.1, 7.2 Hz, 1H), 3.85 (dd, J =
8.1, 6.2 Hz, 1H), 3.79 (dd, J = 14.1, 6.9 Hz, 1242 (t, J = 2.4 Hz, 1H), 1.66 (s, 3H,
CHs), 1.46 (s, 3H, C(CHJ,), 1.44 (s, 3H, C(CH),); **C NMR (126 MHz, chloroform-d

) & 137.5 (alkene C), 135.4 (alkene CH), 124.2 (alkérg, 119.1 (alkene CHl 109.6
(C(CHs3),), 83.1 (CH), 81.2 (CH), 79.2 (alkyne C), 79.1 (CH3.7 (alkyne CH), 55.4
(CHy), 47.7 (CH), 27.0 C(CHa),), 26.8 C(CHs),), 12.8 (CH); ESI-HRMS: m/zcalc

for Ci5H2503N3: 292.1661, found 292.1650 [M+H]

(3S,4S,5R,E)-3-(Benzyloxy)-4,5-O-isopr opylidene-13-oxa-1,16,17-
triazabicyclo[13.2.1]octadeca-6,15(18),16-triene-4,5-diol 13  The benzylation ofl
using benzyl bromide, and subsequent reactionsessriled for the preparation af
gave (4S,5R)-4-((S)-2-azido-1-(benzyloxy)ethyl)-gjthethyl-5-vinyl-1,3-dioxolane&s

a clear oil (140 mg, 0.46 mmol, 46%C NMR (125 MHz, chloroform-d)s 137.6 (C),
135.2 (CH), 128.5 (CH), 128.2 (CH), 128.0 (CH), BLECH,), 109.4 (C), 80.7 (CH),
78.3 (CH), 76.1 (CH), 73.3 (G} 51.7 (CH), 26.9 (CH), 26.8 (CH). To this azide
(54 mg, 0.178 mmol) and @-propargyl-hept-1-enel2?® (54 mg, 0.36 mmol) in
THF:H,O (1:1, 3mL), in a microwave vial was added coppdphate pentahydrate (18
pL of a 0.2 M solution, 0.0036 mmol) and sodiumoakate (4 mg, 0.02 mmol). The
mixture was stirred in a microwave (120 W, 60 °@) 15 mins and then diluted with
EtOAc. The layers were separated and the orgawmer lvashed with brine, dried
(N&SOy), filtered and the solvent was removed under redupressure. Flash
chromatography (petroleum ether-EtOAc, 3:1 to dflthe residue gave 1,4-triazole as
a clear oil (53 mg, 0.12 mmol, 67%). A solutiontbfs intermediate (10 mg, 0.022

mmol) in dry, degassed toluene (10 mL) in an oveedd two necked round bottomed
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flask, equipped with a reflux condenser, was stimader N. The solution was heated
to 80 °C and the™ generation Hoveyda-Grubbs Il catalyst (3 mg, 0.6060l) in dry,
degassed toluene (0.3 mL) was added via cannutasadlution was stirred for 6 h after
which the solvent was removed under reduced pressuFlash chromatography
(cyclohexane-EtOAc, 3:1 to 1:1) gad8 as a clear oil (6 mg, 64%J}4 NMR (500
MHz, CDCk): & 7.45 (s, 1H, triazole H), 7.40-7.33 (overlappaghals, 5H, phenyl H),
5.07-5.04 (overlapped signals, 2H, alkene H), 490 = 12.1 Hz, 1H, O&HPh), 4.71
(overlapped signals, 2H), 4.67 (U= 12.1 Hz, 1H, OCHPh), 4.62 (d,J = 13.4 Hz, 1H,
OCHH-triazole), 4.56 (dJ = 13.4 Hz, 1H, OCH-triazole), 4.14-4.10 (m, 1H), 3.47-
3.39 (overlapped signals, 2H), 3.37 dds 6.1, 1.3 Hz, 1H), 3.33 (dd,= 8.4, 1.3 Hz,
1H), 1.95-1.83 (overlapped signals, 2H), 1.47 k&, GHg), 1.44 (s, 3H, Ch), 1.41-1.34
(overlapped signals, 2H), 1.28-1.19 (m, 1H), 1.161.87 (m, 1H), 0.91 - 0.74
(overlapped signals, 2H}*C NMR (125 MHz, chloroform-d)s 146.8 (C), 136.6 (C),
134.3 (CH), 129.0 (CH), 128.7 (CH), 128.5 (CH), ¥2{CH), 122.7 (CH), 109.8 (C),
80.7 (CH), 76.6 (CH), 73.1 (CH), 72.2 (¢H69.3 (CH), 63.4 (CH), 49.7 (CH), 31.6
(CHy), 29.3 (CH), 27.3 (CH), 27.2 (CH), 26.6 (CH), 25.3 (CH); ESI-HRMS: Found

462.2150 required 462.2160 [M+Cl]

(3aS,4R,6R,7S,7aR)-6-Allyl-4-((5-(((3aS,4R,6R, 7S, 7aR)-6-allyl-4-((ter t-
butyldimethylsilyloxy)methyl)-2,2-dimethyltetrahydro-3aH-[1,3]dioxol0[4,5-
c]pyran-7-yloxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-2,2-dimethyltetr anydr o-
3aH-[1,3]dioxolo[4,5-c]pyran-7-ol 15. To compoundg} (170 mg, 0.44 mmol) ant4
(130 mg, 0.44 mmol) in DMA (2 mL) was added Cp*R(@DD) (33 mg, 0.088 moal).
The mixture was transferred to a microwave via,clwvhivas sealed and placed in a
microwave reactor for 30 min at 60 °C and 120 WWe Tixture was then diluted with

Et,O, washed with BED, brine, dried over N&Qy, filtered and the solvent removed
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under reduced pressure. Flash chromatography (oyxéme-EtOAc 2:1) gavid (125
mg, 43 %) as a colourless dif NMR (500 MHz, chloroform-d)§ 7.60 (1H, s, triazole
H), 5.75 — 5.63 (2H, overlapped signals, 2,CH=CH,), 5.08 — 4.98 (4H, overlapped
signals, each C}¥H=CH,), 4.92 (1H, dJ = 12.6), 4.61 (2H, overlapped signals), 4.52-
4.45 (2H, overlapped signals), 4.37 (1H, d& 6.9, 1.8 Hz, galactose H-4), 4.28-4.33
(2H, overlapped signals, galactose H-3 signal?p 41H, ddJ = 7.4, 1.7, galactose H-
4), 4.04 (1H, tdJ = 7.8, 7.4, 2.8 Hz, anomeric H), 4.00 (td, J = 7.8, B.0 Hz,
anomeric H), 3.90 (1H, ddd,= 7.7, 5.8, 1.8 Hz, galactose H-5), 3.82 (1HJ ¢, 3.4
Hz), 3.76 (1H, ddJ = 9.6, 7.9 Hz, galactose H-6), 3.70 (1H, dds= 9.6, 5.8 Hz,
galactose H-6), 3.46 (1H,1~= 3.6 Hz, galactose H-2), 2.33 (1H, ddd&; 14.4, 8.2, 6.4
Hz, allylic H), 2.28 — 2.16 (3H, overlapped signai08 (1H, dJ = 4.3 Hz, OH), 1.53
(3H, s, isopropylidene CH 1.47 (3H, s, isopropylidene GH 1.35 (3H, s,
isopropylidene Ch), 1.33 (3H, s, isopropylidene G} 0.89 (9H, s, t-Bu), 0.06 (2 x s,
6H, CHs); *C NMR (126 MHz, chloroform-d ) 134.3 (triazole C=C), 134.1
(CH=CH), 134.0 (CH€H), 133.6 (triazole CH), 117.6 (alkene gH117.3 (alkene
CHy), 109.9 (isopropylidene C), 109.3 (isopropylidéde 76.73 (galactose (gal) C-2),
74.35 (gal C-3), 72.54 (gal C-4), 72.27 (gal C-#2.15 (gal C-3), 70.94 (gal C-1),
70.90 (gal C-1), 69.50 (gal C-5), 69.47 (gal C63,44 (gal C-2), 62.48 (gal C-6),
60.61 (OCH), 50.01 (gal C-6), 35.15CH,CH=CH,), 33.86 CH,CH=CH,), 27.19
(isopropylidene Ch), 26.73 (isopropylidene Gj 25.86 (CH), 24.91 (isopropylidene
CH3), 24.54 (isopropylidene G 18.3 (C), -5.35, -5.47 (each @H ESI-HRMS:
calcd. for GaHssN3OgSiNa, 688.3626; foundn/z 688.3629 [M+Nal; FT-IR 3374,

2929, 1724, 1461, 1380, 1210, 1061, 835, 777.cm
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(3aS4R,6R,7S,7aR)-6-Allyl-4-((4-(((3aS4R,6R,7S,7aR)-6-allyl-4-((ter t-
butyldimethylsilyloxy)methyl)-2,2-dimethyltetr ahydr o-3aH-[ 1,3]dioxolo[4,5-
c]pyran-7-yloxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-2,2-dimethyltetr ahydr o-
3aH-[1,3]dioxolo[4,5-c]pyran-7-ol 16. In a microwave vial in THF-ED (1:1, 5 mL),
was placedl4 (60 mg, 0.20 mmol¥ (91 mg, 0.20 mmol), CuSBGH,O (50 mg, 0.20
mmol) and sodium-ascorbate (20 mg, 0.10 mmol). The vial was seaad the
mixture was heated to 60 °C for 10 min at 120 VW imicrowave reactor. The mixture
was diluted with B, washed with kD, brine, dried over N8O, and the solvent was
removed under reduced pressure. Flash chromatog(aptiohexane-EtOAc, 1:1) gave
16 (97 mg, 73 %) as a colourless dHf NMR (500 MHz, chloroform-d)s 7.70 (1H, s,
triazole H), 5.75 (2H, overlapped signals, alkeng 5114 — 4.99 (4H, overlapped
signals, alkene H), 4.83 (1H, @iz 12.1 Hz), 4.66 (1H, d = 12.2 Hz), 4.62 (1H, ddJ,

= 13.9, 4.1 Hz, gal H-6), 4.44 (1H, dd,= 13.9, 8.5 Hz, gal H-6b), 4.38-4.31 (3H,
overlapped signals), 4.23 (1H, dd= 7.5, 1.9 Hz, gal H-5), 4.08 (1H, td= 7.2, 2.0
Hz, gal H-1), 4.00 (1H, td]l = 7.3, 2.9 Hz, gal H-1), 3.93 (1H, ddii= 7.5, 5.5, 1.5 Hz,
gal H-5), 3.85 (1H, q) = 3.2 Hz, gal H-2), 3.74 (1H, dd,= 9.6, 8.0 Hz, gal H-6), 3.68
(1H, dd,J = 9.6, 5.7 Hz, gal H-6), 3.54 (1H, d,= 3.1, gal H-2), 2.37 — 2.24 (4H,
overlapped signals), 1.92 (d,= 4.1 Hz, 1H, OH), 1.53 (3H, s, isopropylidene LH
1.47 (3H, s, isopropylidene GH 1.35 (3H, s, isopropylidene GH 1.33 (3H, s,
isopropylidene Ch), 0.88 (9H, s, 3 x C§J, 0.05 (6H, 2 s, each GH *C-NMR (126
MHz, chloroform-d):6 144.9 (triazole C) 134.5 (alker@H), 134.1 (alkene CH), 124.1
(triazole CH) 117.7 (alken€H,), 117.1 (alken&H,), 110.0 (isopropylidene C), 109.1
(isopropylidene C), 76.3 (gal C-2), 74.3 (CH), 7&8l C-5), 72.0 (CH), 70.9 (gal C-1),
70.7 (gal C-1'), 69.5 (gal H-5), 68.9 (CH), 68.4(¢-2), 64.1 (OCH), 62.5 (CH),

51.9 (CHN), 35.2 (allylic CH), 34.5 (allylic CH), 27.1 (isopropylidene C#ji 26.6
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(isopropylidene Ch), 25.9 (CH), 24.7 (isopropylidene CH 24.5 (isopropylidene
CH3), 18.3 (C) -5.3, -5.5 (each GH ESI-HRMS: calcd. for &zHssN30O9SiNa,
688.3584; foundwz 688.3605 [M+Nal]; FT-IR 3384, 2929, 2100, 1373, 1210, 1058,

910, 835, 777, 732 ¢

Macrocycles 17-cisand 17-trans To dienel5 (65 mg, 0.1 mmol) in toluene (150 mL),
was added the first generation Hoveyda-GrubbstHlgst (12 mg, 0.02 mmol) and the
mixture stirred at 90 °C for 24 h. The solvent waen removed under reduced pressure
and flash chromatography (cyclohexane-EtOAc, 7t3he residue gavé7-cis (15 mg)
andl17-trans (23 mg) both as white solids (overall yield, 60. %8nalytical data fod7-

cis: '"H NMR (500 MHz, chloroform-d $ 7.62 (1H, s, triazole H), 5.45 (1H,X= 11.2
Hz, CH=CH), 5.33 (1H, tJ = 10.3 Hz, CH=@®), 4.96 (1H, dJ = 12.2 Hz), 4.77 (1H,
dd,J = 14.4, 3.2 Hz, gal H-6), 4.71 (1H, 8z 12.1 Hz), 4.48 (1H, dd] = 7.3, 1.6 Hz,
H-4), 4.41 (2H, overlapped signals), 4.31 (1H, &id,14.5, 7.0 Hz, gal H-6), 4.26 (1H,
dd,J= 7.1, 4.0 Hz, gal H-3), 4.22 — 4.16 (1H, m, gal H4)L2 (1H, dddJ = 10.1, 6.0,
2.1 Hz, gal H-1), 4.05 (1H, df,= 10.9, 2.1 Hz, gal H-1), 4.00 (1H, dd#i= 8.0, 5.9,
1.5 Hz, gal H-5), 3.81 (g} = 3.4 Hz, 1H, gal H-2), 3.78 — 3.70 (2H, overlapsenals,
H-6a & H-6b), 3.52 (1H, tJ = 2.5 Hz, H-2), 2.59 (2H, overlapped signals), 2.28,(
overlapped signals), 1.95 (1H, d,= 14.9 Hz), 1.52 (6H, overlapped signals, 2 x
isopropylidene Ch), 1.38 (6H, overlapped signals, 2 x isopropylid€d), 0.91 (9H,

s, 3 x CH), 0.08 (6H, s, 2 x CH; *C NMR (126 MHz, chloroform-d % 134.4
(triazole C), 133.6 (triazole CH), 128.8 (alkene )CH26.1 (alkene CH), 109.9
(isopropylidene C), 109.3 (isopropylidene C), 7&él C-2), 75.0 (gal C-3), 73.2 (CH),
71.8 (CH), 71.4 (CH), 70.6 (gal C-1), 70.3 (gal 5.2 (gal C-5), 69.9 (gal C-5), 62.4

(gal C-6), 61.9 (CH), 512 (CHN), 29.4 CH,), 28.3 CH,), 27.0 (2s, each
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isopropylidene Ch), 25.9 (CH), 24.7, 24.4 (each isopropylidene §HL8.4 (C), -5.3, -
5.4 (each CH); ESI-HRMS: calcd. for €Hs5109N3SiNa, 660.3250; foundvz 660.3249
[M+Na]*; FT-IR 2931, 2298, 1462, 1379, 1248, 1210, 10684, 8777, 660 ci
Analytical data forl7-trans: *H NMR (500 MHz, chloroform-d $ 7.65 (1H, s, triazole
H), 5.36-5.19 (2H, overlapped signald{€CH), 4.92 (1H, dJ= 12.2 Hz), 4.73 (1H, d,

J = 12.2 Hz), 456 (1H, dd) = 14.4, 2.1 Hz, H-6'a), 4.45 — 4.31 (5H, overlapped
signals), 4.19 — 4.10 (2H, overlapped signals)8 31H, t,J = 6.8 Hz, gal H-5), 3.92
(1H, dt,J = 11.2, 2.7, gal H-1), 3.83 — 3.70 (3H, overlappaphais), 3.61 — 3.52 (1H,
m, gal H-2), 2.48 (1H, ddd] = 13.6, 10.4, 7.6, BHCH=CHCH,), 2.24-2.17 (2H,
overlapped signals), 1.90 (1H, dd#d= 13.5, 7.0, 2.9, ClHCHCHH), 1.54 (3H, s,
isopropylidene CH), 1.49 (3H, s, isopropylidene GH 1.38 (3H, s, isopropylidene
CH3), 1.36 (3H, s, isopropylidene GH 0.91 (9H, s, Ckix 3), 0.09 (6H, s, Ckix 2);
3%C NMR (126 MHz, chloroform-d § 136.8 (triazole C=C), 131.9 (triazole CH), 129.7
(alkene CH), 127.4 (alkene CH), 109.9 (isopropyieleC), 109.3 (isopropylidene C),
78.3 (gal C-2), 74.5, 72.6, 72.0, 71.6 (each CH)27gal C-1), 71.1 (gal C-1), 70.4 (gal
C-5), 69.8 (CH), 68.7 (gal C-2), 64.1 (9H62.5 (gal C-6), 50.4 (gal C-6), 34.8 (allyl
CHy), 33.4 (allyl CH), 26.9, 26.7 (each isopropylidene §H25.9 (3 signals, each
CH3), 24.6, 24.4 (each isopropylidene §H18.4 (C), -5.3, -5.4 (each GH ESI-
HRMS: calcd. for GHs,09N3Si, 638.3416; foundn/z 638.3405 [M+H]; FT-IR 3386,

2928, 1462, 1379, 1249, 1209, 1057, 982, 835%.cm

Macrocycle 18. The dienel6 (532 mg, 0.835 mmol) in degassed toluene (200was
preheated and the second generation Grubbs ca(@fysing, 0.12 mmol) was then
added. The mixture was stirred at 120 °C for 10 amd the solvent was then removed

under reduced pressure. Flash chromatography ofogxane-EtOAc 1:3) of the
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residue gave trans isom&8 (253 mg, 40 %) as a white solittit NMR (500 MHz,
chloroform-d):8 7.68 (1H, s, triazole H), 5.03 (1H, dt= 15.9, 6.0, Gi=CH), 4.95
(1H, d,J = 13.4 Hz), 4.82 (1H, dt) = 14.7, 7.0, CH=El), 4.75 (1H, dd,) = 14.2, 2.0,
gal H-6), 4.50 (1H, dd) = 7.6, 1.5, gal H-4), 4.47 (1H, d,= 13.4), 4.45 — 4.42 (1H,
m, gal H-6"), 4.41 — 4.39 (1H, m, H-3), 4.28 (1Hl,d = 5.9, 2.2, H-3), 4.16 (1H, ]

= 6.3, H-2), 4.04 — 3.99 (2H, overlapped signals5 ¥-H-5"), 3.99 — 3.96 (1H, m, H-
1), 3.96 — 3.92 (2H, overlapped signals, H-1' & H-8.75 — 3.68 (2H, overlapped
signals, H-6a & H-6b), 3.33 (1H, tJ = 1.8, H-2), 2.23 (1H, d,J = 3.5,
CHHCH=CHCH,), 2.20 — 2.15 (1H, m, CHCH=CHCH,), 2.02 — 1.97 (1H, m,
CH,CH=CHCHH), 1.96 — 1.91 (1H, m, CHCHCHH), 1.55 (3H, s, isopropylidene
CH3), 1.48 (3H, s, isopropylidene GH 1.39 (3H, s, isopropylidene GHK 1.37 (3H, s,
isopropylidene CH), 0.90 (9H, s, Chix 3), 0.07 (3H, s, Ch), 0.06 (3H, s, CH); *C
NMR (126 MHz, chloroform-d)é 142.7 (triazole C=C), 128.6CH=CH), 125.8
(triazole CH), 125.6 (CHEH), 110.3 (isopropylidene C), 109.0 (isopropylider®),
76.7 (C-2), 74.2 (C-1), 73.5 (H-3'), 72.1 (C-2)1.8 (C-4), 70.7 (C-1’ or C-4’), 70.0
(C-3), 69.7 (C-5 or C-5"), 68.6 (C-1"), 67.9 C-5 Gr5’), 62.4 (C-6), 60.8 (C-7), 51.4
(C-6), 32.6 CHCH=CHCH,, 28.2 (CHCH=CHCH,), 27.9, 26.9, 26.1 (each
isopropylidene Ch), 25.9 (3 signals, each GK124.2 (isopropylidene C#jl 18.3 (C), -
5.3, -5.5 (each C¥; ESI-HRMS: calcd. for gHs;00SiNa, 660.3266; foundn/z
660.3292 [M+Na]

Macrocycle 19 Macrocyclel7-trans (23 mg, 0.036 mmol) was first dissolved in THF
(2 mL) and TBAF (1 M in THF, 0.11 mL, 0.36 mmol) svadded dropwise. The
resulting solution was stirred at room temperafare8 h. Then EtOAc was added, and
the mixture was washed with 1 M HCI, water, brideed over NaSO, filtered and the

solvent was removed under reduced pressure. Flasimatography (EtOAc) gave
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desilylated intermediate (4.0 mg, 21 %) as a wisitdd; ESI-HRMS: calcd. for
CusH3700N3Na, 546.2402; foundwz 546.2427 [M+Na]; FT-IR 3383, 2921, 1617,
1458, 1375, 1210, 1057, 790 ¢nThis intermediate (4 mg, 0.008 mmol) was dissolved
in TFA-H,O (4:1, 0.25 mL) and the mixture was stirred atmo@mperature for 2 h.
Toluene was added and the volatile materials weneoved under reduced pressure.
The resulting residue was taken up in MeOH and DoMel3 ion exchange resin was
added, adjusting the pH to 8, and the mixture Vi@ ftfiltered and the solvent was
removed under reduced pressure. Flash chromatog(ghCl.:MeOH 4:1) gave the
title compound (3 mg, ~75%) as a white solid;NMR (600 MHz, DO): & 7.74 (1H, s,
triazole H), 5.41 (1H, dtJ = 15.1, 7.4 Hz, alkene H), 5.19 (1H, dt= 15.6, 7.4 Hz,
alkene H), 4.78 (d, J = 12.8 Hz, 1H), 4.73 (d,12:8 Hz, 1H), 4.59 (1H, dd,= 15.3,
3.3 Hz, gal H-6), 4.33 (1H, dd,= 15.1, 7.2 Hz, gal H-6), 4.15 — 4.06 (2H, overlapped
signals), 4.00-3.70 (8H, overlapped signals), 388, q,J = 8.5 Hz, gal H-6), 2.41
(1H, m), 2.22 — 2.02 (3H, overlapped signalZ NMR (151 MHz, BO) & 136.3
(triazole C), 133.2 (triazole CH), 129.2 (alkene CH), 129.(kkdne CH), 79.3, 74.2
(each CH), 71.6 (CH), 69.7 (CH), 69.1 (gal C-5),3%88.1, 68.0 (each CH), 68.0 (CH),
62.8 (Ch), 59.7 (gal C-6), 47.8 (gal C-6), 32.2 (§H28.8 (CH); ESI-HRMS: calcd.
for CroH2909N3Na, 466.1808; founavz 466.1801 [M+Nal]; FT-IR 3360, 1636, 1362,

1077, cn.

Macrocycle 20 Macrocyclel8 (15 mg, 0.02 mmol) was dissolved in THF (6 mL) and
TBAF (1 M in THF, 0.06 mL, 0.2 mmol) was added drige. The resulting solution
was stirred at room temperature for 3 h. Then Ga@Owex-50X8 and MeOH were
added and stirring was continued for a further IThe slurry was filtered through

Celite®, washed thoroughly with MeOH and the sotweas removed under reduced
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pressure. Flash chromatography (EtOAc only) gheedesilylated intermediate (9 mg,
81 %) as a white solid; ESI-HRMS: calcd. fopskssOgNsNa, 546.2401; founan/z
546.2403 [M+Na]. This intermediate (8.0 mg, 0.015 mmol) was dig=ib in TFA-
H,O (4:1, 0.25 mL) and the mixture was stirred atmoemp for 2 h. Toluene was
added and the volatile materials were removed uretirced pressure. The residue was
taken up in MeOH and Dowex M-43 ion exchange ress added until the pH reached
8. The mixture was then filtered and the solvemaved under reduced pressure. Flash
chromatography (C¥Cl-MeOH 4:1) gave the title compound (4 mg, ~60 % aghite
solid; '"H NMR (600 MHz, DO) & 8.02 (1H, s, triazole H), 5.31 (1H, dt= 17.0, 5.1
Hz, alkene H), 5.03 (1H, d, = 14.2 Hz), 4.86 (1H, m, alkene H), 4.66 (1H, dds
14.6, 2.1 Hz, gal H-6), 4.58 (1H, d= 14.2 Hz), 4.54 (1H, dd] = 14.6, 10.5 Hz, gal
H-6), 4.13 (1H, dJ = 3.5 Hz, gal H-4), 4.09 — 3.75 (8H, overlapped sigina.69 (1H,
dd,J = 11.6, 3.9, gal H-6b), 2.33 — 2.12 (3H, overlappiphas), 1.90 (1H, m)*C
NMR (126 MHz, BO) ¢ 144.4 (triazole C), 128.8 (alkerigH), 126.3 (triazole CH),
126.2 (alkene CH), 75.6 (gal C-1"), 72.4 (gal C-3D.2 (CH), 69.7 (gal C-4), 69.4
(CH), 68.4 (2 signals, each CH), 68.1 (gal C-1)96G2 signals, each CH), 63.3 (@H
60.2 (gal C-6), 51.7 (gal C-6), 26.7 (¢H 25.3 (CH), ESI-HRMS: calcd. for
CioH2609N3Na, 466.1794; foundnwz 466.1794 [M+Na];, FT-IR 3386, 2446, 1717,

1448, 1062, 710 cih

Macrocycle 21 Compounds (50 mg, 0.12 mmol) an& (80 mg, 0.24 mmol) and
Cp*RuCI(PPh), (6 mg, 7umol) in DMA (1.8 mL) were placed in a microwave lyia
which was flushed with argon for 12 min and sealBoe sealed vial containing the
mixture was then heated to 100 °C for 30 min iniecowave reactor. To the resulting

mixture was added water (15 mL) and the aqueousepivas extracted with EtOAc (3 X
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5 mL). The organic layers were combined, dried #red solvent was removed under
reduced pressure. Flash column chromatographga(siel, petroleum ether-EtOAcC,
7:3) gave the triazole intermediate (45 mg, 50 %padrown pale oil;'H NMR (500
MHz, chloroforméd) & 7.85 — 7.79 (overlapped signals, 3H, aromatic Hj6 (s, 1H,
aromatic H), 7.61 (s, 1H, aromatic H), 7.51 — A@&rlapped signals, 3H, aromatic H),
7.04 (overlapped signals, 2H, aromatic H), 6.8Ce(@apped signals, 2H, aromatic H),
5.77 — 5.65 (overlapped signals, 2H, alkene H)1-5.2.17 (overlapped signals, 2H,
alkene H), 5.07 — 4.95 (overlapped signals, 2HeradkH), 4.84 (d, J = 11.9 Hz, 1H),
4.69 (d, J =11.9 Hz, 1H), 4.63 — 4.45 (overlappignhals, 4H), 4.41-4.35 (overlapped
signals, 2H), 4.28 (d] = 11.2 Hz, 1H), 4.22 (ddl = 7.3, 1.8 Hz, 1H, gal H-4), 4.15 (d,
J=11.2 Hz, 1H), 4.11 (td] = 6.3, 1.6 Hz, 1H, 5-H), 4.05 — 3.98 (overlappgphals,
2H), 3.77 (s, 3H, O83), 3.66 (ddJ = 8.3, 3.4 Hz, 1H), 3.61 — 3.50 (overlapped signal
3H), 2.47 — 2.29 (overlapped signals, 2HH), 1.44 (s, 3H, E3), 1.43 (s, 3H, E3),
1.40 (s, 3H, El3), 1.31 (s, 3H, E3); **C NMR (126 MHz, chlorofornd): § 159.4 (C),
135.2 (C), 134.9 (CH), 134.8 (C), 133.7 (CH), 13@), 133.0 (C), 129.7 (CH), 129.3
(C), 128.3 (CH), 127.9 (CH), 127.7 (CH), 126.6 (CH6.2 (CH), 126.0 (CH), 125.8
(CH), 119.5 (CH), 117.2 (CH), 113.8 (CH), 109.5 (C), 80.6 (CH), 78.1 (CH), &5.
(CH), 75.4 (CH), 73.4 (Ch), 72.8 (CH), 72.7 (Ch), 71.7 (CH), 71.0 (CH), 70.4 (GH
68.4 (CH), 61.3 (ChH), 55.2 (CH), 49.2 (CH), 34.8 (CH), 27.0 (CH), 26.8 (CH),
26.7 (CH), 24.7 (CH). To this triazole intermediate (46 mg, 0.06 mmwl anhydrous
degassed toluene (1.8 mL) in a 10 mL glass vias added Grubbs Il catalyst (3 mg, 3
pmol, 5 mol%). The vial was sealed, and the mixtuas irradiated in a microwave at a
maximum power level of 150 W, for 10 min at 120 9®e mixture was then diluted
with CH,Cl, (20 mL) and washed with brine (5 mL) and saturdetHiCQ; (5 mL) and

H.O (5 mL), dried over N&O, filtered and the solvent was removed under reduce
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pressure. Flash column chromatography (silica getroleum ether-EtOAc, 6:4) gave
21 (24 mg, 55 %) as a brown pale d#f NMR (500 MHz, chlorofornd): 5 7.86-7.78
(overlapped signals, 3H, aromatic H), 7.75 (s, I&B8 (s, 1H), 7.52 — 7.42 (overlapped
signals, 3H aromatic H), 7.02 (overlapped sign2al4, aromatic H), 6.78 (overlapped
signals, 2H, aromatic H), 5.68 (ddbl= 14.7, 9.6, 3.0 Hz, 1H, alkene H), 5.52 (d¢k
14.7, 9.4 Hz, 1H, alkene H), 4.85 @= 12.0 Hz, 1H), 4.70 (overlapped signals, 2H),
4.57 (d,J = 10.9 Hz, 1H), 4.49 (dd,= 14.3, 10.1 Hz, 1H), 4.44 — 4.33 (m, 3H), 4.31 (t
J=9.6 Hz, 1H), 4.25 (d] = 10.9 Hz, 1H), 4.12 (overlapped signals, 3H),73&, J =
11.9, 2.7 Hz, 1H), 3.76 (s, 3H), 3.68 (dds 8.8, 5.5 Hz, 1H), 3.44 (§,= 3.0 Hz, 1H),
3.41 — 3.32 (overlapped signals, 2H), 2.66 — 1ddM@i{apped signals, 4H), 1.46 (s, 1H,
CHa), 1.44 (s, 1H, @), 1.39 (s, 1H, €3), 1.27 (s, 1H, €3); *C NMR (126 MHz,
chloroformd) 3 159.1 (C), 135.5 (CH), 134.9 (CH), 133.1 (C), 13gC), 130.4 (C),
129.6 (CH), 128.9 (CH), 128.3 (CH), 127.8 (CH), I2{CH), 127.0 (CH), 126.3 (CH),
126.1 (CH), 126.0 (CH), 113.6 (CH), 109.7 (C), ¥OEC), 82.6 (CH), 78.7 (CH), 77.2
(CH), 75.7 (CH), 73.8 (C}), 73.1 (CH), 72.6 (Ch}, 71.9 (CH), 71.0 (Ch), 69.3 (CH),
68.4 (CH), 60.6 (Ch), 55.2 (CH), 50.6 (CH), 34.6 (CH), 27.1 (Ck}, 26.9 (CH), 26.8
(CHs3), 24.4 (CH); ESI-HRMS: Calcd for GHsoN;Os [M + H] 728.3547; found

728.3544.

Macrocycle 22 Compounds5 (543 mg, 1.28 mmol) an@ (600 mg, 1.80 mmol),
CuSQ5H;0 (31 mg, 0.128 mmol) and sodium ascorbate (127 @og¢ mmol) in
THF:H,O (1:1, 10 mL) were placed in a microwave vial. TW¥ial containing the
mixture was sealed, and then was heated to 60 °COfenin in a microwave reactor.
Then EtOAc (20 mL) was added and the mixture wastiéd brine (2 x 10 mL). The

organic layer was dried, and the solvent was rechaweder reduced pressure. Flash
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column chromatography (silica gel, petroleum etB&#DAc, 1:1) of the residue gave the
intermediate triazole (834 mg, 86 %) as a colorleds '"H NMR (500 MHz,
chloroformd): 6 7.82 (overlapped signals, 3H aromatic H), 7.76Lk), 7.60 (s, 1H),
7.50 — 7.42 (overlapped signals, 3H, aromatic H}LO07(overlapped signals, 2H,
aromatic H), 6.83 (overlapped signals, 2H, arom&tic 5.78 — 5.66 (overlapped
signals, 2H, alkene H), 5.25 — 5.16 (overlappedasy 2H), 5.06 — 4.94 (overlapped
signals, 2H), 4.85 (d] = 11.9 Hz, 1H), 4.76 — 4.64 (m, 3H), 4.56 (dd; 13.9, 4.4 Hz,
1H), 4.47 — 4.34 (overlapped signals, 3H), 4.3Q {dd 7.3, 1.8 Hz, 1H, gal H-4), 4.18
(td, J = 6.3, 1.7 Hz, 1H, gal H-5), 4.04 (td= 7.3, 2.9 Hz, 1H, gal H-1), 3.94 (dt=
8.2, 3.7 Hz, 1H), 3.76 (s, 3H, OMe), 3.73 — 3.6¥eftapped signals, 3H), 3.56 {t=
3.3 Hz, 1H), 2.49 — 2.29 (overlapped signals, 25 (2s) 1.42, 1.32 (each 3H, each
CHa); °C NMR (126 MHz, chlorofornd) § 159.5 (C), 145.1 (C), 135.3 (C), 134.8
(CH), 134.5 (CH), 133.2 (C), 133.0 (C), 130.0 (CHIP9.1 (C), 128.2 (CH), 127.9
(CH), 127.7 (CH), 126.5 (CH), 126.1 (CH), 126.0 (CiR5.8 (CH), 124.3 (CH), 119.6
(CHy), 117.2 (CH), 113.9 (CH), 109.6 (C), 109.4 (C), 80.6 (CH),0rgCH), 75.6 (CH),
75.3 (CH), 73.5 (Ch), 72.9 (CH), 72.6 (Ch), 71.8 (CH), 71.1 (CH), 70.4 (GH 68.4
(CH), 64.9 (CH), 55.2 (CH), 51.6 (CH), 34.7 (CH), 27.0 (CH), 26.9 (CH), 26.7
(CHs), 24.8 (CH); ESI-HRMS: Calcd for ¢zHssN3Og [M + H] 756.3860; found
756.3827. This triazolé50 mg, 66pmol) was added to an oven-dried 10 mL round-
bottomed flask equipped with a magnetic stirring, lzand placed under argon. Then
Grubbs 2% generation metathesis catalyst (2.8 mg,16®Il, 10 mol %) and anhydrous
1,2-dichloroethane (3.3 mL) were added. The mixtwess stirred for 2 h at 120 °C
while maintaining the argon atmosphere. The solvead then removed under reduced
pressure and then flash column chromatographgdsgel, petroleum ether-EtOAc, 1:1)

gave22 (24 mg, 50 %) as a brown pale dif NMR (500 MHz, chlorofornd) & 7.86-
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7.78 (overlapped signals, 4H, aromatic H), 7.74LE), 7.53-7.41 (overlapped signals,
3H, aromatic H), 7.35 (overlapped signals, 2H) 96@&verlapped signals, 2H, aromatic
H), 5.62 (dd,J = 15.5, 8.4 Hz, 1H, alkene H), 5.47 (ddd= 15.0, 9.8, 4.4 Hz, 1H,
alkene H), 4.91 (dJ = 14.4 Hz, 1H), 4.89 — 4.77 (overlapped signald), 34.68
(overlapped signals, 2H), 4.54 s 14.4 Hz, 1H), 4.40 (dd,= 7.5, 3.1 Hz, 1H, gal H-
3), 4.33 (d, J = 14.4 Hz, 1H), 4.19 (dH= 7.5, 1.7 Hz, 1H), 4.08-4.15 (overlapped
signals, 3H), 3.94 (dt, J = 11.3, 2.1 Hz, 1H), Jd&&rlapped signals, 4H), 3.69 (dds
10.1, 2.1 Hz, 1H, gal H-6), 3.61 (t, J = 6.0 Hz,)1B.50 — 3.39 (overlapped signals,
2H), 2.62 (dt, J = 14.8, 10.4 Hz, 1H), 1.97 (brH, J = 15.0 Hz), 1.42 (s, 3HH3),
1.41 (s, 3H, @l3), 1.39 (s, 3H, €3), 1.31 (s, 3H, @s): *C NMR (126 MHz,
chloroformd) 6 159.5 (C), 146.6 (C), 134.9 (C), 133.9 (CH), 13@X), 130.7 (CH),
130.1 (CH), 129.3 (CH), 128.4 (C), 127.9 (CH), T2{CH), 126.9 (CH), 126.2 (CH),
126.1 (CH), 125.9 (CH), 123.2 (CH), 113.9 (CH), B)&), 109.7 (C), 79.7 (CH), 78.9
(CH), 76.2 (CH), 74.8 (CH), 73.3 (CH), 72.6 (§H71.6 (CH), 71.4 (Cb), 71.1 (CH),
70.0 (CH), 69.5 (CH), 64.7 (GH 55.3 (CH), 48.4 (CH), 35.4 (CH), 27.1 (CH), 26.9
(CHa), 26.8 (CH), 24.4 (CH); ESI-HRMS: Calcd for GiHsgN3Og [M+H]* 728.3547;
found 728.3552.
(2R,3R,4S,5R,6R)-6-Allyl-2-(((1-((S)-2-(benzyloxy)-2-((4S,5R)-2,2-dimethyl-5-
vinyl-1,3-dioxolan-4-yl)ethyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)-5-
(naphthalen-2-ylmethoxy)tetr ahydro-2H-pyran-3,4-diol 23 To alkyne 6
(35 mg, 0.092 mmol) and intermedidtg (28 mg, 0.092 mmol, generated frdimas
described above) in THF# (1:1, 1 mL) in a microwave vial, was added copper
sulphate pentahydrate (2 mg, 0.009 mmol) and sodiscorbate (9 mg, 0.05 mmol).
The vial was sealed and the mixture was stirredenihiadiating in a microwave (120

W, 60 °C) for 15 min, then diluted with EtOAc. Tleganic layer was washed with
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brine, dried (Na&SQ,), filtered and the solvent was removed under redugressure.
Flash chromatography (petroleum ether-EtOAc, 1:@:19 of the residue gave the diene
23 as a clear oil (40 mg, 0.058 mmol, 63%Y;NMR (500 MHz, chloroform-d)3 7.84-
7.80 (overlapped signals, 3H, aromatic H), 7.771¢d4, aromatic H), 7.55 (s, 1H,
triazole H), 7.50-7.43 (overlapped signals, 3H,naatc H), 7.33-7.27 (overlapped
signals, 3H, aromatic H), 7.19-7.16 (overlappechalg, 2H, aromatic H), 5.83-5.70
(overlapping signals, 2H, 2xHz=CH,), 5.25-5.19 (m, 2H, CHCH443), 5.08 (dqgJ =
17.1, 1.5 Hz, 1H, CKCH=CHH), 5.04 (ddJ = 10.2, 1.6 Hz, 1H, C}H=CHH), 4.78
(s, 2H, CHNaph), 4.70 (dJ = 12.7 Hz, 1H, OEH), 4.62 (d,J = 12.8 Hz, OCHH),
4.58 (dd,J = 14.1, 4.3 Hz, 1H, NBH), 4.44 (ddJ = 14.0, 8.6 Hz, 1H, NCH), 4.41-
4.36 (overlapping signals, 2H,HCH=CH, and GHHPh), 4.26 (dJ = 11.4 Hz, 1H,
CHHPh), 4.17 (dtJ) = 9.3, 5.6 Hz, 1H, H-1), 4.06 (dd,= 3.2, 1.2 Hz, 1H, H-4), 3.96
(dt, J = 8.0, 4.0 Hz, 1H, CH(OBN)), 3.89 (dd= 9.2, 5.5 Hz, 1H, H-2), 3.82 (dd,=
9.2, 3.4 Hz, 1H, H-3), 3.80-3.68 (overlapping signa4H, H-5, H-6 and
CHCHCH=CH,), 2.45-2.40 (m, 2H, B,CH=CH,), 1.46 (s, 3H, Ch), 1.43 (s, 3H,
CHs); ¥*C NMR (125 MHz, chloroform-d)s 144.6 (C), 137.0 (C), 135.4 (C), 134.8
(CH), 134.7 (CH), 133.2 (C), 133.0 (C), 128.5 (CH8.3 (CH), 128.2 (CH), 128.1
(CH), 127.9 (CH), 127.7 (CH), 126.7 (CH), 126.2 (C#26.0 (CH), 125.7 (CH), 124.1
(CH), 119.8 (CH), 116.9 (CH), 109.7 (C), 80.6 (CH), 78.1 (CH), 76.9 (CH), 75.9
(CH), 73.9 (CH), 73.6 (CH), 73.0 (Ch), 69.9 (CH), 69.6 (Ch), 69.4 (CH), 69.1 (CH),
64.6 (CH), 51.6 (CH), 29.7 (CH), 27.0 (CH), 26.7 (CH); ESI-HRMS: Found
686.3433 required 686.3441 [M+H]

Macrocycle 24 To diene23 (13 mg, 0.019 mmol) and benzoquinone (0.8 mg, 0.008
mmol) in dry, degassed toluene (20 mL) in an oveedd two necked round bottomed

flask, equipped with a reflux condenser, was dirteder a B atmosphere. The
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solution was heated to 80 °C and a solution of daeGrubbs Il catalyst (1 mg, 0.007
mmol) in dry, degassed toluene (0.5 mL) was addadcannula. The solution was
stirred for 16 h after which time, the solvent wasioved under reduced pressure. Flash
chromatography (EtOAc) of the residue ga@eas a pale brown oil (7 mg, 58%}
NMR (500 MHz, chloroform-d)s 7.87 (d,J = 8.4 Hz, 1H),7.84 (overlapped signals,
2H, aromatic H), 7.79 (s, 1H, aromatic H), 7.55 {${, triazole H), 7.51-7.45
(overlapped signals, 3H, aromatic H), 7.42-7.3%(tapped signals, 4H, aromatic H),
7.31 (m, 1H, aromatic H), 5.06 (dd,= 15.6, 7.9 Hz, 1H, CK¥CH=CH), 4.89-4.76
(overlapped signals, 6H), 4.67 (s 13.4 Hz, 1H), 4.59 (d] = 12.1 Hz, 1H, benzyl H),
453 (ddJ=13.7, 3.1 Hz, 1H), 4.10 (g, J = 2.0 Hz, 1H, ga4K4.01-3.94 (overlapped
signals, 2H), 3.80 (ddd, = 11.8, 6.0, 2.2 Hz, 1H, gal H-1), 3.67 (ddds 9.0, 5.0, 3.1
Hz, 1H, gal H-3), 3.52-3.46 (overlapped signals))28.42 (broad signal, 1H, gal H-5),
3.36 (ddJ = 10.3, 4.0 Hz, 1H, gal H-6), 3.01 (dii= 8.7, 1.6 Hz, 1H), 2.99 (d,= 2.1
Hz, 1H, OH), 2.63 (dJ = 5.7 Hz, 1H, gal 3-OH), 2.31-2.11 (overlappedhalg, 2H),
1.45 (s, 3H, Ch), 1.38 (s, 3H, Ch); **C NMR (125 MHz, chloroform-d)s 145.7 (C),
136.8 (C), 135.3 (C), 133.2 (C), 133.1 (C), 13Z6{), 129.8 (CH), 128.9 (CH), 128.8
(CH), 128.5 (CH), 127.9 (CH), 127.7 (CH), 126.9 (CE26.4 (CH), 126.2 (CH), 125.7
(CH), 122.9 (CH), 109.8 (C), 78.4 (CH), 77.2 (CH$,4 (CH), 73.3 (2s, CHand CH),
72.8 (CH), 72.5 (Ch), 71.2 (CH), 70.3 (CH), 68.9 (CH), 68.4 (©H64.5 (CH), 48.6
(CHy), 27.1 (CH), 26.7 (CH), 26.6 (CH); ESI-HRMS: Found 692.2750 required

692.2739 [M+CI].

(3aS4R,7R,7aR)-2,2,4,6-tetramethyl-7-(pr op-2-ynyloxy)-4-vinyl-3a,4,7,7a-
tetrahydro-[1,3]dioxolo[4,5-c]pyridine 25 & (6R,6aS,9aS,Z2)-8,8,10-trimethyl-6-
vinyl-6,6a,9a,12-tetrahydro-4H-[1,3]dioxolo[4,5-h][1,2,3]triazol o[ 5,1-

c][1,4]oxazecine26 Compound8 (100 mg, 0.343 mmol) in toluene (20 mL) was
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heated at 100 °C for 12 h. The solvent was theroveth under reduced pressure and
flash column chromatography (hexane-EtOAc, 1:1)ed®/(18 mg, 20 %, clear oil) as
well as26 (31 mg, 31 %) as a crystalline solid as well aseaoted8 (6 mg, 6%).
Analytical data for25: R; = 0.67 (EtOAc-hexanes, 1:1JH NMR (500 MHz, |,
chloroform-d )é 5.95 (dd, J = 17.5, 10.8 Hz, 1H, alkene H), 5dd, J = 10.8, 1.5 Hz,
1H, alkene H), 4.95 (dd, J = 17.5, 1.5 Hz, 1H, atkel), 4.43 (dd, J = 15.7, 2.4 Hz, 1H,
propargyl H), 4.34 (dd, J = 15.7, 2.3 Hz, 1H, prgyaH), 4.13 (d, J = 8.8 Hz, 1HIG
O-propargyl), 3.66 (dd, J = 10.1, 8.8 Hz, 1H{-CH-O-propargyl), 2.48 (t, J = 2.4 Hz,
1H, alkyne H), 2.17 (s, 3H,K3C=N), 1.46 (s, 3H, Ck}, 1.43 (s, 3H, isopropylidene
CHs), 1.36 (s, 3H, isopropylidene GH **C-NMR (126 MHz, chloroform-d } 165.8
(C, imine), 138.9 (alkene CH), 115.6 (alkene X HL.10.4 C(CHj3),), 81.2 (CH-O-
propargyl), 80.7 (CH), 79.4 (alkyne CH), 76.2 (alkyC), 74.9 (alkyne CH), 64.0 (C-
N), 58.0 (propargyl Ch), 27.8 (CH), 27.0 (isopropylidene C§jl 26.7 (isopropylidene
CH3), 23.1 (CH); ESI-HRMS: m/zcalc for GsH2oNOs: 264.1600 found: 264.1611
[M+H]*. Analytical data for26: R; = 0.74 (EtOAc-hexanes, 1:14 NMR (500 MHz,
chloroform-d )6 7.49 (s, 1H, triazole H), 5.94 — 5.84 (overlappaghals, 2H), 5.39
(ddd, J =10.3, 1.5, 0.7 Hz, 1H), 5.35 — 5.29 (lamped signals, 2H), 5.39 (ddi= 9.8,
1.3 Hz, 1H), 5.15 (ddd, J = 17.3, 1.5, 0.9 Hz, 14491 (ddd, J = 14.2, 5.7 Hz, 1H), 4.86
(J = 14.4 Hz, 1H), 4.76 (d] = 14.2 Hz), 3.62 (dd] = 8.8, 3.3 Hz, 1H), 3.46 (dd,=
8.3, 3.3 Hz, 1H), 1.78 (] = 1.3 Hz, 3H, CH), 1.50 (s, 3H, C(CH>), 1.42 (s, 3H,
C(CHs),); *C NMR (126 MHz, chloroform-d)5 138.2, 133.9, 132.4, 131.6, 123.0,
120.6, 109.4 Q(CHs),), 79.5, 74.1, 73.5, 58.1, 45.5, 27@(CHa)), 26.7 C(CHa)y),
18.3 (CH); ESI-HRMS: m/zcalc for GsH,oN2Os3: 292.1661 found: 292.1669 [M+H]
A pure crystal o6 was obtained and the X-ray crystal structure wasrdened and is

shown in Scheme 6.

36



(6R,7R,8S,Z2)-9-M ethyl-6-vinyl-6,7,8,11-tetrahydr o-4H-[1,2,3]triazol o[ 5,1-
c][1,4]oxazecine-7,8-diol 27 Compound26 (30 mg, 0.10 mmol) was stirred in 3M HCI
(5 mL) for 2 h. The volatiles were removed undedueed pressure and flash
chromatography (ED-acetone, 1:1) afforde?i7 (21 mg, 85%) as a white solid; R
0.43 (E;O-Acetone, 1:1)'H NMR (500 MHz, chloroform-d $ 7.45 (s, 1H, triazole
H), 5.90 (ddd,) = 17.3, 10.3, 8.1 Hz, 1H, alkene H), 5.74 (ddt,11..4, 5.0, 1.5, 1.0 Hz,
1H, alkene H), 5.44 (dd] = 10.3, 1.4 Hz, 1H, alkene H); 5.32 (dd= 13.6, 11.7 Hz,
1H, CH(H)-N), 5.18 (dd, J = 17.4, 1.5 Hz, 1H, alkene B)1 (d,J = 9.1 Hz, 1H,
C=CCH-OH), 4.97 (dd,J = 14.2, 5.0 Hz, 1H, CHH)-N), 4.75 (d,J = 14.8 Hz, 1H,
CH(H)O), 3.51 (overlapped signals, 2H), 2.66 (s, 1H, OH)94s, 1H, OH), 1.75 (1] =
1.3 Hz, 3H, CH); **C NMR (126 MHz, chloroform-d $ 139.6 (C), 133.2 (triazole
CH), 132.5 (alkene CH), 131.7 (C), 123.4 (alkeng),C21.5 (alkene C§J, 76.3, 75.1,
71.0 (each CH-O), 58.1 (GB), 46.3 (CHN), 18.3 (CH); ESI-HRMS: m/zcalc for

C1oH18N30O3: 252.1348 found: 252.1359 [M+H]

(6S,75)-6-((4S,5R)-2,2-Dimethyl-5-vinyl-1,3-dioxolan-4-yl)-7-methyl-7-vinyl-6,7-
dihydro-4H-[1,2,3]triazolo[5,1-c][1,4]oxazine 28 and (6S,7R)-6-((4S,5R)-2,2-
dimethyl-5-vinyl-1,3-dioxolan-4-yl)-7-methyl-7-vinyl-6,7-dihydr 0-4H-
[1,2,3]triazolo[5,1-c][1,4]oxazine 29

Compound10 (140 mg, 0.41 mmol) in DMF (5 mL) was heated ab 2C for 12 h.
Water was added, and the product was extractedgt@@\c. The organic portion was
dried over NgSO,, filtered and solvent removed under reduced pressklash
chromatography (EtOAc-hexanes, 1:1) of the resghie29 (93 mg, 66 %) as a white

solid and28 (28 mg, 20 %) as a clear oil. Analytical data 28r R; = 0.35 (EtOAc-
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hexanes, 1:1)H NMR (600 MHz, chloroform-d § 7.50 (s, 1H, triazole H), 6.28 (dd,
=17.1, 10.6 Hz, 1H, alkene H), 5.85 (ddds 17.6, 10.2, 7.5 Hz, 1H, alkene H), 5.41
(d,J =16.9 Hz, 1H, alkene H), 5.33 (d~= 10.2 Hz, 1H, alkene H), 5.24 (@~= 15.0
Hz, 1H, CH(H)O), 5.20 (dJ = 10.7 Hz, 1H, alkene H), 4.87 (d,= 15.1 Hz, 1H,
CH(H)O), 4.61 (dJ = 17.0 Hz, 1H, alkene H), 4.53 {t= 8.1 Hz, 1H, C=C-80), 3.96
(d, J = 8.4 Hz, 1H, CHO-80-CHO), 3.48 (dJ = 3.4 Hz, 1H, OEIC-N), 1.88 (s, 3H,
CHs), 1.44 (overlapped signals, 6H, G{€),); *C NMR (151 MHz, chloroform-d)s
137.3 (alkene CH), 134.7 (alkene CH), 130.2 (tl@zd), 127.8 (triazole CH), 120.3
(alkene CH), 116.0 (alkene C§), 110.3 C(CHs)2), 79.1 (C=CE€HO), 78.5 (@HC-N),
77.4 (CHOCHO-CHO), 65.0 (C-N), 62.7 (CiD), 27.0 (isopropyliden&Hs), 26.5
(isopropylideneCHg), 21.9 (CH); ESI-HRMS: m/z calc for GsH2:N3Os: 292.1661,
found 292.1665 [M+H]. Analytical data for29: R; = 0.3 (EtOAc-hexanes, 1:13H
NMR (500 MHz, chloroform-d $ 7.47 (s, 1H, triazole H), 5.93 (dd#l= 17.2, 10.8, 2.0
Hz, 1H, alkene H), 5.80 (dddd,= 17.7, 9.9, 7.8, 2.0 Hz, 1H, alkene H), 5.61 495.
(overlapped signals, 2H, alkene H), 5.39Jd; 17.1 Hz, 1H, alkene H), 5.31 (d,=
10.3 Hz, 1H, alkene H), 5.23 (dd,= 14.8, 2.0 Hz, 1H, O&(H)C-N), 4.84 (ddJ =
14.7, 1.9 Hz, 1H, OCHH)C-N), 4.49 (td, J = 8.2, 2.0 Hz, 1H, C=G40), 3.85 (dd,) =
8.5, 1.9 Hz, 1H, CHO-BO-CHO), 3.48 (dJ = 1.8 Hz, 1H, EIOCH,), 1.79 (d,J = 2.1
Hz, 3H, CH), 1.44 (s, 3H, ispropylidene GH 1.42 (s, 3H, ispropylidene GH *C
NMR (101 MHz, chloroform-d):5 137.0 (alkene CH), 134.8 (alkene CH), 129.7
(triazole C), 127.8 (triazole CH), 120.4 (alkene AH120.1 (alkene C}), 110.2
(C(CHs),), 79.4 (CHO), 77.2 (CHO), 76.8 (CHO), 65.1 (C-K2.9 (OCH,C=C), 27.2
(C(CHg)2), 26.5 (C(CH3),), 20.8 (CH); ESI-HRMS: m/z calc for GsH2:N3Os:

292.1661, found 292.1649 [M+H]
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(5aS,6S,7R,9aR)-9a-M ethyl-5a,6,7,9a-tetr ahydr o-4H-benzo[ b][ 1,2,3]triazol o[ 1,5-
d][1,4]oxazine-6,7-diol 30 Compound29 (50 mg, 0.17 mmol) in anhydrous degassed
toluene (150 mL) was heated to 80 °C, and therd2j@oro-1,4-benzoquinone (12 mg,
0.069 mmol) and Hoyveda-Grubbs Il catalyst (11 6§17 mmol) were added and the
mixture stirred at 80 °C for 5 h. The solvent wasoved under reduced pressure and
2M HCI was added to the residue and the mixtureftef 12 h. The volatiles were
removed under reduced pressure and then flash oolehmomatography (CiTl,-
MeOH, 9:1) gave30 (6 mg, 15 %) as a white solitd NMR (500 MHz, CROD): &
7.54 (d,J = 0.9 Hz, 1H, triazole H), 6.66 (dd= 10.2, 2.1 Hz, 1H, alkene H), 5.79 (dd,
J=10.2, 2.9 Hz, 1H, alkene H), 5.23 (dds 15.4, 0.7 Hz, 1H, OB(H)), 4.98 (ddJ =
15.3, 1.0 Hz, 1H, OB(H)), 4.18 (ddd, = 6.9, 2.9, 2.1 Hz, 1H, C=CH), 3.92 (ddJ =
10.9, 6.8 Hz, 1H, CHO-BO-CHO), 3.70 (d,J = 10.9 Hz, 1H, EIO-C-N); 1.55 (s, 3H,
CHs); *C NMR (126 MHz, CROD)  132.4 (triazole C), 132.0 (alkene CH), 129.6
(triazole CH), 128.6 (alkene CH), 81.@HOCN), 75.2 (C=C2HO), 73.5 (CHOEHO-
CHO), 64.1 (OCH), 63.2 C-N), 26.0 (CH); ESI-HRMS: m/z calc for GoH14N30s:

224.1035, found 224.1028 [M+H]

SUPPORTING INFORMATION
NMR Spectra (word document)

X-ray crystal structure (ORTEP, CIF) files for cooymd26.
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