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The avenaciolide family of natural products are Ismanethylene big-lactonesthat exhibit
wide variety of biological activities. Herein weport concise syntheses of five members o
family of natural products along with the synthesfisone non-naturanalogue. The synthe:
proceed in five or six steps from simptmmmercially available compounds and feature ¢
oxidative cyclization/lactonization reaction thikely occursvia a radical mechanism.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The a-methyleney-lactone moiety is prevalent in a wide
variety of structurally diverse biologically activatural products
that have attracted the attention of synthetic ¢bsnsince the
middle of the 28 century** A small sub-set of these natural
products that have garnered considerable synth#gation are
the avenaciolides, ethisolides and discosiolidgufé 1) These
small natural products all consist of aAmethyleney-lactone
cis-fused to a secongdlactone and differ in the configuration and
nature of the C-4 alkyl substituent.
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Figure 1. a-Methyleney-lactone natural products of the avenaciolide
family.

The first member of this family of natural produdts be
reported was avenaciolideisolated from a strain okspergillus
avenaceus.””’
chemical degradation and NMR methddsd later by single
crystal X-ray analysi8. A few years laterso-avenaciolide2 was
isolated from a large-scale growth Adpergillus avenaceus’ and
determined to be the C-4 diastereomer of avendeiolit the
same time ethisolide3 was isolated from an unidentified
Penicillium species and its structure determined
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spectroscopic/spectrometric methods and by congraristh the
data of avenaciolidd andiso-avenaciolide2.”'° In 1994 epi-
ethisolide 4 and discosiolide5 were isolated from fungal
extracts’’ Given that avenaciolidé andiso-avenaciolide2, and
ethisolide 3 and epi-ethisolide 4 are C-4 epimers, it is not
unreasonable to propose th&o“discosiolide”6 may be a yet-
to-be-isolated natural product. The natural présiliS display a
wide variety of biological activities including afihgal® **
antibacteriaf’ and herbicidal activity> Furthermore inhibition
of glutamate transport in rat mitochondtias well as inhibition
of a human dual-specificity phosphatase have begorted
Given their compact structures and wide-ranging lgickl
activities these small natural products have béensubject of
numerous total synthes&s.Recently we reported the oxidative
radical cyclization of unsaturated ester malonategh gave the
corresponding bis-lactones in good yield and witbdytevels of
diastereocontrol 7-8, Scheme 1)° We reasoned that if we
could extend the substrate scope of this reactmnalkyl
substituted alkenes such 8sthen the product bis-lactont)
would be readily converted into the correspondingunaé
products (in this cas8 andor 4) in only a few steps. In the
event, the key cyclization/lactonization requirbd tevelopment
of new methodology{de infra).

Its structure was determined by a combination of

by



previous work6
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Scheme 1. Oxidative radical cyclization to form bis-lactones.

2. Results and Discussion

In order to explore the proposed key cyclization efficient
synthesis of the cyclization substrate(s) was regquirThe ester
malonates required for the synthesis of the napn@ducts were
all prepared from the dibutyl diazomalonate and the
corresponding B,y-unsaturated acids under rhodium(ll)
catalysis'® trans-3-Hexenoic acid is commercially available and
the other B,y-unsaturated acidsl2 and 13 were readily
synthesized through a Knoevenagel condensation
decarboxylation sequence between malonic dddand the
corresponding aliphatic aldehyd€sThe full synthetic sequence
is shown in Scheme 2.

o o 0 o i O  CO,tBu
HOMOH - R\/\)J\OH - R\/\)J\o)\cozr-au
1 12; R = n-CgH47 14; R =C,Hg
13 R = 1-CroHay 15 R = 1-CgH17
16; R = n-CygHy,

Scheme 2. Cyclization substrate synthesis. (ddecanal on-dodecanal,
N-methylmorpholine, 80 °C, 7 A2 91%,13 92%; (ii) dit-butyl
diazomalonate with2, 13, ortrans-3-hexenoic acid, RHOAc), benzene, 60
°C, 14 78%,15 81%,16 88%.

Having secured efficient syntheses of the cyclizasobstrates
we moved to investigate the oxidative radical ctlan.
Despite the use of manganese(lll) acetate in cotipmavith a
variety of copper(ll) salts for the synthesis pfactones, in
generaly-lactones are only formed in good yields from terahi
alkene or styrene substrates such7 and there have been few
reports of the use of alkyl-substituted alkenesngivgood yields
of y-lactones® **?? |n the event, exposure of the malonieo
manganese(lll) acetate and copper(ll) triflate,cading to our
previous work, gave the corresponding bis-lactddein 24%
yield as a 1.2:1 mixture of C-4 diastereorfitedong with the
corresponding alkend8 in 40% vyield as a 3.8:1 mixture of
(E):(2)-diastereomers (Scheme 3).

Mo~ Ao COtBu o{j:éo o
14 17H ~Me 18 | Me
CO,t-Bu
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Scheme 3. Oxidative radical cyclization. (i) Mn(OAgCu(OTf),
MeCN, 40 °C17 24% (1.2:1 mixture of C-4 diastereomefs,40% (3.8:1
mixture of €):(2) diastereomers).
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Unfortunately, all attempts to significantly improttee yield of
the lactone by modification of the malonate estdu, Et, Me)
substrate (e.gl4, 15 or 16), or the copper(ll) source met with
failure and the corresponding alkenes were alwaysddras the
major product with the desired bis-lactones formgdh& minor
products. The likely reason for this is that theopwsed
secondary copper(lll) intermediat® more readily undergods
hydride elimination than lactonization in keepinghwprevious
reports from Snide?

Using our previously developed methodology, we hdg baen
able to gain access to the required bis-lactdieis low yields.
Aware that additives can greatly influence the outeoof
manganese(lll) acetate-mediated reactions, we dledte
investigate the use of halide salts in these reasff Much to
our delight addition of lithium chloride to our stdard reaction
conditions gave the chlorolacto2® in 80% vield® as a 3.3:1
mixture of (unassigned) diastereomers without akgred being
formed (Scheme 4).

CO,t-Bu
O  COut-Bu 2
PPN S SRy p
Me 0" >CoBu T cl
/ 14 20 Me

Scheme 4. Formation of the chlorolacton@6. (i) Mn(OAc);, Cu(OTf),
MeCN, LiCl, 40 °C, 80% (3.3:1 mixture of unassigriédstereomers).

Unfortunately, we were unable to convert this chlataae into
the desired bis-lactonkr in reasonable yield under a number of
conditions. The poor results from the attemptertolaization
reaction most likely arises from the relativelyosty C—Cl bond
(397 kdmol) that renders the chloride an ineffective leaving
group. We therefore moved to the use of iodidaragdditive
with a view to the formation of the correspondingided from
which the bis-lactones should be more readily forif@el bond
strength, 209 kJm6}. However, we were aware that the low
reduction potential of iodine (&' = +0.535 V) and the
oxidizing ability of manganese(lll) acetate 42" = +1.51 V)
might render this combination of reagents ineffectfor the
desired transformation.

In the event, addition of potassium iodide to owandard
reaction conditions of manganese(lll) acetate angper(ll)
triflate in acetonitrile at 40 °C using substrate gave a mixture
of three compounds by crude NMR analysis — the bis-lactone
17, the iodo-lactone 26 and the iodomalonate22 in
approximately a 1:1.6:1 ratio (Table 1, entry hg todo-lactone
26 and the bis-lactonel? were fully characterized after
purification by flash chromatography; the identigf the
iodomalonate22 was inferred from analysis of the crude
NMR. The same reaction was performed at 60 °C on the
terminal alkene 21, prepared in an analogous manner to
compounds ¥4-16), which yielded only the corresponding iodo-
lactone29 and bis-lactone32 in 41% and 12% isolated yields
respectively (Table 1, entry 2). Increasing thmagerature of the
reaction to 80 °C using substrafigl resulted in exclusive
formation of the bis-lacton&7 in 74% yield (Table 1, entry 3),
while using substrate$5 and 16 gave only the corresponding
bis-lactones30 and31 in 57% and 53% yields respectively with
the iodomalonate23 and 24 and iodolactone®7 and 28 not
being observed (Table 1, entries 4 and 5). Usibgtsatel4 and
reducing the reaction time had a deleterious effadhe yield of
the bis-lactone produdf7 with the iodolactoneg6 being formed

in 21% vyield (Table 1, entry 6); conducting theat&mn in an
open-flask exposed to air was also deleteriouseoyittld of the
bis-lactoned?7 (Table 1, entry 7). Control experiments indicated
the copper(ll) salt was not required. Using manga(i#)



acetate and sub-stoichiometric quantities of Kl galeaner
reactions than with the addition of copper(ll) saltgh the bis-

3
lactone17 being formed in 78% NMR vyield as a 3:1 mixture

with the starting materidlTable 1, entry 8). Increasing

Table 1. Cyclizations using manganese(lll) acetate andgsaien iodide.
O  CO,tBu 0 COutBu o JoetBu BB {
R\7\)ko)\cozr-|3u e R\/\)ko/i\cozt-Bu * O:Qj;cflzr-Bu ' O:jSo
I I IS
iodomalonates iodolactones bis-lactones
14;R = CHs 22;R=C,Hs 26; R = C,Hs 17;R=CoHs
o R e, R e, B RIncaL 3% AZmoaL
21;R=H 25,R=H 29;R =H 32;R=H
Entrn/ ™ R Additive 1 Additive 2 T/°C iodomalonat&  iodolactone /%  bis-lactone /%
1 CHs 1 equiv. Cu(OTH 1.5 equiv. Kl 40 28 41 25
2 H 1 equiv. Cu(OTf) 1.5 equiv. Kl 60 trace 41 12
3 CHs 1 equiv. Cu(OTH 1.5 equiv. Kl 80 - - 74
4 n-CgHy7 1 equiv. Cu(OTH) 1.5 equiv. Kl 80 - - 57
5 n-CiHz: 1 equiv. Cu(OTf) 1.5 equiv. Kl 80 - - 53
6° C;Hs 1 equiv. Cu(OTf) 1.5 equiv. Kl 80 - 21 53
7' CHs 1 equiv. Cu(OTf) 1.5 equiv. Kl 80 - - 46
8 CHs - 0.5 equiv. Kl 80 - = 78
9 C:Hs - 0.5 equiv. K| 80 - - 77
10 CoHs - 0.2 equiv. Kl 80 - - 63
11 n-CeH1y - 0.5 equiv. K| 80 - - 72
12 n-CioHz - 0.5 equiv. K1 80 - - 74
Mn(OAc); (2 equiv), degassed MeCN (0.15 M) under 20 h.
PDistribution of products determined Byt NMR.
‘Isolated as a mixture of unassigned diastereomers.
dIsolated as a mixture of C-4 diastereomers, magstereomer shown.
°Reaction time of 2.5 h.
Open-flask reaction.
9Reaction time of 3.5 h.
"Yield from*H NMR, 17:14, 3:1.
'3 equiv. Mn(OAG).
lIsolated as a 2.8:1 inseparable mixture of diasteees.
“Isolated as a 2.3:1 inseparable mixture of diasteegs.
'lsolated as a 1.7:1 inseparable mixture of diasteees.
the equivalents of manganese(lll) acetate from teotiree syntheses of the natural products an  efficient

increased the isolated yield of the desired bitlae to 77%
(Table 1, entry 9); reduction in the iodide stoarhetry led to
reduction in the isolated yield of the bis-lactdae63% (Table 1,
entry 10). The optimized conditions (Table 1, g®&y were fully
transferable to substratds and 16 with the corresponding bis-
lactones30 and 31 being isolated in 72% and 74% yields
respectively (Table 1, entries 11 and 12). Underdhtimized
conditions, the bis-lactondl¥, 30 and31 were isolated as 1.7:1
to 2.8:1 mixtures of C-4 diastereomers. In genesath low
diastereoselectivities would not be syntheticallgfuk however,
in this case, we are targeting natural products wtittar only in
their C-4 configuration and hence such low diastwatrol is, in
fact, an advantage.

Having developed a method that allowed the syntleddise key
bicyclic bis-lactones17, 30 and 31 in 2 or 3 steps from
commercial materials, we then proceeded to conhemntinto
the corresponding natural products. In order tmmete the

decarboxylation/methylenation sequence needed tebeloped
on the bis-lactone&7, 30 and31. After some optimization, it
was found that Krapcho decarboxylation of the bigelaes could
be readily achieved on heatinty, 30 and 31 with lithium
chloride in DMSO and water at 160 °C for 1 h6UFhe resulting
dealkoxycarbonylated lacton88, 34 and35 were isolated in 77-
96% yields (Scheme 5).

+BuO,C @ H Q@
(o 0

o o} o o]
H R H R

(i)

17, R = C,Hs 33;R=C,Hs
30; R = n-CgHy7 34; R = nCgHy;
31; R = n-CyoHyy 35; R = n-CygHa;

Scheme 5. Krapcho decarboxylation. (i) LiCl, DMSO, wat&g0 °C, 1
h; 33, 80%,;34, 77%,35, 96%.
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All that remained for the completion of the syntheseas the WA X_COLBU 1 N e
installation of theexo-methylene group. We elected to use Sy -

i . - . Y  COut-Bu Y  COt-Bu
Johnson’s protocol for this transformation which diwed 40 M
carboxylation of the bis-lactone33, 34 and 35 followed by l
decarboxylative methylenation (Scheme'®). This procedure , Gostau A
gave the corresponding-methylene y-lactones as separable Y COnt-Bu  _S-exotrig R/\/\H/X . CO,t-Bu
mixtures of C-4 diastereomers. Specifically, ahike 3 andepi- : Y COstBu
ethisolide4 were isolated in 18% and 34% yields respectively, 43 R 42
avenaciolidel andiso-avenaciolide2 in 34% and 26% yields l|
respectively, and discosiolide 5 anigo-discosiolide’6 and in
28% and 10% yields respectively. 5 §OatBu +Bu9:C 7
CO,t-Bu T
H H O Y | Y:Q/l\:/éO

0 =
0 0 H
o o} o o} R R
: ~/ 44 45
HCoHs H G,

Scheme 8. Plausible mechanism of the oxidative lactonizateaction. X

ethisolide; 3 epi-ethisolide; 4 =Y=0orX=CH, Y =H.
QO HO H O
O~ (). (i 0~ 0~ :
Olﬁﬁo — Oﬁﬁo Oﬁo 3. Conclusions
HoR H -CaHyy H n-CgHy7 ;
In conclusion, we have developed short synthesekeohatural
:iigzﬁf&a” avenaciolide; 1. iso-avenaciolide; 2 products avenaciolidg andiso-avenaciolide2, ethisolide3 and
35, R = n-CyoHzy H O H O epi-ethisolide 4, and discosiolide5, and of the non-natural
o O~ o o O~ o product that we have nameibo-discosiolide 6, using an
! ; oxidative cyclization/lactonization as a key stepFurther
1-CyoHan -CroHay application of the manganese(lll) acetate, potassiodide
discosiolide: 5 “iso-discosiolide”: 6 cyclization/lactonization to natural product syrdise will be
Scheme 6. Synthesis of the natural products. (i){CMgOCQCH; reported in due course.

(Stile’s reagent), DMF, 120 °C; (ii)#80, HO, EtNH, NaOAc, AcOH, RT
then 100 °C3 18%,4 34%; 1 34%,2 26%;5 28%,6 10%.

4, Experimental section
The syntheses of these natural products procedivanor six . s
steps from commercially available materials using a H and “C spectra were recorded on a Bruker AVF-400
manganese(lll) acetate / potassium iodide mediate#00/100 MHz), Bruker AVH-400 (400/100 MHz) or Bruker
cyclization/lactonization as a key step. This agide cyclization ~AVG-400 (400 / 100 MHz) spectrometer. ProtdH)(and carbon
was also applicable to the all carbon series. Thuppsure of (“C) chemical shifts are quoted in ppm and are ilyn
the terminal- or phenyl-substituted alkene36 (or 37) to referenced to the residual protonated solvent &igna
manganese(lll) acetate and potassium iodide gave thAssignments were made on the basis of chemical sbdtgpling
corresponding [3.3.0]-bicyclig-lactones38 and39 in 46% and  constants, COSY, HSQC data, relative intensities and

88% yields respectively (Scheme 7). comparison with spectra of related compounds. Resms are
o £ described as s (singlet), d (doublet), t (triplet)quartet), quint
« OB () FBUOLC tBUOL (quintuplet), m (multiplet), dd (double doublet) darso on.
R Youme Oﬁo or Ojfo Coupling constants)f are measured in Hz and are rounded to the
i A H on nearest 0.1 Hz.
36;R=H 38 39 . .
37.R=Ph High resolution mass spectra were recorded by thesMas
Scheme 7. Synthesis of carbocyclic products. (i) Mn(OAdl, MeCN, Spectrometry Service at the University of Oxford Clstm
80 °C, 21 h38 46%;39 88% (9:1 mixture of C-1 diastereomers, major Research Laboratory using a Bruker Daltronics mi@BT
diastereomer shown). spectrometer (ES). Mass valueg/Z) are reported in Daltons.

High resolution values are calculated to at leasir fdecimal
places from the molecular formula, with all foundues reported
within a tolerance of 5 ppm. Low resolution massctjpewere
recorded on a Fisons Platform spectrometer (ES).

Taking into consideration Curran’s work on atom sfan radical
cyclization reactiond’?® along with the results from the above
cyclization reactions which include the isolation dlhe
iodolactones26 and 29, we propose that the mechanism of the Infrared spectra were recorded using a Bruker Ter@Sor
reaction proceeds according to that depicted ire®eh8. Thus, Fourier Transform spectrophotometer using thin dilmn a
the malonate substratd® are converted into the corresponding diamond ATR. Absorption maximal,,) are classified as strong
iodomalonategtl on exposure to Mn(lll) and potassium iodide. (s), medium (m), weak (w) and broad (br) and are epion
The iodomalonatedl then undergo thermal or metal-mediated wavenumbers (cif). Melting points were determined using a
atom transfer radical cyclizatiovia the malonyl radicalgl2 to Leica Galen 1l Compound Microscope apparatus ane ar
give the adduct radicald3. The adduct radicals are then uncorrected.

converted into the corresponding iodidesby reaction with an
iodine atom source which is likely to be either ncalar iodine,
formed from the oxidation of iodide by Mn(lll), dry iodine
atom transfer from the substratks Thermal lactonization then
delivers the product5 and regenerates iodide.

Analytical TLC was performed on Merck DC-Alufolien 60
F254 0.2 mm precoated plates and visualized usingteaviolet
lamp, acidic vanillin or basic potassium permangandips.
Retention factors ()Rare reported with the solvent system used
in parentheses. Flash column chromatography (F@s w



performed on Merck 60 silica (particle size 40681, pore
diameter 60 A) and the solvent system used is iartheses.

All non-aqueous reactions were carried out in oveeddr
glassware sealed with a rubber septum under a pogitessure
of dry nitrogen or argon from a manifold or ballooReactions
were stirred using Teflon-coated magnetic stirressb&levated
temperature reactions were maintained using a Theatch-
controlled DrySyn™ heating block or oil bath. Reagewere
purchased from commercial suppliers and used witffuntler
purification unless otherwise stated. Dry solven&eapurified
using standard techniques. Water used experinhentedhs
deionized. Organic solutions were concentrated uairjichi
rotary evaporator with a water bath temperature of@0Brine
refers to a saturated solution of sodium chloride water.
‘Petrol’ refers to the fraction of light petroleusther with a
boiling point in the range of 40—60 °C unless otfise stated.

5
EtOAc. The organic layers were washed with brine, dried
(MgSQ,), filtered and concentrated vacuo. The residue was
further purified by FC (Pk-s0/ EtOAC).

4.5, General procedure 5: Krapcho decarboxylation

To a solution of bis-lactone (1 eq) in a mixture PMSO
(0.24 M) and HO (11.8 M) was added LiCl (3.5 eq). The
reaction mixture was stirred at 160 °C for 1 h. Tdwoled
mixture system was diluted with,8 and extracted with ED
(unless otherwise noted). The combined organic fayeere
washed with brine, dried (MgS} filtered and concentrated
vacuo. The crude was used without further purificationl¢sa
otherwise noted).

4.6. General procedure 6: lactone a-methylenation

According to the procedure reported by Parker amhslon*

Compound names are generated by ChemDraw™ Profassiorfo a solution of the substrate in anhydrous DMF wdded

15.1. The relative configuration of the product3[8]-bicyclic-
lactones was assigned on the basi$bNMR nOe experiments

MeOMgOCQMe (Stile’s reagent 2.0 M in DMF). The reaction
mixture was stirred at 120 °C for 5 h. The cooledction

or by analogy with previous work. Where nOe data wese n mixture (0 °C) was then quenched with 6 M HCI followeyl

obtained, it was assumed that the [3.3.0]-bicyelitdnes were
cis-configured in keeping with those [3.3.0]-bicgelactones for

extraction with EtOAc. The combined organic layers aver
washed with brine, dried (MgS} filtered and concentrated

which'H NMR nOe data was readily obtained and from previous/acuo to give the corresponding crude carboxylic acid.

precedent® ' 3! Dit-butyl diazomalonate was prepared

according to a literature procedufe.

4.1. General procedure 1: Decarboxylative Knoevenagel
reaction

According to the procedure reported by Zhasigal.'” a
solution of malonic acid and the appropriate aldighyn N-
methylmorpholine (NMM, 2.3 mL) was heated to 80 °C 7oh.
Sulfuric acid 11% aqueous solution (10 mL) was aduaethe
reaction mixture at RT and stirring was continued £0 min.
The mixture was extracted with GEl, (3 x 30 mL) and the
organic layers were washed with®] dried (MgSQ), filtered

and concentrateish vacuo to give a colorless gel which was used

without further purification.
4.2. General procedure 2: Rh-catalyzed OH insertion

According to the procedure of Chaely al."® Rh(OAc), (6
mol%) was added to a solution of alkenoic acid €gpand dit
butyl diazomalonate (1.12 eq) in benzene (0.25THWg reaction
mixture was then stirred at 60 °C for 2 h. After d¢oglthe
volatiles were removedn vacuo and the resulting oil was
purified by FC (PEy-s0/ ELO).

4.3. General procedure 3: manganese(l11), copper(l1)
potassium iodide oxidative cyclization

To a solution (0.15 M) of the alkene malonate darire (1.0
eq, 0.15 M) in MeCN (previously sparged with Ar for dfn)
were added Mn(OAgy2H,O (2.0 eq), Cu(OT$)(1.0 eq) and KI
(1.5 eq.). The reaction mixture was stirred at tipecsied
temperature overnight. To the cool mixture was addat

Na&S,0; (aq). The aqueous phase was extracted with EtOAc a
the combined organic layers were washed with brinegddr

(MgSQ,), filtered and concentrateth vacuo. The crude was
purified by FC.

4.4, General procedure 4: manganese(l11), potassium iodide
oxidative cyclization

To a solution of the alkene malonate derivativ® @qg, 0.15

M) in MeCN (previously sparged with Ar for 15 min) were

To the crude carboxylic acid prepared above was dadde
measured amount of a stock solution composed of AcOH,
NaOAc (0.105 g), formalin (2.9 mL) and,8H (1.0 mL). The
reaction mixture was stirred vigorously at RT untérbon
dioxide evolution ceased. The solution was thendukett 100 °C
for 10 min, cooled and diluted with ,8. The mixture was
extracted with EtOAc and the combined organic layersewe
washed with sat. NaHGQ(aq), brine, dried (MgSg), filtered
and concentratech vacuo. The crude mixture was purified by
FC.

4.7. General procedure 7: alkylation of alkyl malonates

According to the procedure of Loganal.,"> NaH (60 wt% in
mineral oil, 3.0 eq) was suspended in anhydrous DME )
and cooled to 0 °C. Dialkyl malonate (3.0 eq) was eddd
dropwise and the mixture was stirred for 20 min. Aison of
alkenyl mesylate (1 eq) in anhydrous THF (0.2 M) vadsled
dropwise, followed by KI (1 eq). The resultant mixtuvas
stirred at 80 °C overnight. To the cool mixture veakled sat.
NH,CI (aq). The aqueous phase was extracted with EtOAc an
the combined organic layers were washed with waterbaime:,
dried (MgSQ), filtered and concentrateish vacuo. The crude
was purified by FC (Pk_eo/ EtOAC).

4.8. Avenaciolide family of natural products: characterization

4.8.1. (E)-Dodec-3-enoic acid 12

Using general procedure 1 with malonic acid (2.2 9,12
mmol) and decanal (3.6 mL, 19.2 mmol) in NMM (2.3 ngave
12 as a colourless gel (3.5 g, 17.7 mmol, 91%Y. (A& q-¢o /

t,0, 4 :1) = 0.6y (400 MHz, CDC}) 0.88 (t, 3 H,J = 7.0 Hz,

HsCH,), 1.23-1.38 (m, 12 H, 6 xH;), 2.03 (g, 2 HJ) = 7.4 Hz,
CH,CH,CHCH), 3.07 (dd, 2 H) = 6.6, 0.9 Hz, CHCHB,C=0),
5.50 (dtt, 1 HJ = 15.3, 6.8, 1.2 Hz, CHACH,C=0), 5.59 (dt, 1
H, J=15.3, 6.5 Hz, BCHCH,C=0); 3¢ (100 MHz, CDC}) 14.3
(CHy), 22.8 (CH), 29.2 (CH), 29.3 (CH), 29.4 (CH), 29.6
(CH,), 32.0 (CH), 32.6 (CH), 37.9 (CH), 120.7 (CH), 135.8
(CH), 178.5 (C=0)m/z LRMS (ESI): 197.2 ([M-HJ, 100%).
Data in accordance to that reported in the liteggtur

added Mn(OAGr2H,0 (3.0 eq) and Kl (0.5 eq). The reaction 4-8.2. (E)-Tetradec-3-enoic acid 13

mixture was stirred at 80 °C for 22 h in the absesfdeght. The
reaction was quenched with sat.,8#®; (aq) and extracted with

Using general procedure 1 with malonic acid (4.1 9,63
mmol) and dodecanal (8.0 mL, 36.0 mmol) in NMM (4nd.)



6
gavel3 as a colourless gel (7.5 g, 33.1 mmol, 92%)(PE;;_¢o
/ Et,0, 5:1) = 0.25y (500 MHz, CDC}) 0.88 (t, 3 HJ = 7.1 Hz,
CH3CH,CH,), 1.26-1.38 (m, 16 H, 8 xI4;), 2.03 (9,2 HJ=6.8
Hz, CHCH,CHCH), 3.07 (dd, 2 H,J 6.8, 1.3 Hz,
CHCHCH,C=0), 5.50 (dtt, 1 H,J 15.3, 6.8, 1.3 Hz,
CHCHCH,C=0), 559 (dtt, 1 H,J = 15.3, 6.6, 1.3 Hz,
CHCHCH,C=0); 6 (125 MHz, CDC}) 14.3 (CH), 22.8 (CH),
29.3 (CH), 29.3 (CH), 29.5 (CH), 29.6 (CH), 29.8 (CH), 29.8
(CHy), 32.1 (CH), 32.6 (CH), 37.8 (CH), 120.7 (CH), 135.8
(CH), 177.6 (C=O)ypmax/ cmi*2922s (O-H), 2853m (C-H), 1710s
(C=0); m'z LRMS (EST): 225.2 ([M-HT, 100%); HRMS (ES)
found 225.1857; GH,:0, [M-H] ™ requires 225.1860.
4.8.3. Di-tert-butyl (E)-2-(hex-3-enoyloxy)malonate
14

Using general procedure 2 with Eibutyl diazomalonate (3.8
g, 15.5 mmol),trans-hexenoic acid (1.6 mL, 13.9 mmol) and

Rhy(OAc), (37 mg, 0.08 mmol) in benzene (55 mL). The residuel H, OCH), 5.94 (tdd, 1 H,J

was purified by FC (Pk-so / EtO, gradient from 15:1 to 7:1),
giving the title compound4 as a colorless oil (3.9 g, 78%); R
(PEig-go/ ELO, 7:1) = 0.65y (400 MHz, CDC}) 0.98 (t, 3 HJ =
7.5 Hz, G4,CH,CH), 1.49 (s, 18 H, 2 x OG4), 2.05 (gn, 2 HJ
7.5 Hz, CHCH,CH), 3.20 (dd, 2 H,J 6.7, 1.2 Hz,
CHCHCH,C=0), 5.32 (s, 1 H, OB), 5.53 (dtt, 1 HJ = 15.3,
6.7, 1.5 Hz, CHEICH,C=0), 5.65 (dtt, 1 HJ = 15.3, 6.2, 1.2
Hz, CHCHCH,C=0); 8: (100 MHz, CDC})) 13.4 (CH), 25.5
(CHy), 27.8 (CH), 37.3 (CH), 72.9 (CH), 83.4 (C), 119.6 (CH),
136.9 (CH), 163.6 (C=0), 170.9 (C=Q);ax / cm' 2979w (C-
H), 1746s (C=0), 1143s (C-O-C)iVz LRMS (ESI): 351.2
(IM+Na]*, 100%); HRMS (ES) found 329.1960; GH.4Os
[M+H]" requires 329.1959.

4.8.4. Di-tert-butyl (E)-2-(dodec-3-
enoyloxy)malonate 15

Using general procedure 2 with Eibutyl diazomalonate (4.4
g, 17.9 mmol),12 (3.2 g, 16.1 mmol) and RIOAc), (43 mg,
0.09 mmol) in benzene (58 mL) gave crude matetiat tvas
purified by FC (Pg-s/ ELO, gradient from 20:1 to 8:1), to give
the title compound5 as a colorless oil (6.0 g, 14.5 mmol, 81%).
Ri (PEy-eo/ EtO, 10:1) = 0.45y (500 MHz, CDC}) 0.87 (t, 3
H, J= 7.1 Hz, G1,CH,CH,), 1.25-1.36 (m, 12 H, 6 xK), 1.49
(s, 18 H, 2 x OCHs,), 2.02 (g, 2 HJ = 7.1 Hz, CHCH,CHCH),
3.19 (dd, 2 HJ = 6.5, 1.2 Hz, CHCHH,C=0), 5.32 (s, 1 H,
OCH), 5.53 (dtt, 1 HJ = 15.4, 6.7, 1.2 Hz, CHACH,C=0),
5.60 (dt, 1 HJ = 15.4, 6.6 Hz, BCHCH,C=0); ¢ (125 MHz,
CDCly) 14.3 (CH), 22.8 (CH), 27.9 (CH), 29.2 (CH), 29.3
(CH,), 29.4 (CH), 29.6 (CH), 32.0 (CH), 32.6 (CH), 37.5
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29.3 (CH), 29.5 (CH), 29.7 (CH), 29.7 (CH), 29.8 (CH), 32.1
(CH,), 32.7 (CH), 37.5 (CH), 73.0 (CH), 83.6 (C), 120.6 (CH),
135.8 (CH), 163.7 (C=0), 171.0 (C=Q);ux/ cmi® 2925m (C-
H), 1747s (C=0), 1142s (C-O-C)iVz LRMS (ESI): 463.2
(M+Na]*; 100%) HRMS (ES) found 463.3021; GH..O:Na
[M+Na]" requires 463.3030.

4.8.6. Di-tert-butyl-2-(but-3-enoyloxy)malonate 21

Using general procedure 2 with ilibutyl diazomalonate (3.80
g, 15.7 mmol), 3-butenoic acid (1.27 mL, 14.9 mmahd
Rh,(OAc), in benzene (60 mL) gave crude material that was
purified by FC (Pk.s °C / EtOAc, gradient from 12:1 to 6:1), to
give 21 as a colorless oil (3.66 g, 12.2 mmol, 82%).=R0.9
(PEo.60 / EtOAC, 10:1);3y (400 MHz, CDC)): 1.49 (s, 18 H,
OCCH3), 3.25 (dt, 2 HJ = 6.9, 1.4 Hz, CHCHH,C=0), 5.20
(ddd, 1 H,J = 10.3, 2.8, 1.4 Hz, ByHynCHCH,C=0), 5.21
(ddd, 1 HJ = 17.2, 3.0, 1.7 Hz, CiHy;a,sCHCH,C=0), 5.32 (s,
17.1, 10.3, 6.9 Hz,
CHgHrandlCHCH,C=0); 8¢ (100 MHz, CDC}): 28.0 (CH), 38.5
(CHy), 73.1 (CH), 83.6 (C), 119.3 (G{ 129.5 (CH), 163.6
(C=0), 170.3 (C=0)max / cM* 2981w (C-H), 1744s (C=0),
1369m, 1250m, 11418yz LRMS (ESI) 301.2 ([M+H], 100%);
HRMS (ESI) found 323.1462; GH..OsNa [M+Na] requires
323.1465.

4.8.7. Di-tert-butyl 5-oxo-3-(prop-1-en-1-
yl)dihydrofuran-2,2(3H)-dicarboxylate 18

To a solution ofl4 (3.9 g, 11.8 mmol), in MeCN (79 mL,
previously sparged with Ar for 15 min) were added
Mn(OAC);*2H,0 (6.3 g, 23.6 mmol) and Cu(O7fj4.3 g, 11.8
mmol). The reaction mixture was stirred at 40 °@roight then
guenched with water and extracted with EtOAc. The adcgan
layers were washed with sat. MH (aq), brine, dried (MgS£,
filtered and concentrateth vacuo. The crude material was
purified by FC (P&-s/ ELO, gradient from 7:1 to 0:1) to give
18 as a white solid (1.6 g, 4.8 mmol, 40% isolated aas
inseparable 3.8:1 mixtufe:Z diastereomers)Analysis is on the
mixture of E:Z diastereomers, R (PEy-¢0/ ELO, 7:1) = 0.4; m.p.
=63-78 °G 4, (500 MHz, CDC})) (E)-18: 1.46 (s, 9 H, OCHy,),
1.50 (s, 9 H, OCHy;), 1.70 (ddd, 3 HJ = 6.5, 1.5, 1.0 Hz,
CHCHCH3), 2.65 (dd, 1 HJ = 17.4, 10.2 Hz, CHCH), 2.69
(dd, 1 H,J = 17.4, 8.7 Hz, &HCH), 3.64 (ddt, 1 HJ) = 17.3,
8.7, 0.9 Hz, CHH@#!), 5.42 (dddd, 1 H) = 15.3, 7.2, 3.2, 1.5 Hz,
CHCHCHCH,), 5.66 (dgd, 1 H,J 15.3, 6.5, 1.2 Hz,
CHCHCHCHzy); (2)-18: 1.48 (s, 9 H, OCH,), 1.49 (s, 9 H,
OCCH3), 1.75 (dd, 3 HJ) = 6.9, 1.8 Hz, CHCHA,), 2.43 (dd, 1
H, J = 17.6, 7.8 Hz, BHCH), 2.81 (dd, 1 HJ) = 17.6, 8.8 Hz,

(CHp), 73.0 (CH), 83.6 (C), 120.6 (CH), 135.8 (CH), 163.7 CHHCH), 4.04 (dtd, 1 HJ = 10.4, 7.9, 0.9 Hz, CHH{), 5.22

(C=0), 171.0 (C=0)ymax / CMi* 2927m (C-H), 2856w (C-H),
1748s (C=0), 1144s (C-O-C)miz LRMS (ESI): 435.3
(M+Na]*, 100%); HRMS (ES) found 435.2712; GH.O:Na
[M+Na]" requires 435.2717.

4.8.5. Di-tert-butyl (E)-2-(tetradec-3-
enoyloxy)malonate 16

Using general procedure 2 with Eibutyl diazomalonate (5.1
g, 20.9 mmol)13 (4.2 g, 18.7 mmol) and B(OAc), (50.0 mg,
0.11 mmol) in benzene (67 mL) gave crude matehat tvas
purified by FC (P&-s0/ EtLO, gradient from 20:1 to 7:1), to give
the title compounds6 as a yellowish oil (7.2 g, 16.4 mmol, 88%).
R¢ (PEg-60/ ELO, 10:1) = 0.45,, (500 MHz, CDC}) 0.88 (t, 3 H,
J = 7.2 Hz, B1;CH,CH,), 1.25-1.36 (m, 16 H, 8 xIg;), 1.49 (s,
18 H, OCCHy), 2.02 (q, 2 HJ = 7.4 Hz, G1,CHCHCH,C=0),
3.18 (dd, 2 HJ = 6.5, 0.9 Hz, CHCHH,C=0), 5.32 (s, 1 H,
OCH), 5.52 (dtt, 1 HJ = 15.4, 6.8, 1.3 Hz, CHACH,C=0),
5.60 (dtt, 1 HJ = 15.4, 6.6, 1.2 Hz, ECHCH,C=0); 5. (125
MHz, CDCL) 14.3 (CH), 22.8 (CH), 28.0 (CH), 29.2 (CH),

(tg, 1 H,J = 10.7, 1.8 Hz, CHACHCH;), 5.63-5.70 (m, 1 H,
CHCHCHCH,, masked); dc (125 MHz, CDC)) (E)-18: 18.1
(CHy), 27.9 (CH), 28.1 (CH), 33.2 (CH), 43.7 (CH), 83.8 (C),
84.3 (C), 87.7 (C), 125.7 (CH), 130.1 (CH), 165.0 @}~165.1
(C=0), 174.2 (C=0);4)-18: 13.4 (CH), 27.9 (CH), 28.0 (CH),

34.9 (CH), 38.4 (CH), 83.9 (C), 84.1 (C), 87.9 (C), 125.HjC
129.6 (CH), 164.6 (C=0), 165.0 (C=0), 173.2 (C=@);/ cm"

2979w (C-H), 1803s (C=0), 1738s (C=0), 1153s (C-O+O},

LRMS (ESI): 349.2 ([M+Na], 60%), 675.3 ([2M+Nd] 100%);
HRMS (ESI) found 349.1619; GH,OsNa [M+Na] requires
349.1622. Further elution of the column gave thetdnesl?

(770 mg, 2.9 mmol 24%) for which characterizatiortadés

reported latenfde infra).

4.8.8. Di-tert-butyl 3-(1-chloropropyl)-5-
oxodihydrofuran-2,2(3H)-dicarboxylate 20

To a solution ofl4 (1.0 g, 3.0 mmol), in MeCN (20 mL,
previously sparged with Ar for 15 min) were added
Mn(OACc);*2H,0 (1.6 g, 6.1 mmol), Cu(OTf) 1.1 g, 3.0 mmol)



and LiCl (155 mg, 3.6 mmol). The raction mixtureswsirred at
40 °C for 22 h and then allowed to cool. The reactwas
guenched with water and extracted with EtOAc. The dcgan
layers were then washed with sat. JOH (aq) and brine, dried
(MgSQy), filtered and concentrateich vacuo. The residue was
further purified by FC (PEk-¢ / EtOAc, gradient from 10:1 to
0:1), to give the chloro-lactor#0 as a colorless oil (0.89 g, 2.4
mmol, 80% as an inseparable 3.3:1 mixture of ugassi
diastereomers).Analysis is on the mixture of diastereomers, Ry
(PEjg-s0/ EtOAC, 4:1) = 0.7y (500 MHz, CDCJ): 20-maj: 1.08
(t, 3 H,J=7.3 Hz, CHHGEI3), 1.50 (s, 9 H, OCB,), 1.54 (s, 9
H, OCCH,), 1.69-1.79 (m, 1 H, BHCH;), 1.86 (dqd, 1 H) =
14.5, 7.3, 4.4 Hz, CHCH;y), 2.72 (dd, 1 HJ = 17.7, 9.0 Hz,
O=CCHHCHCHCI), 2.85 (dd, 1 H,J 17.7, 9.2 Hz,
O=CCHHCHCHCI), 340 (d, 1 H,J 9.1, 3.7 Hz,
O=CCHHHCHCI), 4.20 (dt, 1 HJ = 9.3, 4.1 Hz, CHECI);
20-min: 1.05 (t, 3 H,J = 7.2 Hz, CHH®I3), 1.50 (s, 9 H,
OCCH3), 1.54 (s, 9 H, OCH;), 1.69-1.79 (2 H, EHCH,,
masked), 2.68 (dd, 1 HJ = 17.8, 6.3 Hz, O=CBHCHCHCI),
2.82 (dd, 1 H)=17.8, 8.9 Hz, O=CCHCHCHCI), 3.57 (ddd, 1
H,J=11.8, 6.2, 5.6 Hz, O=CCHHECHCI), 4.08 (ddd, 1 H] =
10.8, 5.4, 2.2 Hz, CHECI); 8¢ (125 MHz, CDC}) 20-maj: 11.5
(CHy), 27.9 (CH), 28.0 (CH), 30.5 (CH), 31.3 (CH), 46.6
(CH), 62.6 (CH), 84.6 (C), 85.2 (C), 86.6 (C), 164@=0),
165.3 (C=0), 173.4 (C=020-min: 11.4 (CH), 27.2 (CH), 27.8
(CHy), 28.0 (CH), 30.9 (CH), 47.5 (CH), 62.5 (CH), 84.7 (C),
85.1 (C), 86.9 (C), 164.4 (C=0), 164.7 (C=0), 17&30); Vinax

/ cm* 2978w (C-H), 1805m (C=0), 1738s (C=0), 1151s (C-O-
C); Wz LRMS (ESI): 385.1 ([M+Na], 100%), 387.2 ([M+N4d]
30%); HRMS (ESI) found 385.1390 (100%), 387.1360 (30%);
CiH,°ClOgNa[M+Na]* requires 385.1388 and, ;> ClONa
[M+Na]" requires 387.1359.

4.8.9. Di-tert-butyl 3-(1-iodopropyl)-5-
oxodihydrofuran-2,2(3H)-dicarboxylate 26 and tert-
butyl (3aR*,6aR*)-2,6-dioxotetrahydrofuro[3,4-
b] furan-6a(6H)-carboxylate 17

Using general procedure 3 withd (500 mg, 1.5 mmol),
Mn(OACc);*2H,0O (818 mg, 3.1 mmol), Cu(OTf)550 mg, 1.5
mmol) and Kl (379 mg, 2.3 mmol) in MeCN (10 mL) gavreide
material that was purified by FC (RE,/ EtOAc, gradient from
4:1 to 1:1), to give the iodo-lactor® as a yellow oil (146 mg,
0.32 mmol, 21%, as an inseparable 3.5:1 mixturanatssigned
diastereomers).Analysis is on the mixture of diastereomers, R
(PEjyg-s0/ EtOAC, 5:1) = 0.7py (400 MHz, CDC}) 26-maj: 1.05
(t, 3 H,J=7.2 Hz, CHHGI5), 1.49 (s, 9 H, OH;), 1.54 (s, 9 H,
OCHjy), 1.79-1.87 (m, 2 H, BHCHy), 2.66 (dd, 1 HJ = 17.7,
9.4 Hz, O=C®IHCH), 2.93 (dd, 1 H,J = 17.7, 8.7 Hz,
O=CCHHCH), 3.32 (td, 1 H) = 8.9, 7.4 Hz, O=CCHHRB), 4.13
(ddd, 1 HJ=8.3, 7.4, 5.2 Hz, CH@l); 26-min: 0.99 (t, 3HJ =
7.0 Hz, CHH®3), 1.49 (s, 9 H, OH,), 1.53 (s, 9 H, OCH,),
1.47-1.49 (CHHE13, masked), 2.74 (dd, 1 HJ = 18.0, 3.9 Hz,
O=CCHHCH), 2.97 (dd, 1 HJ = 18.0, 9.0 Hz, O=CCHCH),
3.79 (dt, 1 HJ = 8.9, 3.8 Hz, O=CCHHB), 4.40 (ddd, 1 HJ =
11.6, 3.4, 2.3 Hz, CH@I); 5. (100 MHz, CDC}) 26-maj: 15.0
(CHy), 27.7 (CH), 27.9 (CH), 32.9 (CH), 37.8 (CH and CH),
47.3 (CH), 81.6 (C), 84.5 (C), 85.1 (C), 164.9 (C=0§6.2
(C=0), 172.2 (C=0)ymax ! cm* 1798m (C=0, lactone), 1736s
(C=0, ester), 1147s (C-O-C)m/iz LRMS (ESI): 477.0
(IM+Na]", 100%); HRMS (ES) found 477.0741; GH,/0O¢Na
[M+Na]* requires 477.0745. Further elution of the coluyane
the lactonel7 (53%) for which characterization is reported later.

4.8.10. Di-tert-butyl 3-(iodomethyl)-5-
oxodihydrofuran-2,2(3H)-dicarboxylate 29

Using general procedure 3 wittl (100 mg, 0.33 mmol)
Mn(OACc);*2H,0O (179 mg, 0.66mmol), Cu(OTEf(121 mg, 0.33

7
mmol) and KI (66 mg, 0.40 mmol) in MeCN (2.2 mL) gave
crude material that was purified by FC (R&/ EtOAc, 85:15),
to give 29 as a white solid (58 mg, 0.14 mmol, 41%).=R0.8
(PEy.6o/ EtOAC, 85 : 15); m.p. = 114-117 °G@;, (500 MHz,
CDCly): 1.50 (s, 9 H, OCH,), 1.51 (s, 9 H, OCBHy), 2.54 (dd, 1
H,J=17.6, 11.0 Hz, O=CBHCH), 2.88 (dd, 1 HJ = 11.9, 9.6
Hz, CHHI), 2.92 (dd, 1 HJ = 17.5, 8.5 Hz, O=CCHCH), 3.37
(dtd, 1 H,J = 11.9, 8.5, 3.4 Hz, ECHHI), 3.55 (dd, 1 HJ = 9.6,
3.5 Hz, CHHI); 8¢ (125 MHz, CDC)): 0.7 (CHy), 27.9 (CH),
28.1 (CHy), 35.7 (CH), 44.6 (CH), 84.5 (C), 85.7 (C), 86.3 (C),
164.4 (C=0), 164.7 (C=0), 171.8 (C=Q);ax/ cm* 2979w (C-
H), 1807s (C=0), 1736s (C=0) 1371m, 1313m, 1253mp415
m/z LRMS (ESI) 449.0 ((M+Na], 100%); HRMS (ES) found
449.0431; GH,JdOsNa [M+Na] requires 449.0432. Further
elution of the column gav@2 (12%). R = 0.2 (PEy.s/ EtOAC,
85:15); m.p. = 117-121 °G, (500 MHz, CDC})): 1.53 (s, 1 H,
OCCH,), 2.62 (dd, 1 HJ = 18.4, 5.9 Hz, O=CBHCH), 3.04
(dd, 1 H,J = 18.4, 9.8, Hz, O=CCHCH), 3.42 (dddd, 1 HJ =
9.6, 7.2, 5.9, 3.5 Hz, O=CCHHJ, 4.24 (dd, 1 HJ = 9.7, 3.5
Hz, CHCHHOC=0), 4.68 (dd, 1 H,J 9.7, 7.2 Hz,
CHCHHOC=0); 3¢ (125 MHz, CDC}): 28.0 (CH), 33.5 (CH),
40.1 (CH), 70.9 (Ch, 83.4 (C), 86.1 (C), 164.1 (C=0), 168.3
(C=0), 172.3 (C=0)¥max / cmi* 2927w (C-H), 1797s (C=0),
1783s (C=0), 1745s (C=0), 1107syz HRMS (ESI) found
265.0683; GH,,0:Na [M+Na] requires 265.0683.

4.8.11. tert-Butyl (3aR*,4R*,6a* R)-4-ethyl-2,6-
dioxotetrahydrofuro[ 3,4-b] furan-6a(6H)-
carboxylate 17-maj and tert-butyl
(3aR*,4S*,6aR*)-4-ethyl-2,6-
dioxotetrahydrofuro[ 3,4-b] furan-6a(6H)-
carboxylate 17-min

Using general procedure 4 witt4 (0.50 g, 1.52 mmol),
Mn(OAc);*2H,O (1.22 g, 4.57 mmol) and KI (0.13 g, 0.76
mmol) in MeCN (10.0 mL) gave crude material that wasfied
by FC (PEy-¢/ EtOAC, gradient from 3:1 to 1:1), giving the title
compoundsl? as a yellowish solid (0.32 g, 1.17 mmol, 77%
yield, as an inseparable 2.8:1 mixture of C-4 diasiisomers).
Analysisis on the mixture of diastereomers, R; (PEj-¢o / EtOAC,
1:1) = 0.7; m.p. = 110-114 °G, (500 MHz, CDC})) 17-maj:
1.08 (t, 3 HJ = 7.4 Hz, CHHG5), 1.54 (s, 9 H, OCH;), 1.58-
1.65 (m, 1 H, GIHCH;), 1.80-1.94 (m, 1 H, CHCH;), 2.68 (dd,
1H,J=18.3, 9.1 Hz, C=08BHCH), 2.75 (dd, 1 H) = 18.3, 9.9
Hz, C=OCHHCH), 3.40 (m, 1 H, C=0CHHB&), 4.69 (dt, 1 H]
= 8.5, 6.0 Hz, CHEOC=0); 17-min: 1.07 (t, 3 H,J = 7.4 Hz,
CHHCHjy), 1.53 (s, 9 H, OCH,), 1.58-1.65 (m, 1 H, BHCH,),
1.80-1.94 (m, 1 H, CHCHjy), 2.57 (dd, 1 HJ = 18.3, 2.4 Hz,
C=0CHHCH), 2.97 (dd, 1 HJ = 18.3, 9.4 Hz, C=OCHCH),
3.06 (ddd, 1 H) =9.3, 5.9, 2.3 Hz, C=0CHH4), 4.21 (dt, 1 H,
J =6.9, 5.9 Hz, CHEOC=0); 6: (125 MHz, CDC}) 17-maj:
10.1 (CH), 27.9 (CH), 28.0 (CH), 28.1 (CH), 44.2 (CH), 80.7
(CH), 86.2 (C), 163.9 (C=0), 168.4 (C=0), 172.2 (C=0};
min: 9.3 (CH), 24.5 (CH), 27.9 (CH), 33.3 (CH), 44.8 (CH),
85.9 (CH), 85.5 (C), 164.7 (C=0), 167.3 (C=0), 172&0Q);
Vmax | €+ 1787s (C=0), 1759m (C=0), 1108m (C-O-®)z
LRMS (ESI): 563.2 ([2M+Na], 100%); HRMS (ES) found
563.2095; GgH30:.Na [2M+Nal requires 563.2099.

4.8.12. tert-Butyl (3aR*,4R*,6aR*)-4-octyl-2,6-
dioxotetrahydrofuro[ 3,4-b] furan-6a(6H)-
carboxylate 30-maj and tert-butyl

(3aR*,4* S,6aR*)-4-octyl-2,6-
dioxotetrahydrofuro[ 3,4-b] furan-6a(6H)-
carboxylate 30-min

Using general procedure 4 withh (4.9 g, 11.97 mmol),
Mn(OAC);*2H,0 (9.6 g, 35.92 mmol), and Kl (0.9 g, 5.99 mmol)
in MeCN (80.0 mL) gave crude material that was pedifby FC
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(PEyo-60 / EtOAcC, gradient from 12:1 to 1:1) to gi\8® as a
yellowish solid (3.07 g, 8.66 mmol, 72% isolated am
inseparable 2.3:1 mixture of diastereomerghalysis is on the
mixture of diastereomers, R (PEj-¢0/ EtOAC, 8:1) = 0.2; m.p. =
70-72 °C;3y (500 MHz, CDCYJ): 30-maj: 0.87 (t, 3HJ=7.1
Hz, CHCHs), 1.25-1.43 (m, 12 H, 6 x i), 1.51 (s, 9 H,
OCCH3), 1.71-1.78 (m, 1 H, O=COCH4H), 1.81-1.89 (m, 1 H,
O=COCHCHH), 2.58 (dd, 1 HJ = 18.3, 2.5 Hz, O=CBHCH),
2.96 (dd, 1 HJ = 18.3, 9.5 Hz, O=CCHCH), 3.05 (ddd, 1H] =
9.3, 5.6, 2.4 Hz, O=CCHHS{), 4.27 (dt, 1 HJ = 7.6, 5.6 Hz,
O=COHCHH); 30-min: 0.87 (t, 3 H,J = 7.1 Hz, CHCHy),
1.25-1.43 (m, 12 H, 6 x ), 1.52 (s, 3 H, OCB,), 1.71-1.78
(m, 1 H, O=COCHEIH), 1.81-1.89 (m, 1 H, O=COCHGH#,
2.68 (dd, 1 HJ) = 18.3, 9.1 Hz, O=CBHCH), 2.74 (dd, 1 H) =
18.3, 9.8 Hz, O=CCHCH), 3.40 (ddd, 1 H) = 9.7, 9.1, 5.8 Hz,
O=CCHH), 4.74 (dt, 1 H) = 8.6, 5.4 Hz, O=COBCHH); 3
(125 MHz, CDC}): 30-maj: 14.2 (CH), 22.7 (CH), 25.0 (CH),
27.9 (CH), 29.2 (CH), 29.2 (CH), 29.4 (CH), 31.9 (CH), 33.3
(CH,), 35.1 (CH), 45.1 (CH), 85.8 (CH), 84.8 (C), 85.0 (C),
164.7 (C=0), 167.5 (C=0), 172.8 (C=CB0-min: 14.2 (CH),
22.7 (CH), 25.7 (CH), 28.0 (CH), 28.0 (CH), 29.2 (CH), 29.3
(CHy), 29.4 (CH), 31.1 (CH), 31.8 (CH), 44.3 (CH), 79.6 (CH),
85.4 (C), 86.0 (C), 163.9 (C=0), 168.5 (C=0), 17Z4Q); Vinax

(3aR*,4S* ,6aR*)-4-ethyldihydrofuro[ 3,4-b] furan-
2,6(3H,4H)-dione 33-min

Using general procedure 5 wilfl7 (mixture of diastereomers,
3.95 g, 14.61 mmol), LiCl (2.17 g, 51.15 mmol) in (60.0
mL) and HO (1.25 mL); EtOAc was used as the extraction
solvent and the residue was purified by FC P&/ EtOAc,
gradient from 3:1 to 1:1), to giV@3 as a yellowish liquid (2.08
mg, 12.22 mmol, 80% isolated as an inseparable: R ®idture
of diastereomers).Analysis is on the mixture of diastereomers,
Rt (PEy-s0/ EtOAC, 2:1) = 0.2p, (500 MHz, CDCY}): 33-maj:
1.05 (t, 3 HJ =7.5 Hz, CHHGE1), 1.79 (qdd, 1 H) = 7.3, 5.9,
3.4 Hz, GHHCH;), 1.81 (dgd, 1 HJ = 10.5, 7.5, 4.7 Hz,
CHHCHg), 2.56 (dd, 1 HJ = 18.2, 4.1 Hz, O=CBHCH), 2.95
(dd, 1 H,J = 18.2, 9.5 Hz, O=CCHCH), 3.05 (m, 1 H,
O=CCHH), 4.30 (ddd, 1 H,J = 6.9, 5.9, 4.8 Hz,
O=COMHCHHCHy), 5.01 (d, 1 HJ = 7.8 Hz, O=COEIC=0);
33-min: 1.07 (t, 3 HJ = 7.5 Hz, CHH®3), 1.63 (dqd, 1 HJ =
10.9, 7.4, 6.1 Hz, BHCH;), 1.89 (sept, 1 HJ = 7.4 Hz,
CHHCHg), 2.63 (dd, 1 HJ = 18.2, 9.5 Hz, O=CBHCH), 2.64
(dd, 1 H,J = 18.2, 9.5 Hz, O=CCHCH), 3.44-3.53 (m, 1 H,
O=CCHH), 4.55 (dt, 1 HJ = 8.3, 5.9 Hz, O=COBCHH),
5.16 (d, 1 HJ = 8.4 Hz, O=COEIC=0); 3¢ (125 MHz, CDC}):
33-maj: 9.3 (CH), 24.8 (CH), 33.0 (CH), 39.9 (CH), 77.1

/ cni* 2929m (C-H), 2957w (C-H), 1789s (C=0), 1759s (C=0);(CH), 86.0 (CH), 169.9 (C=0), 173.6 (C=@g-min: 9.9 (CH),

m/z LRMS (ESI): 377.2 ([M+Na], 100%) ; HRMS (ES) found
377.1931; GHzOsNa [M+Na] requires 377.1935.

4.8.13. tert-Butyl (3aR*,4R*,6aR*)-4-decyl-2,6-
dioxotetrahydrofuro[ 3,4-b] furan-6a(6H)-
carboxylate 31-maj and tert-butyl

(3aR*,4S* ,6aR*)-4-decyl-2,6-
dioxotetrahydrofuro[ 3,4-b] furan-6a(6H)-
carboxylate 31-min

Using general procedure 4 wittb (5.09 g, 11.56 mmol),

Mn(OAc);*2H,O (9.30 g, 34.67 mmol) and KI (0.96 g, 5.78

mmol) in MeCN (77.0 mL) gave crude material that \wasfied
by FC (PEy-so/ EtOAC, gradient from 14:1 to 5:1) to gig& as a
yellowish solid (3.28 g, 8.58 mmol, 74% isolated am
inseparable 1.7:1 mixture of diastereomerghalysis is on the
mixture of diastereomers, Ry (PEy-s0/ EtOAC, 8:1) = 0.2; m.p. =
83-88 °C;éy (500 MHz, CDCJ): 31-maj: 0.88 (t, 3 HJ = 7.2
Hz, CH,CH,), 1.26-1.53 (m, 16 H, 8 x &), 1.53 (s, 9 H,
OCCH3), 1.71-1.78 (m, 1 H, O=COCH#H), 1.83-1.91 (m, 1 H,
O=COCHCHH), 2.56 (dd, 1 HJ = 18.2, 2.3 Hz, O=CBHCH),
2.96 (dd, 1 HJ =18.2, 9.4 Hz, O=CCHCH), 3.04 (ddd, 1 HJ
=9.3, 5.9, 2.3 Hz, O=CCHH4), 4.24 (dt, 1 HJ = 7.8, 5.7 Hz,
O=COCHCHH); 31-min: 0.88 (t, 3 H,J = 7.2 Hz, CHCHy),
1.26-1.53 (m, 16 H, 8 x I, 1.54 (s, 9 H, OCH,), 1.71-1.78
(m, 1 H, O=COCHEIH), 1.83-1.91 (m, 1 H, O=COCHGH#,
2.68 (dd, 1 HJ = 18.3, 9.2 Hz, O=CBHCH), 2.74 (dd, 1 H) =
18.3, 9.8 Hz, O=CCHCH), 3.38 (td, 1 HJ = 9.5, 5.7 Hz,
O=CCHH®), 4.75 (dt, 1 H) = 8.8, 5.5 Hz, O=COBCHH); 3
(125 MHz, CDC}): 31-maj: 14.3 (CH), 22.8 (CH), 25.1 (CH),
28.0 (CH), 29.3 (CH), 29.4 (CH), 29.5 (CH), 29.6 (CH), 29.7
(CH,), 32.0 (CH), 33.3 (CH), 35.2 (CH), 45.3 (CH), 84.8 (CH),
84.9 (C), 85.9 (C), 164.7 (C=0), 167.3 (C=0), 17Z60); 31-
min: 14.3 (CH), 22.8 (CH), 25.7 (CH), 27.8 (CH), 28.0 (CH),
28.0 (CH), 29.4 (CH), 29.4 (CH), 29.5 (CH), 29.6 (CH), 31.2
(CHy), 32.0 (CH), 44.4 (CH), 79.5 (CH), 85.4 (C), 86.1 (C),
164.0 (C=0), 168.4 (C=0), 172.2 (C=Q);ax/ cmi*2926m (C-
H), 2855w (C-H), 1789s (C=0), 1759m (C=Qjyz LRMS
(ESI): 405.2 ([M+Na], 100%); HRMS (ES) found 405.2246;
C,Hz.0Na [M+Na]' requires 405.2248.

4.8.14. (3aR*,4R*,6aR*)-4-Ethyldihydrofuro[3,4-
b] furan-2,6(3H,4H)-dione 33-maj and

24.8 (CH), 26.9 (CH), 39.3 (CH), 77.1 (CH), 80.1 (CH), 170.5
(C=0), 173.7 (C=0)max / cmM* 2973w (C-H), 1777s (C=0),
1212m (C-O-C), 1150m (C-O-C), 1069m (C-O-@)z LRMS
(ESI): 363.0 ([2M+Na], 40%); HRMS (ES)) found 363.1050;
CiH200sNa [2M+Na] requires 363.1050.

4.8.15. (3aR*,4R*,6aR*)-4-Octyldihydrofuro[ 3,4-
b] furan-2,6(3H,4H)-dione 34-maj and
(3aR*,4S* ,6aR*)-4-octyldihydrofuro[ 3,4-b] furan-
2,6(3H,4H)-dione 34-min

Using general procedure 5 wi® (mixture of diastereomers,
350 mg, 0.99 mmol), LiCl (147 mg, 3.46 mmol) in DM%&6
mL) and HO (0.08 mL) gave34 as brown oil (194 mg, 0.76
mmol, 77% isolated as a 2.23:1 inseparable mixtofe
diastereomers).Analysis is on the mixture of diastereomers, Ry
(PEio-go / EtOAC, 5:1) = 0.16, 0.2%,, (500 MHz, CDC)): 34-
maj: 0.88 (t, 3 HJ = 7.1 Hz, CHCH,3), 1.25-1.84 (m, 14 H, 7 x
CHy), 2.55 (dd, 1 HJ = 18.2, 4.1 Hz, O=CBHCH), 2.94 (dd, 1
H, J=18.2, 9.4 Hz, O=CCHCH), 3.04 (dddd, 1 H} =9.4, 7.9,
4.9, 4.1 Hz, O=CCHHA), 4.34 (dt, 1 H,J = 7.6, 5.2 Hz,
CHCHOC=0), 5.01 (d, 1 HJ) = 7.9 Hz, O=COEIC=0); 34-
min: 0.88 (t, 3 HJ = 7.1 Hz, CHCH,), 1.25-1.84 (m, 14 H, 7 x
CH,), 2.63 (s apparent, 1 H, O=EIEICH), 2.64 (s apparent, 1 H,
O=CCHHCH), 3.46 (tdd, 1 H,J = 9.6, 84, 57 Hz,
O=CCHH®), 4.60 (dt, 1 H)=8.7, 5.7 Hz, CHEIOC=0), 5.16
(d, 1 H,J = 8.4 Hz, O=COEIC=0); & (125 MHz, CDC)): 34-
maj: 14.2 (CH), 22.8 (CH), 25.1 (CH), 29.3 (CH), 29.3 (CH),
29.5 (CH), 31.9 (CH), 32.9 (CH), 35.6 (CH), 40.4 (CH), 77.1
(CH), 84.9 (CH), 169.9 (C=0), 173.6 (C=034-min: 14.2
(CHy)), 22.8 (CH), 25.6 (CH), 27.0 (CH), 29.3 (CH), 29.3
(CHy), 29.4 (CH), 31.6 (CH), 31.9 (CH), 39.6 (CH), 77.1 (CH),
78.8 (CH), 170.6 (C=0), 173.7 (C=Q);ay/ cmi* 2925m (C-H),
2856w (C-H), 1781s (C=0), 1216w (C-O-C), 1150w (C-O-C);
m'z LRMS (ESI): 531.4 ([2M+Na], 100%); HRMS (ES)
found 277.1412; GH,,0O,Na [M+Na] requires 277.1410.

4.8.16. (3aR*,4R* 6aR)-4-Decyldihydrofuro[3,4-
b] furan-2,6(3H,4H)-dione 35-maj and
(3aR*,4S* ,6aR*)-4-decyldihydrofuro[ 3,4-b] furan-
2,6(3H,4H)-dione 35-min

Using general procedure 5 will (mixture of diastereomers,
3.28 g, 8.58 mmol), LiCl (1.27 g, 30.01 mmol) in DRS36.0
mL) and HO (0.73 mL) gave35 as a brown oil (2.33 g, 8.25



mmol, 96%, isolated as a 2.23:1 inseparable mixtofe
diastereomers).Analysis is on the mixture of diastereomers, R;
(PEj-s0/ EtOAC, 1:1) = 0.6, 0.7y (500 MHz, CDC}): 35-maj:
0.88 (t, 3 HJ = 7.1 Hz, CHCH3), 1.26-1.85 (m, 18 H, 9 xHL),
2.55 (dd, 1 HJ = 18.2, 4.1 Hz, O=CBHCH), 2.94 (dd, 1 H) =
18.2, 9.4 Hz, O=CCHCH), 3.03 (ddd, 1 HJ = 11.9, 7.8, 4.3
Hz, O=CCHHQH), 4.34 (dt, 1 HJ = 7.7, 5.2 Hz, CHEOC=0),
5.00 (d, 1 HJ = 7.7 Hz, O=COEIC=0); 35-min: 0.88 (t, 3 HJ
= 7.1 Hz, CHCHj), 1.26-1.85 (m, 18 H, 9 xKL), 2.63 (d, 2 H)
= 9.5 Hz, O=CEIHCH), 3.46 (tdd, 1 HJ = 9.5, 8.4, 5.7 Hz,
O=CCHH®), 4.60 (dt, 1 HJ)=8.7, 5.7 Hz, CHEIOC=0), 5.15
(d, 1 H,J = 8.4 Hz, O=COEIC=0); 8¢ (125 MHz, CDC}): 35-
maj: 14.3 (CH), 22.8 (CH), 25.1 (CH), 29.3 (CH), 29.4 (CH),
29.5 (CH), 29.6 (CH), 29.7 (CH), 32.0 (CH), 32.9 (CH), 35.6

(CH,), 40.4 (CH), 77.1 (CH), 84.9 (CH), 173.6 (C=0), 173.7

(C=0); 35-min: 14.3 (CH), 22.8 (CH), 25.6 (CH), 27.0 (CH),
29.3 (CH), 29.4 (CH), 29.5 (CH), 29.6 (CH), 29.7 (CH), 31.5
(CH,), 32.0 (CH), 39.6 (CH), 77.1 (CH), 78.8 (CH), 169.9
(C=0), 170.6 (C=0)ivmax / CM* 2922m (C-H), 2854 (C-H),
1780s (C=0), 1214 (C-O-C), 1151 (C-O-C), 1074 (C-O+@,
HRMS (ESI) found 305.1723; GH,sO,Na [M+Na] requires
305.1723.

4.8.17. Avenaciolide (major) 1 and iso-avenaciolide
(minor) 2

Using general procedure 6 widd (mixture of diastereomers,
1.65 g, 6.49 mmol), DMF (15 mL), and MeOMgO@@ (2.0 M
in DMF, 20.0 mL, 38.9 mmol) to give the correspomdizrude
acid. The crude acid was treated with the stocktisolu(7.20
mL). The crude product (7.3:1 mixture of diastenecs ) was
purified by FC (Pk- / EtOAc, gradient from 3:1 to 1:2), to
give 1 and2 as white solids (avenaciolide 510 mg, 1.91 mmol,
34%)iso-avenaciolide2: 51 mg, 0.19 mmol, 26%).

avenaciolidel: R; (PEy-g0/ EtOAC, 2:1) = 0.78y (500 MHz,
CDCly): 0.88 (t, 3 HJ =7.1 Hz, CHCH,), 1.27-1.53 (m, 12 H, 6
x CH,), 1.75-1.86 (m, 2 H, O=COCHEHCHH), 3.53-3.57 (m, 1
H, O=CCCHCHOC=0), 4.42 (ddd, 1 H) = 7.4, 5.9, 3.9 Hz,
O=CCCHM®O0C=0), 5.05 (d, 1 H) = 8.5 Hz, O=COEIC=0),
5.87 (d, 1 H,J = 2.2 Hz, CGiH), 6.48 (d, 1 HJ = 2.2 Hz,
CCHH); 3¢ (125 MHz, CDC)): 14.2 (CH), 22.8 (CH), 24.9
(CH,), 29.3 (2 x CH)), 29.5 (CH), 31.9 (CH), 36.2 (CH), 44.3
(CH), 74.4 (CH), 85.2 (CH), 126.4 (GH 134.7 (C), 167.6
(C=0), 169.8 (C=0)¥max / CM* 2927m (C-H), 2856w (C-H),
1779s (C=0), 1294w, 1218w, 1105w, 1062wz HRMS (ESI)
found 267.1594; GH,3:0, [M+H] " requires 267.1591. Data is in
accordance to that reported in the literafdre.

iso-avenaciolide2: Ry (PEy-s0 / EtOAC, 2:1) = 0.3%4 (500
MHz, CDCL): 0.88 (t, 3 HJ = 7.1 Hz, CHHE,), 1.26-1.45 (m,
12 H, 6 x G1,), 1.59-1.71 (m, 2 H, BHCHj), 3.99 (it, 1 HJ =
8.5, 2.4 Hz, O=CCHBCHOC=0), 4.76 (ddd, 1 H] = 10.0, 7.9,
3.4 Hz, O=CCCHEIOC=0), 5.11 (d, 1 H,J = 8.8 Hz,
0=COCHC=0), 5.88 (d, 1 H)= 2.3 Hz, C&iH), 6.60 (d, 1 H)
= 2.3 Hz, CCHH); 6c (125 MHz, CDC)): 14.2 (CH), 22.8
(CH,), 26.2 (CH), 29.3 (CH), 29.3 (CH), 29.5 (CH), 31.9
(CHy), 32.5 (CH), 41.9 (CH), 74.9 (CH), 80.6 (CH), 129.1
(CH,), 130.9 (C), 167.9 (C=0), 170.1 (C=Q)ax/ cMi* 2924w

(C-H), 2854w (C-H), 1767 (C=0), 1218m (C-O-C), 1053m (C-

0-C); m'z LRMS (ESI): 289.0 ([M+Na], 100%); HRMS (ES)
found 289.1414; GH,,O,Na [M+Na] requires 289.1410. Data
is in accordance to that reported in the literattire

4.8.18. epi-Ethisolide (major) 4 and ethisolide
(minor) 3

Using general procedure 6 wi3 (mixture of diastereomers,
0.1 g, 0.59 mmol), DMF (2.9 mL), and MeOMgO&\& (2.0 M
in DMF, 1.8 mL, 3.53 mmol) to give the correspondicrgide

9
acid. The crude acid was treated with the stocktisoiy(0.65
mL). The crude product (4.3:1 mixture of diastenecs) was
purified by FC (Pk-¢ / EtOAc, gradient from 2:1 to 1:2), to
give 4 and 3 (epi-ethisolide 4: 34 mg, 0.19 mmol, 34% and
ethisolide3: 3.6 mg, 0.02 mmol, 18%).

epi-ethisolided: R; (PEy -0/ EtOAC, 1:1) = 0.65, (500 MHz,
CDCly): 1.08 (t, 3 HJ = 7.5 Hz, CHH®l,), 1.85 (qd, 1 H)J =
7.0, 0.6 Hz, GIHCH;), 1.87 (qd, 1 HJ = 7.0, 0.9 Hz, CHCHj),
3.58 (ddt, 1 HJ) = 8.6, 3.9, 2.4 Hz, O=CQ4CH), 4.39 (id, 1 H,
J=6.5, 3.9 Hz, O=CCCHEB0C=0), 5.06 (dd, 1 H) = 8.9, 0.3
Hz, O=COQG1C=0), 5.88 (d, 1 H)= 2.2 Hz, CE&iH), 6.47 (d, 1
H, J = 2.2 Hz, CCHH); 8¢ (125 MHz, CDCJ): 9.2 (CH), 29.1
(CH,), 43.8 (CH), 74.4 (CH), 86.4 (CH), 126.5 (§H134.7 (C),
167.6 (C=0), 169.9 (C=O)max / cm* 2973w (C-H), 1771s
(C=0), 1293m (C-0O-C), 1216m (C-O-C), 1099m (C-O-C),
1059m (C-O-C);m/z LRMS (ESI): 183.0 ([M+H], 100%),
205.0 ([M+NaJ, 30%); HRMS (ES) found 205.0473;
CoH,g0.Na [M+Na] requires 205.0471. Data is in accordance to
that reported in the literatufd.

ethisolide3: R; (PEy-s0 / EtOAC, 1:1) = 0.3, (500 MHz,
CDCly): 1.12 (t, 3 HJ = 7.3 Hz, CHHGEl3), 1.55-1.64 (m, 1 H,
CHHCHj3), 1.72-1.80 (m, 1 H, CHCH_), 4.00 (tt, 1 HJ = 8.3,
2.5 Hz, O=CCEICHOC=0), 4.68 (ddd, 1 H] = 10.1, 7.9, 3.8
Hz, O=CCCHGIOC=0), 5.11 (d, 1 H,J = 8.8 Hz,
0=COCHC=0), 5.88 (d, 1 H) = 2.3 Hz, C&iH), 6.60 (d, 1 H)
= 2.3 Hz, CCHH); 6. (125 MHz, CDC)): 10.8 (CH), 25.9
(CH,), 41.8 (CH), 74.9 (CH), 81.9 (CH), 129.0 (gH130.9 (C),
167.9 (C=0), 170.0 (C=OWmax / cM* 2973w (C-H), 1772s
(C=0), 1208m (C-O-C)m/'z HRMS (ESI) found 205.04738;
CoH1004Na [M+Na] requires 205.04713. Data is in accordance
to that reported in the literatut®.

4.8.19. Discosiolide (major) 5 and iso-discosiolide
(minor) 6

Using general procedure 6 wis (mixture of diastereomers,
1.62 g, 5.74 mmol), DMF (15 mL), and MeOMgO@\@e (2.0 M
in DMF, 17.0 mL, 34.4 mmol) to give the correspomdirude
acid. The crude acid was treated with the stocktisolu6.40
mL). The crude product (9:1 mixture of diasteremshevas
purified by FC (Pk-¢ / EtOAc, gradient from 3:1 to 1:1), to
give 5 and6 as white solids (discosiolide 420 mg, 1.43 mmol,
28% andso-discosiolides: 17 mg, 0.06 mmol, 10%).

discosiolide5: R; (PEy-o/ EtOAC, 2:1) = 0.8y (500 MHz,
CDCl): 0.88 (t, 3 HJ = 7.2 Hz, CHHG®,), 1.27-1.50 (m, 16 H,
8 x (Hy), 1.75-1.86 (M, 2 H, BHCHy), 3.55 (ddt, 1 HJ = 8.5,
4.3, 2.3 Hz, O=CCHCHOC=0), 4.43 (ddd, 1 H] = 7.3, 5.9,
3.9 Hz, O=CCCHEIOC=0), 5.05 (d, 1 H,J = 8.5 Hz,
O=COMHC=0), 5.87 (d, 1 HJ = 2.2 Hz, C&H), 6.48 (dd, 1 H,
J = 2.2 Hz, CCHH): 8¢ (125 MHz, CDCJ): 14.3 (CH), 22.8
(CHy), 24.9 (CH), 29.3 (CH), 29.4 (CH), 29.5 (CH), 29.6
(CHy), 29.7 (CH), 32.0 (CH), 36.3 (CH), 44.4 (CH), 74.4 (CH),
85.2 (CH), 126.4 (Ch), 134.7 (C), 167.6 (C=0), 169.8 (C=O):
Ve | CM* 2924m (C-H), 2854m, 1780s (C=Ojz HRMS
(ESIN found 295.1910; GH,/0, [M+H]" requires 295.1904.
Data is in accordance to that reported in the liteed"

iso-discosiolide6 R; (PEy-s0 / EtOAc, 2:1) = 0.3;84 (500
MHz, CDCL): 0.88 (t, 3 HJ = 7.1 Hz, CHHGH;), 1.26-1.69 (m,
18 H, 9 x @), 398 (t, 1 H,J = 85, 2.4 Hz
O=CCMHCHOC=0), 4.75 (ddd, 1 HJ = 10.2, 8.0, 3.5 Hz,
0O=CCCHM®OC=0), 5.10 (d, 1 H) = 8.7 Hz, O=COEIC=0),
5.88 (d, 1 H,J = 2.3 Hz, CE&iIH), 6.61 (d, 1 HJ = 2.3 Hz,
CCHH); 8¢ (125 MHz, CDC}): 14.3 (CH), 22.8 (CH), 26.2
(CH,), 29.3 (CH), 29.4 (CH), 29.5 (CH), 29.6 (CH), 29.7
(CH,), 32.0 (CH), 32.6 (CH), 41.9 (CH), 74.8 (CH), 80.1 (CH),
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129.1 (CH), 130.9 (C), 167.9 (C=0), 170.0 (C=Q@);,/ cm"
2924m, 2853w (C-H), 1767s (C=0), 1218miz HRMS (ES)
found 295.1904; GH,;O, [M+H] " requires 295.1904.

4.8.20. Di-tert-butyl 2-(pent-4-en-1-yl)malonate 36

Tetrahedron

(C=C),. 1252m, 1139s (C-O-C)mz HRMS (ESI) found
361.2373 ; GH330, [M+H] " requires 361.2373.

4.8.23. tert-Butyl (1S*,3aS*,6aS*)-3-0x0-1-
phenyltetrahydro-1H-cyclopenta[c] furan-3a(3H)-

Using general procedure 7 with NaH (1.2 g, 28.9 mmol, 6 ca@rboxylate 39-maj and tert-

wt% in mineral oil), ditert-butyl malonate (6.5 mL, 28.9 mmol)
in anhydrous DMF (90 mL), and the corresponding rajke
mesylaté® (1.9 g, 11.6 mmol) and KI (1.9 g, 11.6 mmol) in
anhydrous THF (58 mL) gave crude material that wagipd by
FC (PEy-so/ EtOAC, 95:5), to gives as a colourless oil (2.36 g,
8.3 mmol, 72% yield). R= 0.8 (PEy-¢o/ EtOAC, 95:5);5 (400
MHz, CDCL): 1.40-1.44 (m, 2 H, C}CH,CH,, masked), 1.45 (s,
18 H, OCQH,), 1.81 (dt, 2 HJ = 8.2, 7.6 Hz, CKCH,CH), 2.07
(ddt, 2 H,J = 14.2, 6.9, 1.3 Hz, CHCH&,CH;,), 3.12 (t, 1 HJ =
7.6 Hz, CHCH,CH,CH), 4.95 (ddt, 1 HJ = 10.2, 2.0, 1.2 Hz,
CHHCHCH,), 5.01 (dg, 1 HJ = 17.2, 1.6 Hz, CHCHCH,),
5.78 (ddt, 1 HJ = 17.2, 10.4, 6.8 Hz, CHH@CH,); 5. (100
MHz, CDCk): 26.5 (CH), 27.9 (CH), 28.0 (CH), 33.4 (CH),
53.8 (CH), 81.2 (C), 114.8 (GN 138.2 (CH), 168.9 (C=O¥nax

/ cm* 2979w (C-H), 1727s (C=0), 1393m, 1138s (C-O-@
LRMS (ESI): 307.2 ([M+Na], 67%), 591.4 ([2M+Nd] 100%);
HRMS (ESI) found 307.1874; GH,sO,Na [M+Na] requires
307.1879.

4.8.21. tert-Butyl (3aS*,6aS*)-3-oxotetrahydro-1H-
cyclopenta[ c] furan-3a(3H)-carboxylate 38

Using general procedure 4 wits6 (100 mg, 0.35 mmol),
Mn(OAC);*2H,O (282 mg, 1.1 mmol) and KI (29 mg, 0.18
mmol) in MeCN (2.4 mL) gave crude material that wasiffed
by FC (PEq.g0/ EtOAC, gradient from 14:1 to 12:1) to gi@8 as
a white solid (37 mg, 0.16 mmol, 46% yield). R0.4 (PEg.eo/
EtOAc, 8:1);38, (400 MHz, CDC}): 1.46 (s, 9 H, OCH,), 1.57-
1.66 (m, 2 H, CHHEIHCHHCC=0, GH{HCHHCHHCC=0),
1.74-1.83 (m, 1 H, CHHCHCHHCC=0), 1.99-2.09 (m, 1 H,
CHHCHHCHHCC=0), 2.14-2.21 (m, 1 H,
CHHCHHCHHCC=0), 2.29-2.37 (m, 1 H,
CHHCHHCHHCC=0), 2.98-3.04 (m, 1 H,HCHHOC=0), 4.07
(dd, 1 H,J=9.2, 2.2 Hz, CHEHOC=0), 4.52 (dd, 1 H, J = 9.2,
7.4 Hz, , CHCHHOC=0); 6 (100 MHz, CDC}): 26.1 (CH),
27.9 (CH), 34.1 (CH), 34.2 (CH), 46.1 (CH), 62.7 (C), 73.2
(CH,), 82.9 (C), 169.0 (C=0), 177.1 (C=Ql;ax/ cmi* 2975w
(C-H), 2874w (C-H), 1769s (C=0), 1732s (C=0), 1369m,7h25
(C-0-C), 1139s (C-O-C)m/z LRMS (ESI): 227.0 ([M+HT,
100%); HRMS (ES) found 227.1280; GH,0, [M+H]"
requires 227.1278.
4.8.22. Di-tert-butyl (E)-2-(5-phenylpent-4-en-1-
yl)malonate 37

Using general procedure 7 with w@rt-butyl malonate (8.4

mL, 37.4 mmol) and NaH (1.5 g, 37.4 mmol, 60 wt% imenal
oil) in DMF (65 mL), and the corresponding phenykealyl

butyl (1R*,3aS*,6aS*)-3-oxo-1-phenyltetrahydro-

1H-cyclopenta[c] furan-3a(3H)-carboxylate 39-min
Using general procedure 4 witB7 (60 mg, 0.17 mmol),

Mn(OACc);*2H,O (134 mg, 0.49 mmol) and Kl (28 mg, 0.17

mmol) in MeCN (1.1 mL) gave crude material that wasified

by FC (PEq_s/ EtOAC, gradient from 20:1 to 10:1) to gig8e as

a white solid (49 mg, 0.16 mmol, 88%, isolated a®9:a

inseparable mixture of diastereomershalysisis on the mixture

of diastereomers but only data for the major diastereomer is

reported). R = 0.2 (PBo. &/ EtOAc, 12:1);3, (500 MHz,
CDCL): 138 (s, 9 H, OCHy), 170 (m, 1 H,
CHHCHHCHHCC=0), 1.89-2.05 (m, 3 H,
CHHCHHCHHCC=0, G{HCHHCHHCC=0 and

CHHCHHCHHCC=0), 2.27 (ddd, 1 H] = 12.8, 6.7, 2.3 Hz,
CHHCHHCHHCC=0), 2.41 (ddd, 1 HJ = 13.4, 11.3, 6.7 Hz,
CHHCHHCHHCC=0), 3.06-3.09 (m, 1 H, ICHOC=0), 5.02
(d, 1 H,J = 4.6 Hz, CHBIOC=0); 3¢ (500 MHz, CDCJ): 25.7
(CH,), 27.8 (CH), 34.0 (CH), 35.0 (CH), 54.8 (CH), 63.3 (C),
82.9 (C), 86.1 (CH, 125.5 (2 x CH), 128.5 (CH), 12@8&CH),
140.4 (C), 169.5 (C=0), 176.6 (C=Q)y / cMi* 2976w (C-H),
1773s (C=0), 1732s (C=0), 1455w (C=C), 1394m, 1256m,
1144s (C-O-C):m/iz LRMS (ESI): 325.2 ([M+Na], 100%):
HRMS (ESI) found 325.1410; GH,,O,Na [M+Na] requires
325.1410.
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