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Abstract

A series of 2(bl)-furanones, bearing a 1,2-dioxyethyl substituénhaj-carbonyl position, have
been prepared and explored as substrates in pleohocdl reactions with alkenes. Compared to
the simpler oxymethyl analogues, the homologatibthe side chain is highly beneficial to the
antifacial selectivity of the [2+2] cycloadditionMost reactions occur in synthetically useful
yields, giving access to new polyfunctionalizedlopatane-fused furanones.

Keywords: Furanones, photochemistry, [2+2] cycloadditionstikeeoselectivity

Introduction

There are many natural products, which incorporateéheir substructure a 2H-furanone
subunitt Many of these compounds display a variety of ljial activities and have thus
attracted the interest of synthetic organic chesni$he furanone ring is also present in some
unnatural drugs including antifungal, antibacter@ad anti-inflammatory agents. Moreover,
several chiral substituted 2{)furanones, which are readily available in enangacally pure
form from chiral pool materials, have been usethasstarting substrates for the preparation of
an assortment of targeted compounds of challengingctures with diverse complexity and
potential utility. Among them, we focused our atien on several compounds with a
polysubstituted cyclobutane framewtfk and over the years, we have developed
enantioselective synthetic approaches to variousrgohone3'® and cyclobutane nucleoside
analogues!™ some of them built on a 3-oxabicyclo[3.2.1]heptanaffold. In these syntheses,
the cyclobutane core was generated through a utieated [2+2] cycloaddition of a -
furanone derivative to ethylene or another alkéne.
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The [2+2] photocycloaddition is in fact one of thepcesses more extensively applied to
generate cyclobutane rifgs®and a critical aspect is the control of the reacttereochemistry.
Previously, we used 5-oxymethyl-2{bfuranonesl, as the starting substrates (Scheme 1) and
we verified that the attack of ethylene occurs gnegfitially by the face opposite to the substituent
of the furanone, although the degree of facialrdisoation was influenced by the nature of this
substituent, steric and electronic factors beinglay!®?? Among the studied substrates, the
pivaloyl derivativela displayed the higher antifacial selectivity, altgbuthe presence of a
vinylic methyl group,1b, was detrimental to the diastereoselectivity, @asing the amount of
the isomer derived from the competitive synfacethpvay.

‘BuCO, oo hv BuCO, o ‘BuCO,
= ethylene O e
R R”:_ZTH
1a,R=H 49% 2a, (56% de)
1b, R = Me 70% 2b, (24% de)
anti

Scheme 1Photocycloaddition of furanonds-bto ethylene.

In further studies on th€,-symmetric bislactone4 (Figure 1), we found higher degrees of
antifacial selectivity in their photoreactions wigthylene even when methyl groups were
attached to th-carbonyl position, and we observed that the ptategroups of the central diol
unit had a noticeable influence on the diastereafaelectivity, which is almost complete with
the TMS protectio’® Unfortunately, the elaborated preparation of thaseones restricts their
synthetic application. For this reason, we consideof interest to explore the performance of
the more accessible 2§3furanoness, bearing also a 1,2-dioxyethyl unit as the substit at
they-carbonyl position, as substrates in photochemmg&attions with alkenes. To the best of our
knowledge, there is no report dealing with [2+2]ofdtycloadditions of these oxymethyl
homologues ofl. We anticipated that the facial selectivity of itheycloadditions could be
significantly improved in respect to that of lactsid, provided that a favorable combination of
steric and electronic factors diminished the adbéig of the synface. Moreover, lactones
were visualized as interesting chiral synthons wgbod opportunities for subsequent
diastereoselective transformations. In this artigke describe the preparation of lactoash
and their [2+2] photocycloadditions to alkenes.
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aR=H; R =FEt aR'=Bn;R?=H;R®=H
bR= H; R'=Bn R1O_//,,‘ OR2 b R1 = Bn; RZ = COtBU; RS =H
eR=Me R =TMS H \ dR'=Bn; R2= TBDMS; R® = H

RS eR'=COBuU;R?=H;R®=H
da-e 5a-h f R'=COBu; R?=CO'Bu; R®=H
g R'=COBu; R2=COBu; R® = H
hR'=COBu; R?2= COBu; R® = Me

Figure 1. Bislactonest previously studied and 5-(1,2-dioxyethyl)-B{bfuranoness used in the
present study.

Results and Discussion

Benzyl and pivaloyl were chosen as the protectregs of the primary alcohol. Benzyl was
selected because it was expected that an aroneatitue could be involved into a benefical
stacking interaction with the carbon-carbon douied of the lactone, shielding tlsgn face
more effectively and hence preventing the approafcithe alkene. On the other hand, the
pivaloyl group had previously displayed the betliasteroselectivity in the former tyddactone
series. The secondary hydroxyl was either unpreteot derivatized to a sterically demanding
group.

Lactone5a was prepared from (+)-dimethyitartrate by a previously described proceétire
and it was then converted into the new lactods 5c and 5d, following standard
methodologies. The synthesis of the pivaloyl deiweabe was accomplished through a similar
sequence to that described ¥& (Scheme 2). Thus, (+)-dimethyitartrate,6, was transformed
into 2,30O-isopropylidenec-threitol (7) by a described procedure which involves acetabmati
followed by reductiorf> After several attempts of monopivaloylation of ynmetric diol7,
the best regioselectivity was obtained by absorkimg diol over silica gel and treating a
suspension of this silica gel in hexane with piyalohloride and pyridiné® Under these
conditions, the starting diol was recovered in @ad the monopivaloa& was isolated in 41%
yield (61% over consumed), along with a minor quantitiy of the dipivaloykdvative (15%
yield). The alcohoB was then subjected to the Swern oxidatiorfurnish the corresponding
aldehyde, which without any purification was redctéth PRP=CHCQMe in dry methanof!
delivering a 7:1 mixture of the expectef)-(and E)-a,p-unsaturated esters. On treatment with
methanolic hydrogen chloride, this mixture affordkd targeted lactortee in 51% yield for the
three steps, along with th&){a,f-unsaturated estér in 7% vyield. Lactone®f and 59 were
prepared frombe following standard procedures. Finally, the funa@®h, bearing a methyl
group at thes-carbonyl position, was prepared by treatmenbfofvith diazomethane, followed
by pyrolysis of the corresponding pyrazolib@ in refluxing 1,4-dioxane, in overall 55% vyield
(Scheme 3).
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a) DMP, acetone, HCI >< ><

(95%) Q0 PivCl, DMAP, py, SiO, Q0

s . g 9 S
MeO,C  CO,Me b) LiAIH,, THF HO—" OH 63% PivO—" OH
6 (62%) 7 8

HO OH

a) Swern oxidation HO OH

b) PhsP=CHCO,Me, MeOH PivO—.,, ,OH
(0] N
¢) HCI (3 M), MeOH Hﬁ(_/v/o , Pivo_\\_K:\
H \= CO,Me

5e (51%) 9 (7%)

Scheme 2Preparation of the pivaloyl derivatige

PivO—., OPiv
PivO—.,, JOPIV CH2N; H/%;O A
H\ OO0 THF H \ dioxane
& e
N
5f 10 5h

Scheme 3Preparation of thg-methyl derivativesh.

For the photochemical study, the furanoBash in acetone solutions saturated with ethylene
were irradiated through a Pyrex vessel with a 125gh-pressure mercury lamp at -2G
(Table 1). The progress of the cycloaddition wasitaoed by GC and the irradiation was
prolonged until complete conversion of the starfimgainone. The cycloadductsti 11a-h and
syn 12a-h were then purified through silica gel column chadography and individually
characterized.

The photocycloaddition of5a to ethylene delivered the two expected cyclobutane
diastereomerdlaand12ain good yield with a very good degree of antifacelectivity (Table
1, entry 1). Introduction of the bulky pivaloyl gro at the secondary alcohol as in the reference
substratela diminished the rate of the cycloaddition and didt produce a substantial
improvement of the facial discrimination (Tableehtry 2). This could be in agreement with a
greater influence of the expectedtacking interaction with the participation of thenzyl group
(Figure 2,A) over the steric barrier exerted by the pivalogsidue. Nevertheless, the free
hydroxyl group in5a can enable intramolecular hydrogen bonding withdhrbonyl oxygen of
the lactone (Figure 2B) that can lead to very efficient hindrance of thyn face. The
photoreaction of the benzoyl derivative (entry 3swfaster but occurred with lower facial
selectivity. This observation argues against thestacking hypothesis but a competitive
interaction between the two aromatic rings in ffasticular substrate cannot be totally discarded
(Figure 2,C). In agreement with the precedents, the TBDMSvdékie 5d (entry 4) displayed
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the highest diastereoselectivity within this seridslivering exclusively thanti cycloadduct
11d, although in slightly lower yield, despite the qaete consumption of the starting furanone.
The cycloadduct yields within the primary pival®dries of furanones were also good (Table 1,
entries 5-7), with very good diastereoselectivitfes the diester derivativeSf and 5g and
somewhat lower for the substrate bearing the sergridee alcohobe Apparently, the size of
the acyl group does not play a decisive role indteeeochemical outcome of the reaction. We
conclude that, in the photocycloadditon to ethylehe efficiency of the process in all the cases
is superior to that previously found fte, both in terms of yield and antifacial selectivifiyo
evaluate the influence of a methyl group attachedhe f-carbonyl position on these new
substrates, lactorteh was irradiated under the same conditions (Tabknfry 8). This reaction
delivered the corresponding cycloaddugtsh and 12h in good yield although thanti:syn
selectivity decreased, as it has been observeatidgrarallel process frodb.

Table 1.Photocycloaddition of lactoném-h to ethylene

R'0—, ,OR? R'0—,, JOR® R'0—,, JOR
H}%if o ethylene H/%ETO H \\ O _o
H\\s . hv, pyrex, acetone= H\“‘ { + H g
R3 R¥: _='H R®
5a-h 11a-h 12a-h
anti syn
Entry Furanone R R? R® Time  Yield® anti-1Lsyn-12° de
(min) (%) (%)
1 5a Bn H H 130 78 8:1 78
2 5b Bn COBu H 320 74 9:1 80
3 5¢c Bn Bz H 95 70 4:1 60
4 5d Bn TBDMS H 210 58 onhanti-11d 100
5 5e COBu H H 365 78 6:1 72
6 5f COBu COBu H 400 77 9:1 80
7 59 COBu COBu H 300 83 9:1 80
8 5h COBu COBu Me 300 88 4:1 60

 Yield of isolated product as a mixture of steremigrs after column chromatography
purification. ® Isomer ratio fromH NMR and GC analysis of the of the isolated migtaf
products® 10% of startingpe was recovered.11% of startingh was recovered.
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Figure 2. Conformers oba with zstacking interaction (A) or intramolecular hydrageonding
(B) and conformer dbc with zstacking interaction involving the benzoyl gro@).(

The structural elucidation of the new cyclobutamas supported by NMR analysis of pure
isolated samples, including mono- and bidimensi@xaleriments. Once the signal correspond-
ing to the protons attached to C-4 and C-5 aretiitkh the value of the coupling constant
between these two protodss can be used as a reliable diagnostic for assigtiia@nti/syn
relative configuratior.”® Thus, for theanti isomersl1 the J, 5 values were in the range from 0
to 2.3 Hz, while for thesyn isomers12 oscillate between 5.2 and 5.7 Hz (Table 2). These
coupling constants were determined on the sigraesponding to H-4, because in most cases
the signal of H-5 overlapped with other cyclobutgmetons. Unfortunately, for the TBDMS
derivative1ld, the signal of H-4 is also masked by that of tkezyl protons and, hencé,s
could not be determined, but we assumed that thly @noduct isolated from the
photocycloaddition obd should have thanti configuration.The stereochemical assignment of
the isomersl1W12h, lacking the proton at C-5, was deduced from*ff@echemical shift of the
S-methyl group, which is more sterically compressetheanti isomer (17.5 ppm) compared to
thesyn(22.0 ppm).

Previously, we developed an alternative entryusefl cyclobutane furanones that avoided
the use of ethylefi@and we decided to explore this option also onnie substrates. As such,
lactones5a and 5e were irradiated in acetonitrile solutions contagiian excess ofZ}-1,2-
dichloroethylene and, without isolating the indwad isomers, the product mixture of
dichlorocyclobutanes was reduced by treatment writbutyltin hydride and AIBN in THF
(Scheme 4). This protocol applied3e gave a 7:1 mixture dileand12ein 67% overall yield.
Hence, the antifacial selectivity is similar to tlodtained with ethylene from the same substrate
(Table 1, entry 5) and, although the total yieldslghtly lower, this procedure may have
practical advantages when working on a larger statéortunately, the same protocol applied to
5adid not lead to any identifiable products.
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Table 2. Significant NMR data of compounddand12

R1O_//,, OR2 R1O_//,'
H 00 )
H \s \

H=_H
11 12
anti syn
Compound R R? SH-4 SH-5  Jie (H2)
11a Bn H 4.38 ~3.1 2.3
12a Bn H 4.47 ~3.1 5.2
11b Bn COBu 4.70 ~3.0 2.0/1.1
12b Bn COBu 4.72 ~3.1 5.3
11c Bn Bz 4.80 ~3.0 0.8
12c Bn Bz 4.88 ~3.0 5.6
11le COBu H 4.40 ~3.1 2.2
12e COBu H 4.44 ~3.2 5.4
11f COBu COBu 4.58 ~3.0 2.2/1.0
12f COBu COBu 4.58 ~3.2 5.2
119 COBu COBu 4.55 ~3.0 2.3/1.0
129 COBu COBu 4.68 ~2.5 5.7
10—, ,OH R'0—.,, ,OH
"o H%O N R BusSnH, AIBN H\ 00
H\“‘ . M\L L + H o
5aR'=Bn 11e R' = COBu 12e R' = COBu
5e R' = COBu anti syn

Scheme 4. Photocycloaddition of5a and 5e to (£)-1,2-dichloroethylene and subsequent
reductive treatment.

To broaden the synthetic applicability of the ogdducts, we investigated the photocyclo-
addition of5b and5f to 1,1-diethoxyethylene (Scheme 5). In contragh&previous reactions,
this cycloaddition is amenable to produce regiosmndepending on theead to tail(HT) or
head to headHH) orientation of the two reagents. Moreoverchearientation may occur, as
before, through aanti- or synfacial approach, overall producing up to four isosnén previous
studies withla and other similar lactones, we observed that, @vatpto acetonitrile, the less
polar solvents favored the HT regioisomer and deme the antifacial selectivify. The
photocycloadditions of lactoné&d and5f were assayed in acetonitrile, diethyl ether andhe,
in the presence of an excess of 1,1-diethoxyetkylerable 3). In all these solvents, the
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irradiation of5b was completely regioselective, furnishing exclesnthe HT adductd3b and
14b in moderate yields (Table 3, entries 1-3). Corelgran the irradiation of lactongf under
identical conditions (Table 3, entries 4-6), the-Hiiti cycloadduclL5f was detected as a minor
product, with the higher proportion in acetonitrde the solvent, as expected. The antifacial
selectivity was quite similar in all the cases, being influenced by the solvent polarity.

Table 3.Photocycloaddition of lactoné&d and5f to 1,1-diethoxyethylene

Entry  Furanone Solvent Time Yield® 1314:15:16@ HT:HH anti: syn

(min) (%)
1 5b MeCN 120 54 79:21:-:- onMT 4:1
2 5b EtO 300 44 76 :24 - ;- onl{T 3:1
3 5b hexane 120 61 79 :21 :- :- only HT 4:1
4 5f MeCN 210 81 64:16:20:- 4:1 5:1
5 5f Et,O 150 41 75:21:4:- 24:1 4:1
6 5f hexane 270 74 75:21:4:- 24:1 4:1

 Yield of isolated product as a mixture of steremigrs after column chromatography
purification.” Isomer ratio from GC analysis of the isolated migtof products.

R1O—, OCOBu OEt R'O—., OCOBu R1O—., OCOBu R'O—, OCOBu
' :< H™\ O H™\ O H
H™\ O o OEt 0 o 0
H \— _— H ) { + H }\ { + R
hv, quartz, CH;CN H'Z =H H:= *H N
EtO OFt EtO OFt EtO OEt EtO OEt
5bR'=Bn 13bR"=Bn 14b R'=Bn 15b R" = Bn 16b R' = Bn
5f R = CO'Bu 13f R' = COBu 14f R = CO'Bu 15f R' = CO'Bu 16f R = CO'Bu
HT-anti HT-syn HH-anti HH-syn

Scheme 5Photocycloaddition obb and5f to 1,1-diethoxyethylene.

Conclusions

A series of 2(Bl)-furanoness bearing a 1,2-dioxyethyl unit as the substitugrtha y-carbonyl
position were prepared and explored as substratgshotochemical reactions with alkenes
compared to the simpler oxymethyl analogie¥he additional oxymethyl fragment was highly
beneficial to the antifacial selectivity of the hHcycloadditions to ethylene, reaching in most
cases diastereomeric excesses around 80%. Furtteeri@-dichloroethylene, as a solid
surrogate of ethylene, was also used to preparssatine cyclobutane products in a more practical
way. The photoreaction of lactorgb to 1,1-diethoxyethylene showed a complete regio-
selectivity towards the head to tail orientatiardependently of the solvent, while thatséfwas
less regioselective and solvent dependent. Foralkisne, the antifacial selectivity was lower
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than that observed for ethylene. Most reactionsuiwed in synthetically useful yields, giving
access to new polyfunctionalized cyclobutane-fuseanones that may be further elaborated to
natural or unnatural cyclobutanes of interest.

Experimental Section

General. Unless otherwise noted, analytical grade solvantscommercially available reagents
were used without further purification. Solventsrgvpurified and dried by standard procedures.
The solutions were concentrated using a rotary @edpr at 15-20 Torr. Analytical thin layer
chromatography (TLC) was performed on 0.25 mm ailjel 60-F plates and visualized by
ultraviolet irradiation and KMn@ stains. Gas chromatography (GC) analysis was peed
using across-linkedcapillary column with 5% dimethylsilicone. Flasblemn chromatography
(FCC) was carried out on silica gel (230-400 mebtglting points were determined at the hot
stage and are uncorrected. Optical rotations wesasored on a Propol Automatisches Dr
Kermchem polarimeter'H NMR spectra were recorded at 250 or 360 MHz & NMR
spectra at 62.5 or 90 MHz in CDCsolutions unless otherwise indicated at Bervei de
Ressonancia Magnetica Nuclear de la UniversitabAatna de Barcelonaicroanalyses, Mass
Spectrometry analysis, and IR spectra were perforatetheServei d’Analisi Quimica de la
Universitat Autonoma de Barcelon8Compound5a was prepared following a literature
proceduré?

(59)-5-[(19)-2-Benzyloxy-1-pivaloyloxyethyl]-2(%)-furanone (5b). Pivaloyl chloride (0.53
mL, 4.30 mmol) was added to an ice-cooled soluttdrba (500 mg, 2.13 mmol) and dry
pyridine (1 mL) in dry CHCl, (5 mL) under a nitrogen atmosphere. The mixture st&red
overnight as it came to room temperature. The sblveas removed and the resulting oily
residue was purified by FCC (hexanes/EtOAc, 4:19ftord thetitle compoundbb as a colorless
oil (585 mg, 86%): o —74 € 2.8, CHC}). IR (ATR): 3090, 3064, 3031, 2970, 2870, 1759,
1729, 1603 ci. *H NMR (250 MHz, CDC}) & 7.39 (dd,Js3 5.7 Hz,Jds5 2.2 Hz, 1H, H-4),
7.55-7.15 (m, 5H, H-Ar), 6.12 (ddg4 5.7 Hz,J35 1.6 Hz, 1H, H-3), 5.42-5.34 (m, 1H, H-5),
5.26 (dddJ 7.2, 6.0, 2.5 Hz, 1H, CHO), 4.64 (@,em 11.4 Hz, 1H, CkHPh), 4.58 (dJgem 11.4
Hz, 1H, CHPh), 3.82 (ddJ 9.7, 7.2 Hz, 1H, CkD), 3.69 (dd)J 9.7, 6.0 Hz, 1H, CkD), 1.14 (s,
9H, t-Bu). ®*CNMR (62.5 MHz, CDC}) & 177.2 (C=0), 172.1 (C=0), 152.6 (C-4), 137.2,
128.3, 127.7, 127.4 (C-Ar), 122.2 (C-3), 81.3 (C-B3.4 (CHO), 68.9 (CHO), 67.8_(CPh),
38.6 (MeC), 26.7 (MgC). MS (ESI)m/z (%): 319.1 (M+H, 2), 341.1 (M+N§ 20), 357.1
(M+K™, 100). Anal. Calcd. for GH»:0s: C, 67.91; H, 6.97. Found: C, 67.57; H, 7.02%.
(59)-5-[(19)-1-Benzoyloxy-2-benzyloxyethyl]-2(Bl)-furanone (5c¢) Benzoyl chloride (0.5 mL,
4.31 mmol) was added dropwise to an ice-cooledtisoluof 5a (502 mg, 2.14 mmol) and
pyridine (I mL) in dry CHCI, (5 mL) under a nitrogen atmosphere. The mixturs st@red
overnight as it came to room temperature. The sblvas removed and the resulting oil was
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purified by FCC (hexanes/EtOAc, 4:1) to give thlike compoundbc as a colorless oil (664 mg,
92%): [a]o —58 € 2.8, CHCh). IR (ATR): 3031, 3062, 2922, 1718, 1758, 1600"cd NMR
(250 MHz, CDC}) &4 7.97-7.93 (m, 2H, H-Ar), 7.60 (t8,7.2, 1.2 Hz, 1H, H-Ar), 7.50-7.30 (m,
8H, H-Ar, 1H, H-4), 6.12 (ddJ);4 6.2 Hz,J35 2.0 Hz, 1H, H-3), 5.56-5.46 (m, 2H, H-5, CHO),
4.67 (d,Jgem 12.0 Hz, 1H, CHPh), 4.60 (dJgem 12.0 Hz, 1H, CHPh), 3.95 (ddJ 12.0, 6.9 Hz,
1H, CH,0), 3.84 (dd, 12.0, 5.6 Hz, 1H, CpD). **C NMR (62.5 MHz, CDG) & 172.8 (C=0),
165.9 (C=0), 153.2 (C-4), 137.8, 134.0, 130.5, 23029.4, 128.9, 128.4, 128.2 (C-Ar), 123.2
(C-3), 82.0 (C-5), 74.1 (C#D), 70.7 (CHO), 68.5_(CHPh). MS (ESI)m/z (%): 361.1 (M+N3,
15), 377.1 (M+K, 100). HRMS (FAB+): calculated for pgH1s0s+H]" 339.1232; found,
339.1224.

(59)-5-[(19)-2-Benzyloxy-1tert-butyldimethyilsilyloxyethyl]-2(5 H)-furanone (5d). To a
stirred and ice-cooled solution 6B (533 mg, 2.28 mmol) in dry Gi&l, (10 mL) under a
nitrogen atmosphere were added a solution of inoi@ga@49 mg, 6.60 mmol) in dry GBI, (3
mL) and a solution ofert-butyldimethylsilyl chloride (986 mg, 6.54 mmol) gry CHCl, (2
mL). The mixture was stirred at room temperatureroight. The solvent was evaporated and the
resulting residue was purified by FCC (hexanes/EtO#fom 9:1 to 4:1) to afford thétle
compoundsd (752 mg, 95%) as a colorless dik]p —58.5 € 0.6, CHC}). IR (ATR): 2928,
2856, 1788, 1754, 1471 ¢m'™H NMR (360 MHz, CDCY) & 7.41 (dd,J435.7 Hz,Js5 1.6 Hz,
1H, H-4), 7.39-7.29 (m, 5H, H-Ar), 6.12 (dd4 5.7 Hz,J35 2.0 Hz, 1H, H-3), 5.19 (broad s,
1H, H-5), 4.57 (dJgem11.8 Hz, 1H, ChPh), 4.52 (dJgem 11.8 Hz, 1H, CHPh), 4.02 (ddd] 6.7,
5.3, 3.7 Hz, 1H, CHO), 3.62 (dd,9.6, 6.7 Hz, 1H, CkD), 3.51 (ddJ 9.6, 5.3 Hz, 1H, C}D),
0.86 (s, 9H1-Bu), 0.06 (s, 6H, SiMg. *C NMR (90.0 MHz, CDCYJ) & 173.1 (C=0), 154.0 (C-
4), 137.7, 128.5, 127.8, 127.7 (C-Ar), 122.4 (C&).,0 (C-5), 73.6_(CHPh), 71.2 (CHO), 70.9
(CHO), 25.7 (MeC), 18.0 (MeC), -4.6 (SiMe), -4.9 (SiMe). HRMS (FAB+): calcutak for
[C19H2804Si+H]+ 371.1649; found, 371.1647.

4-O-Pivaloyl-2,3-O-isopropylidene- -threitol (8). Silica gel (10 g) was added to a solution of
2,3-O-isopropylidene L-threitol®) (10.19 g, 62.8 mmol) in CKl, (500 mL) and the suspension
was stirred vigorously for 10 min. The solvent wasoved and hexane (1 L) and pyridine (10
mL) were added. The suspension was cooled’&t &nd pivaloyl chloride (7.5 mL, 60.8 mmol)
was added dropwise under a nitrogen atmospherereBading suspension was stirred overnight
at room temperature. Then, it was placed in a chtography column and washed with £H)
until all the organic material was eluted. The solvwas evaporated and the resulting oil was
purified by FCC (from hexanes/EtOAc 1:1 to EtOA@)dfford the following fractions: (i) the
dipivaloyl derivative8a (2.04 g, 10%); (ii) the monopivaloa8(6.34 g, 41%); and (iii) starting
material7 (3.37 g, 33%).

8. [a]p +24.1 € 2.1, CHC)). IR (ATR): 3492, 2982, 2936, 2876, 1731, 1397'ciH NMR
(250 MHz, CDCY): &y 4.25-4.15 (m, 2H, 2H-1), 4.15-4.05 (m, 1H, H-293(ddd,J; > 8.0 Hz,
Js4 4.4 Hz,J34 3.7 Hz, 1H, H-3), 3.80 (ddlgem 11.9 Hz,Js3 3.7 Hz, 1H, H-4), 3.65 (ddlgem
11.9 Hz,J,3 4.4 Hz, 1H, H-4), 2.10 (s, 1H, OH), 1.45 (s, 6HeM), 1.24 (s, 9Ht-Bu).
13C NMR (62.5 MHz, CDC}) & 178.8 (C=0), 110.0 (M€); 78.7 (C-2), 75.4 (C-3), 64.0 (C-4),
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62.2 (C-1), 39.3 (M&£L), 27.6 (Me). MS (El)m/z (%): 231 (M—-15, 45). Anal. Calcd. for
Ci12H220s: C, 58.52; H, 9.00; found: C, 58.51; H, 8.97%.

8a. [¢]p +0.9 € 2.2, CHCh). IR (ATR): 2972, 2933, 2873, 1731, 1397 tniH NMR (250
MHz, CDCk) o4 4.28 (dddJgem 11.9 Hz,J1 =43 2.7 Hz,J15=ds2 1.4 Hz, 2H, H-1, H-4), 4.18
(ddd,Jgem11.9 Hz,015=Ja32.7 Hz,J15=ds 2 1.4 Hz, 2H, H-1, H-4), 4.08-4.04 (m, 2H, H-2, H-3)
1.41 (s, 6H, @CMe,), 1.20 (s, 18H, 2 *-Bu). *C NMR (62.5 MHz, CDC}) & 177.7 (C=0),
109.5 (MeC), 75.6 (C-2, C-3), 63.0 (C-1, C-4), 38.5 (28, 26.9 (MgC), 26.7 (MeC). MS
(El) m/z(%): 315 (M-15, 66).

(59)-5-[(19)-1-Hydroxy-2-pivaloyloxyethyl]-2(5H)-furanone (5e¢) A solution of alcohol8
(5.06 g, 20.5 mmol) in dry Ci&l, (20 mL) was added dropwise to a stirred solutiboalyl
chloride (1.9 mL, 21.8 mmol) and DMSO (3.1 mL, 4&ihol) in dry CHCI, (60 mL) at -78 °C
under a nitrogen atmosphere. The mixture was dtifwe 30 min, triethylamine (12 mL) was
added dropwise and the solution was allowed tolhreaom temperature. Then, the solvent was
evaporated, the resulting residue was dissolv&eHsCl, (75 mL) and the solution was washed
with brine (2 x 30 mL). The organic fraction wasedr (MgSQ) and the solvent evaporated to
give a residue that was used in the next step withather purification. (Methoxycarbonyl-
methylene)triphenylphosphorane (7.22 g, 21.6 mm@$ added in small portions to a gently
stirred solution of this oily residue in methandD(mL), and the mixture was stirred at room
temperature overnight. The solvent was removedthadesulting solid residue was extracted
(E,O, 2 x 50 mL). The ether was removed under vacunththe residue was dissolved in
methanol (50 mL) and cooled to°G. While vigorously stirring, concd. HCI was slowdglded
(16.6 mL) and stirring was continued for 30 min rabm temperature. The solvent was
evaporated and the residue was purified by FCC aftes(EtOAc, 1:1) to afford thatle
compoundbe (2.4 g, 51%) as a colorless solid and tBed,f-unsaturated esté& (395 mg, 7%)
as a colorless oil.

5e Mp 88-91 °C (hexanes/EtOAc)a]p —66.5 € 2.6, CHC}); IR (ATR): 3428, 2973, 1746,
1696 cn'. *H NMR (250 MHz, CDC}) & 7.52 (dd, 1HJ43 5.8 Hz,J45 4.5 Hz, H-4), 6.25 (dd,
1H, J345.8 Hz,J35 2.2 Hz, H-3), 5.16-5.10 (m, 1H, H-5), 4.32 (dd,,H.0.8, 6.1 Hz, ChD),
4.24 (dd, 1HJ 10.8, 4.5 Hz, CED), 4.17-4.05 (m, 1H, CHO), 2.64 (d, 1#5.9 Hz, OH), 1.25
(s, 9H,t-Bu). **C NMR (62.5 MHz, CDCJ): 178.5 (C=0), 172.0 (C=0), 152.7 (C-4), 122.8 (C-
3), 82.9 (C-5), 69.8 (CHO), 64.6 (GHl), 38.6 (MeC), 26.9 (MgC). MS (El)m/z (%): 251.0
(M+Na’, 93), 267.0 (M+K, 100). Anal. Calcd. for GH1¢0s: C, 57.88; H, 7.07. Found: C,
57.52; H, 7.06%.

9. [@]p +465.0 € 0.4, CHC)). IR (ATR): 3437, 2960, 2909, 2874, 1705, 1660ttt NMR
(250 MHz, CDC}4) o4 6.98 (ddJs 2 15.7 Hz,J3 4 4.7 Hz, 1H, H-3), 6.19 (dd,315.7 Hz,J, 4 1.8
Hz, 1H, H-2), 4.35-4.22 (m, 2H, H-4, H-6), 4.17 (dg:m 11.8 Hz,Js5 5.8 Hz, 1H, H-6), 3.90-
3.79 (m, 1H, H-5), 3.76 (s, 3H, GRe), 3.05 (s, 2H, 20H), 1.23 (s, 9HBuU).**C NMR (62.5
MHz, CDCk) & 179.5 (C=0), 167.0 (C=0), 146.5 (C-3), 122.8 (C.5 (C-5), 71.3 (C-4),
65.4 (C-6), 52.1 (CMe), 39.3 (MeC), 27.5 (MgC). MS (ESI) m/z (%): 283.1 (M+N4d, 10),
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299.1 (M+K', 63), 543.0 (2M+N§ 100). Anal. Calcd. for GH»0¢- 1/2H0: C, 53.52; H, 7.86.
Found: C, 53.10; H, 7.72%.

(59)-5-[(19)-1,2-Dipivaloyloxyethyl]-2(5H)-furanone (5f). Pivaloyl chloride (0.8 mL, 6.50
mmol) was added dropwise to an ice-cooled solutibthe furanonee (492 mg, 2.16 mmol),
DMAP (54 mg, 0.44 mmol) and dry pyridine (1 mL)diny CHCI, (10 mL) under a nitrogen
atmosphere. The mixture was stirred overnight asfihe to room temperature. Then, CH
(20 mL) was added and the solution washed withebfZx 20 mL). The organic layer was dried
(MgSQy), the solvent evaporated and the residue wasigaifify FCC (EtOAc/hexanes, 1:3) to
give thetitle compoundbsf as a colorless solid (517 mg, 77%): mp 94-94 gQbexanes).d]p
—147.3 ¢ 1.1, CHCH); IR (ATR): 3113, 2968, 1730, 1757 €mtH NMR (250 MHz, CDC}) &
7.40 (ddJs35.8 Hz,J45 1.6 Hz, 1H, H-4), 6.18 (dd34 5.8 Hz,J352.2 Hz, 1H, H-3), 5.36 (ddd,
Jo,7 7.4 Hz,J 4.8, 2.5 Hz, 1H, CHO), 5.25 (dd,2.5 Hz,J54 1.6 Hz, 1H, H-5), 4.48 (dd], 11.8,
4.8 Hz, 1H, CHO), 4.31 (ddJ 11.8, 7.4 Hz, 1H, C§D), 1.22 (s, 9Ht-Bu), 1.67 (s, 9Ht-Bu).
BCNMR (62.5 MHz, CDC)) & 177.1 (C=0), 151.7 (C-4), 122.7 (C-3), 81.1 (C-63.1
(CHO), 62.3 (CHO), 38.6 (MeC), 38.5 (MgC), 26.8 (MgC), 26.7 (MgC). MS (ESI)m/z(%):
335.1 (M+N4, 19), 351.0 (M+K, 100). Anal. Calcd. for GH,40¢: C, 61.52; H, 7.74. Found: C,
61.34; H, 7.58%.

(59)-5-[(19)-1-Isovaleroyloxy-2-pivaloyloxyethyl]-2(8H)-furanone (5g) Isovaleroyl chloride
(360 uL, 2.95 mmol) was added to an ice-cooled solutibrihe furanonebe (336 mg, 1.47
mmol) and dry pyridine (0.5 mL) in dry GBI, (7 mL) under a nitrogen atmosphere. The
mixture was stirred overnight as it came to roompgerature. Then, Gi€l, (20 mL) was added
and the solution washed with brine (2 x 20 mL). Tganic layer was dried (Mg} the
solvent evaporated and the residue was purifiecrstallization (EtO/hexanes) to give théle
compound5g as a colorless solid (354 mg, 77%), which slowgcamposes: mp 71-72 °C
(E,O/hexanes). IR (ATR): 3095, 2967, 2936, 2872, 17P%64 crit. *H NMR (250 MHz,
CDCly) 64 7.42 (ddJ435.7 Hz,J45 1.7 Hz, 1H, H-4), 6.20 (dd345.7 Hz,J35 2.0 Hz, 1H, H-3),
5.42-5.37 (m, 1H, CHO), 5.28-5.21 (m, 1H, H-5),%(dd,J 11.7, 4.8 Hz, 1H, C}D), 4.29 (dd,

J 11.7, 6.9 Hz, 1H, CyD), 2.20-2.14 (m, 2H, COGKEHMe), 2.15-1.90 (m, 1H,
COCH.CHMe,), 1.22 (s, 9Ht-Bu), 0.95 (dd, 6H) 6.5, 0.8 Hz, COCbCHMe,). *C NMR (62.5
MHz, CDCk) & 177.5 (C=0), 171.7 (C=0), 171.6 (C=0); 151.7 (C4)2.9 (C-3), 81.0 (C-5),
68.4 (CHO), 62.2 (CkD), 42.7 (COCHCHMe,), 38.5 (MeC), 26.8 (MgC), 25.2
(COCH,CHMe,), 22.0 (COCHCHMe,). MS (ESI)m/z(%): 335.1 (M+N4, 100), 351.1 (M+K,
5). HRMS (FAB+): calculated for [gH2406s+H]" 313.1651; found 313.1653.
(3aS,4S,6aR)-4-[(19)-1,2-Dipivaloyloxyethyl]-3a,4,6,6a-tetrahydro-3-furo[3,4-c]pyrazol-6-
one (10) To an ice-cooled stirred solution of the furan®i€380 mg, 1.22 mmol) in THF (5
mL) was added an ethereal solution of diazometljeaet.8 mmol) prepared fromN-methyl-N-
nitroso-4-toluensulfonamide (1.04 g, 4.84 mmol)eThixture was stirred at room temperature,
protected from light, for 48 h. Removal of the suit afforded thditle compoundlO as a
colorless solid (380 mg, 88%): mp 138-140 °C (hes#ftOAC). [p —302.3 ¢ 2.2, CHC}). IR
(ATR): 2980, 2928, 2907, 2871, 1769, 1726™"criH NMR (250 MHz, CDC}) &, 5.56 (ddd,
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J6a,329.3 HZ2,J5232.5 HZ,Js23 1.4 Hz, 1H, H-6a), 5.27 (ddd,7.0, 4.3, 2.4 Hz, 1H, CHO), 4.97
(ddd, Jgem 11.8 HZ,J3329.0 Hz,J36a1.4 Hz, 1H, H-3), 4.81 (dddgem 11.8 Hz,J3323.6 Hz,J36a
2.5 Hz, 1H, H-3), 4.38 (dd}, 11.9, 4.3 Hz, 1H, C§D), 4.30 (ddJs323.2 Hz,J4 7 2.4 Hz, 1H, H-
4),4.14 (ddJ 11.9, 7.0 Hz, 1H, CD), 2.7 (ddddJz4649.3 Hz,J3239.0 HZ,J3,33.6 HZ,J3543.2
Hz, 1H, H-3a), 1.24 (s, 9H;Bu), 1.18 (s, 9H{-Bu). *C NMR (62.5 MHz, CDCJ) & 178.3
(C=0), 177.8 (C=0), 167.3 (C=0), 93.7 (C-4), 86%9), 83.6 (C-6a), 71.7 (C-7), 62.8 (C-3),
39.5 (MeC), 39.2 (MgC), 34.2 (C-3a), 27.5 (ME). MS (ESI)m/z (%): 377.2 (M+N4&, 100).
Anal. Calcd. for G;H26NOe: C, 57.61; H, 7.39; N, 7.90. Found: C, 58.01; 47 N, 7.73%.
(59)-4-Methyl-5-[(19)-1,2-dipivaloyloxyethyl]-2(5H)-furanone  (5h). A solution of the
pyrazolonel0 (360 mg, 1.02 mmol) in dioxane (20 mL) was heatédeflux for 48 h. The
solvent was evaporated and the residue was putiffeECC (from hexanes to hexanes/EtOAc
4:1) to afford thetitle compound5h as a colorless solid (203 mg, 61%): mp 89-91 °C
(hexanes/EtOAC): d]p —85.0 € 1.6 CHC}). IR (ATR): 2964, 2924, 2853, 1768, 1736, 1722,
1479 cnt. *H NMR (250 MHz, CDC}) &4 5.92-5.82 (m, 1H, H-3), 5.48 (dddi8.1, 4.5, 1.5 Hz,
1H, CHO), 4.97 (broad s, 1H, H-5), 4.46 (dd11.6, 4.5 Hz, 1H, C}D), 4.27 (ddJ 11.6, 8.1
Hz, 1H, CHO), 2.08 (br s, 3H, Me), 1.19 (s, 9HBU), 1.14 (s, 9Ht-Bu). *C NMR (62.5 MHz,
CDCl) & 178.3 (C=0), 177.7 (C=0), 172.5 (C=0), 165.0 (C#H)9.1 (C-3), 83.0 (C-5), 67.3
(CHO), 63.6 (CHO), 39.4 (MeC), 39.2 (MgC), 27.5 (MgC), 14.2 (Me). MS (Elm/z (%):
349.2 (M+N4, 100). HRMS (FAB+): calculated for [gH2¢0s+H]" 349.1622; found, 349.1612.

General procedure for the photocycloadditions of ZH)-furanones to alkenes Irradiations
were performed in a conventional photochemical tegatwo-necked vessel fitted with a Pyrex
or quartz immersion-type cooling jacket) using admm-pressure, 125 W mercury lamp.
Methanol at —15 °C was used for the refrigeratibthe immersion well jacket. The vessel was
externally cooled at —20 °C with a dry ice/@64&th. The progress of the reaction was monitored
by GC analysis of aliquot samples. For the reastiwith ethylene, this gas was bubbled through
the solution for 15 min before turning the lampamd a slow flow of ethylene was maintained
throughout the irradiation.

(1R,4S,55)-, 11a, and (5,4S,5R)-4-[(1S)-2-Benzyloxy-1-hydroxyethyl]-3-oxabicyclo[3.2.0]-
heptan-2-one (12a) Following the general procedure, a solution @& taranoneba (573 mg,
2.45 mmol) in acetone (300 mL) saturated with ethglwas irradiated through a Pyrex filter for
2 h 10 min. Evaporation of the solvent and purtfma by FCC (hexanes/EtOAc, 4:1) afforded a
89:11 mixture of cycloadductsla and12a (499 mg, 78%). Repeated FCC (from hexanes to
hexanes/EtOAc, 4:1) provided a pure sample of isobi@a as a colorless oil and enriched
fractions of thditle compoundL2aalso as a colorless oil.

1la+ 12a.MS (ES)m/z(%): 263.1 (M+H, 3), 285.1 (M+N3, 17), 301.1 (M+K, 100). Anal.
Calcd. for GsH1804: C, 68.68; H, 6.92. Found: C, 68.29; H, 6.97%.

11a.[a]p +15.7 € 4.4, CHC}). IR (ATR): 3413, 2942, 2864, 1744 ¢nTH NMR (250 MHz,
CDCly) &4 7.45-7.25 (m, 5H, H-Ar), 4.57 (s, 2H, GIPh), 4.38 (dJs5 2.3 Hz, 1H, H-4), 3.88-
3.78 (m, 1H, CHO), 3.61 (s, 1H, GH), 3.89 (s, 1H, CKD), 3.25-3.08 (m, 2H, 2H-
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cyclobutane), 2.66-2.31 (m, 3H, 2H-cyclobutane, O#24-2.03 (m, 2H, 2H-cyclobutanéfC
NMR (62.5 MHz, CDCJ) & 180.3 (C=0), 137.3, 128.3, 127.7, 127.6 (C-Ar)484-4), 73.4
(CH,Ph), 72.0 (CHO), 70.5 (Cl®), 38.8, 36.9 (C-1/C-5), 24.6, 23.5 (C-6/C-7).

12a. (data extracted from an enriched sample) IR (AT&RB4, 2951, 2868, 1756, 1721 tmH
NMR (250 MHz, CDC}) &4 7.55-7.23 (m, 5H, H-Ar), 4.60 (dgem 11.8 Hz, 1H, ChHPh), 4.52
(d, Jgem 11.8 Hz, 1H, CHPh), 4.47 (ddJ 7.7, 5.2 Hz, 1H, H-4), 4.07 (&t 7.2, 5.1 Hz, 1H,
CHO), 3.52 (ddJ 10.0, 3.9 Hz, 1H, C}D), 3.49 (ddJ 10.0, 5.0 Hz, 1H, CyD), 3.20-3.05 (m,
2H, H-1, H-5), 2.60-1.95 (m, 4H, 2H-6, 2H-7), 1.9B0 (m, 1H, OH)»*C NMR (62.5 MHz,
CDCl) & 179.4 (C=0), 137.3, 129.4, 128.2, 127.5 (C-Ar),088C-4), 73.5 (CHD), 70.3
(CHO), 69.5 (CHPh), 40.0, 36.2 (C-1/C-5), 23.0, 19.8 (C-6/C-7).

(IR,4S,55)-, 11b, and (55,4S5R)-4-[(1S)-2-Benzyloxy-1-pivaloyloxyethyl]-3-oxabicyclo-
[3.2.0]heptane-2-one (12b)Following the general procedure, a solution effiranoneésb (119
mg, 0.37 mmol) in acetone (65 mL) saturated wittyleine was irradiated through a Pyrex filter
for 5 h 20 min. Evaporation of the solvent and fication by FCC (hexanes/EtOAc, 1:4)
afforded a 90:10 mixture of cycloadducidb and 12b (96 mg, 74%). Repeated FCC
(hexanes/EtOAc, 9:1) provided a pure sample of esdiib and enriched fractions of thitle
compoundL2b as colorless oils.

11b + 12b. MS (ESI) m/z (%): 342 (M+H), 36922 (M+N4, 38), 385.1 (M+K, 100). Anal.
Calcd. for GoH2¢0s: C, 69.34; H, 7.56. Found: C, 69.34; H, 7.65%.

11b. [a]p +68.2 € 1.1, CHC}); IR (ATR): 2959, 2870, 1771, 1728 &m'H NMR (250 MHz,
CDCly) 64 7.40-7.26 (m, 5H, H-Ar), 5.09 (ddd,7.0, 6.2, 2.0 Hz, 1H, CHO), 4.70 (db2.0, 1.1
Hz, 1H, H-4), 4.55 (s, 2H, C#®), 3.69-3.52 (m, 2H, C}Ph), 3.10-2.88 (m, 2H, H-1, H-5), 2.60-
2.45 (m, 1H, H-cyclobutane), 2.45-2.30 (m, 1H, Hiobkutane), 2.22-2.05 (m, 2H, 2H-
cyclobutane), 1.19 (s, 9H;Bu). *C NMR (62.5 MHz, CDG)) & 180.5 (C=0), 178.0 (C=0),
138.0, 128.9, 128.1 (C-Ar), 83.7 (C-4), 73.9 (BH), 73.1 (CHO), 68.1 (Ci®), 39.4 (CMe),
39.1 (C-1/C-5), 36.91 (C-1/C-5), 27.5 (gHMe;), 25.4 (C-6/C-7), 24.2 (C-6/C-7).

12b. (data extracted from an enriched sample) IR (ATRBO, 2924, 2853, 1772, 1726 tmH
NMR (250 MHz, CDCY) 6y 7.45-7.27 (m, 5H, H-Ar), 5.30-5.20 (m, 1H, CHO)72 (dd,J 8.6,
5.3 Hz, 1H, H-4), 4.62-4.57 (CRh), 3.59 (ddJ 11.1, 3.7 Hz, 1H, CyD), 3.48 (ddJ 11.1, 3.7
Hz, 1H, CHO), 3.29-2.98 (m, 2H, H-1, H-5), 2.64-1.96 (m, 4H4-cyclobutane), 1.27 (s, 9,
Bu). **C NMR (62.5 MHz, CDGJ) & 177.5 (C=0), 177.2 (C=0), 137.2, 129.4, 128.6,.43T-
Ar), 83.0 (C-4), 73.4(ChPh), 71.6 (CHO), 67.9 (CGi®), 39.9 (C-1), 38.6 (M£), 36.2 (C-5),
26.7 (MeC), 24.7, 23.5 (C-6/C-7).

(IR,4S55)-, 1llc, and (5,4S5R)-4-[(19)-1-Benzoyloxy-2-benzyloxyethyl]-3-oxabicyclo-
[3.2.0]heptan-2-one (12c)Following the general procedure, a solution @ firanonesc (150
mg, 0.443 mmol) in acetone (65 mL) saturated withylene was irradiated through a Pyrex
filter for 1 h 35 min. Evaporation of the solvemtdapurification by FCC (hexanes/EtOAc, 4:1)
furnished a 80:20 mixture of cycloadducidc and 12c (114 mg, 70%). Repeated FCC
(hexanes/EtOAc, 9:1) provided a pure sample of esahic and enriched fractions df2c as
colorless oils.
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11c+ 12c.MS (ESI)m/z(%): 389.2 (M+N3§, 34), 405 (M+K, 100). HRMS (FAB+): calculated
for [CooH220s+H]" 367.1545; found, 367.1543.

11c: [a]p +7.4 € 0.4, CHCH). IR (ATR): 3062, 3030, 2947, 2865, 1769, 1719%chiH NMR
(250 MHz, CDC¥) o4 7.97 (d,J 7.5 Hz, 2H, H-Ar), 7.60 (t) 7.5 Hz, 1H, H-Ar), 7.50-7.30 (m,
7H, H-Ar), 5.47-5.37 (m, 1H, CHO), 4.80 (345 0.8 Hz, 1H, H-4), 4.63 (dlgem 11.9 Hz, 1H,
CHyPh), 4.57 (dJgem 11.9 Hz, 1H, CkPh), 3.84 (ddJ 9.6, 7.3 Hz, 1H, CkD), 3.73 (dd,J] 9.6,
6.2 Hz, 1H, CHO), 3.12-2.93 (m, 2H, H-1, H-5), 2.57-2.33 (m, ZtH{-cyclobutane), 2.28-2.08
(m, 2H, 2H-cyclobutane)*C NMR (62.5 MHz, CDGJ) & 180.0 (C=0), 165.1 (C=0), 137.3,
133.3, 129.5, 128.8, 128.4, 128.2, 127.6, 127.A(C82.7 (C-4), 73.3_(CHPh), 73.2 (CHO),
67.3 (CHO), 38.6, 36.7 (C-1/C-5), 24.5, 23.5 (C-6/C-7).

12c. (data extracted from an enriched sample) IR (ATR)B3, 3031, 2954, 2923, 1770, 1718
cm’. 'H NMR (250 MHz, CDC}) & 8.20-7.30 (m, 10H, H-Ar), 5.51-4.98 (m, 1H, CH®@)38
(dd,J 8.4, 5.6 Hz, 1H, H-4), 4.70-4.40 (m, 2H, &), 3.50-4.00 (m, 2H, GI@), 3.25-2.75 (m,
2H, H-1, H-5), 2.64-2.31 (m, 2H, 2H-cyclobutane)222.00 (m, 2H, 2H-cyclobutane)’C
NMR (62.5 MHz, CDCJ) & 180.1 (C=0), 169.9 (C=0), 137.1, 133.0, 129.9,.42828.4,
128.2, 127.5, 127.4 (C-Ar), 82.7 (C-4), 74.0 (BH), 73.8 (CHO), 68.6 (C#®), 39.2, 37.4 (C-
1/C-5), 25.2, 24.2 (C-6/C-7).
(1R,4S,59)-4-[(1S)-2-Benzyloxy-1tert-butyldimethylsilyloxyethyl]-3-oxabiciclo[3.2.0]hep-
an-2-one, 11d.Following the general procedure, a solution of fim@anone5d (150 mg, 0.443
mmol) in acetone (65 mL) saturated with ethylens wiadiated through a Pyrex filter for 3.5 h.
Evaporation of the solvent and purification by FQ@xanes/EtOAc, 9:1) furnished tlati
cycloadductl1d (94 mg, 58%) as an oitH NMR (250 MHz, CDC}) & 7.40-7.29 (m, 5H, H-
Ar), 4.58-4.50 (m, 3H, CkPh, H-4), 3.78 (ddd] 7.5, 5.3, 1.6 Hz, 1H, CHO), 3.61 (dH9.1, 7.5
Hz, 1H, CHO), 3.45 (ddJ 9.1, 5.3 Hz, 1H, CkD), 3.15-3.02 (m, 1H, H-1/H-5), 3.02-2.94 (m,
1H, H-1/H-5), 2.60-2.48 (m, 1H, H-cyclobutane), 2231 (m, 1H, H-cyclobutane), 2.21-2.07
(m, 2H, 2H-cyclobutane), 0.86 (s, 9HBu), 0.07 (s, 3H, SiMe), 0.05 (s, 3H, SiM&JC NMR
(62.5 MHz, CDC}) o 180.8 (C=0), 137.9, 128.4, 127.8, 127.7 (C-Ar),18%C-4), 73.6
(CH,Ph), 73.2 (CHO), 70.6 (Ci®), 39.4, 37.1 (C/LC-5), 25.7 (MeC), 24.8, 24.0 (C/&-7),
17.9 (MeC), -4.5 (SiMe), -4.8 (SiMe).

(1R,4S,55)-, 11e, and (5,4S,5R)-4-[(1S)-1-Hydroxy-2-pivaloyloxyethyl]-3-oxabicyclo[3.2.0}
heptan-2-one (12e).

Method A. Following the general procedure, a solution offth@anonese (521 mg, 2.28 mmol)
in acetone (300 mL) saturated with ethylene wasliated through a Pyrex filter for 7 h 15 min.
Evaporation of the solvent and purification by F@@xanes/EtOAc, from 4:1 to 2:1) afforded a
86:14 mixture of cycloadductkle and12e (454 mg, 78%) and staring material (55 mg, 10%).
Repeated FCC (hexanes/EtOAc, 9:1) provided purepkesnof compounddle and 12e as
colorless solids.

Method B. A solution of lactonée (79 mg, 0.78 mmol) and&)-1,2-dichloroethylene (28pL,
3.75 mmol) in acetonitrile (70 mL) was irradiatddaugh a quartz filter at -20 °C for 3 h.
Evaporation of the solvent and FCC (hexanes/EtOAd,) afforded a mixture of the
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dichlorocyclobutane diastereomers. This crude prodas dissolved in dry THF (3.5 mL) and
heated up to the reflux temperature. Then, tributylydride (1.0 mL, 3.72 mmol) and a solution
of AIBN (128 mg, 0.78 mmol) in dry THF were addedplwise under a nitrogen atmosphere.
The mixture was stirred for 35 min. Evaporationtbé solvent gave a residue, which was
subjected to FCC (hexanes/EtOAc, 4:1) to affordidure of 11eand12e(134 mg, 67%) in a
ratio 88:12.

1le + 12e. MS (ESI) m/z (%): 279.0 (M+N3, 27), 295.0 (M+K, 100). Anal. Calcd. for
Ci13H200s: C, 60.92; H, 7.87. Found: C, 60.77; H, 7.78%.

1le.mp 94-96 °C (EtOAc/hexanesy|p —7.6 € 2.0, CHC}). IR (ATR): 3481, 2943, 1759, 1704
cm. 'H NMR (250 MHz, CDCYJ) & 4.40 (d,J 2.2 Hz, 1H, H-4), 4.27 (dd 11.7, 6.9 Hz, 1H,
CHx0), 4.21 (ddJ 11.7, 4.8 Hz, 1H, C}D), 3.83 (ddddJ 7.0, 5.2, 4.8, 2.2 Hz, 1H, CHO), 3.23-
3.07 (m, 2H, 2H-cyclobutane), 2.72 @5.2 Hz, 1H, OH), 2.68-2.52 (m, 1H, H-cyclobutane),
2.51-2.33 (m, 1H, H-cyclobutane), 2.25-2.05 (m, 2H-cyclobutane), 1.24 (s, 9tBu). *C
NMR (62.5 MHz, CDCY) & 180.4 (C=0), 178.6 (C=0), 84.7 @:71.8 (CHO), 65.0 (C}D),
38.8 (C-1), 38.6 (M£££), 36.9 (C-5), 26.9 (M£), 24.6, 23.6 (C-6/C-7).

12e.mp 138-140 °C (EtOAc/hexanesy]p +67.4 € 0.6, CHC}). IR (ATR): 3510, 2975, 1761,
1708 cnt. *H NMR (250 MHz, CDC}) & 4.44 (ddJ 7.5, 5.4 Hz, 1H, H-4), 4.24-4.11 (m, 2H,
CH,0O, CHO), 4.11-3.98 (m, 1H, GB&), 3.26-3.18 (m, 2H, H-5, OH), 2.65-2.34 (m, 3HEHH-

7, H-1), 2.08-2.29 (m, 2H, H-6, H-7), 1.25 (s, 3HBu). **C NMR (62.5 MHz, CDGQJ) & 179.2
(C=0), 178.2 (C=0), 82.4 (C-4), 69.5 (CHO), 64.H(O), 40.1 (C-1), 38.6 (M£), 36.1 (C-5),
26.9 (MgC), 22.9, 19.6 (C-6/C-7).

(1R,4S,55)-, 11f, and (15,4S,5R)-4-[(19)-1,2-Dipivaloyloxyethyl]-3-oxabicyclo[3.2.0]heptan
2-one (12f) Following the general procedure, a solution effiranonef (510 mg, 1.63 mmol)
in acetone (300 mL) saturated with ethylene wasliated through a Pyrex filter for 6 h 40 min.
Evaporation of the solvent and purification by FQt&xanes/EtOAc, 4:1) afforded a 90:10
mixture of cycloadductsl1f and 12f (427 mg, 77%). Repeated FCC (hexanes/EtOAc, 9:1)
provided a pure sample difas solid and enriched fractionsIdf.

11f + 12f. MS (ESI) m/z (%): 363.2 (M+N3, 54), 379.1 (M+K, 100). Anal. Calcd. for
Ci18H2806: C, 63.51; H, 8.29. Found: C, 63.61; H, 8.17%.

11f. mp 79-80 °C (EtOAc/hexanesk]p —50.7 € 0.71, CHC)). IR (ATR): 2972, 2873, 1774,
1724 cnt. *H NMR (250 MHz, CDC)) &, 5.20 (dddJ 7.7, 4.5, 2.2 Hz, 1H, CHO), 4.58 (dH,
2.2,1.0 Hz, 1H, H-4), 4.40 (dd,11.7, 4.5 Hz, 1H, C}D) 4.16 (ddJ 11.7, 7.7 Hz, 1H, C{D),
3.14-291 (m, 2H, H-1, H-5), 2.68-2.37 (m, 2H, 2ytlobutane), 2.28-2.06 (m, 2H, 2H-
cyclobutane), 1.22 (s, 9H;Bu), 1.21 (s, 9Ht-Bu). *C NMR (62.5 MHz, CDGJ) & 179.2
(C=0), 177.2, (C=0), 169.7 (C=0), 83.3 (C-4), 71CHO), 62.4 (CHO), 38.7 (MgC), 38.5
(MesC), 38.2, 36.2 (C-1/C-5), 26.8 (Me), 24.7, 23.5 (C-6/C-7).

12f. (data extracted from an enriched sample) IR (ATRYO0, 2935, 2873, 1775, 1731 tmH
NMR (250 MHz, CDC4) &4 5.42-5.26 (m, 1H, CHO), 4.58 (dd,8.8, 5.2 Hz, 1H, H-4), 4.37
(dd,J 12.4, 3.1 Hz, 1H, C}D), 3.94 (ddJ 12.4, 5.2 Hz, 1H, CyD), 3.30-3.10 (m, 2H, H-1, H-
5), 2.60-2.30 (m, 2H, 2H-cyclobutane), 2.30-2.0Q @Hl, 2H-cyclobutane)*C NMR (62.5
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MHz, CDCk) & 178.8 (C=0), 177.6 (C=0), 177.1 (C=0), 79.6 (C-4.5 (CHO), 61.7
(CH0), 39.9, 36.1 (C-1/C-5), 38.7 (M), 26.9 (MegC), 26.8 (MgC), 23.0, 19.8 (C-6/C-7).
(1R,4S,55)-, 119, and (5,4S,5R)-4-[(1S)-1-Isovaleroyloxy-2-pivaloyloxyethyl]-3-oxabicycle
[3.2.0]heptan-2-one (12g)Following the general procedure, a solution &f filranonebg (106
mg, 0.339 mmol) in acetone (65 mL) saturated withylene was irradiated through a Pyrex
filter for 5 h. Evaporation of the solvent and figation by FCC (from hexanes to
hexanes/EtOAc, 4:1) afforded a 90:10 mixture oflegydductsllg and 12g (96 mg, 83%).
Repeated FCC (hexanes/EtOAc, 9:1) provided a pamgpke ofllg as a solid and enriched
fractions of 12g as a colorless oil. Both isomers slowly decomposestanding at room
temperature.

11g + 12g. MS (El) m/z (%): 363.2 (M+N4&, 55), 379.1 (M+K, 100). HRMS (FAB+):
calculated for [GgH2s06+H]" 341.1964; found 341.19609.

11g mp 61-62 °C (ED/hexanes).d|p —50.3 € 2.9 CHCH}). IR (ATR): 2959, 2936, 2906, 2870,
1760, 1731 ci. *H NMR (250 MHz, CDCY) &; 5.22 (dddJ 7.5, 4.7, 2.3 Hz, 1H, CHO), 4.55
(d,J 2.3, 1.0 Hz, 1H, H-4), 4.36 (dd,11.7, 4.7 Hz, 1H, C}D), 4.16 (ddJ 11.7, 7.5 Hz, 1H,
CH0), 3.10-2.92 (m, 2H, H-1, H-5), 2.66-2.50 (m, HH47), 2.50-2.37 (m, 1H, H-6), 2.25-2.00
(m, 5H, H-6, H-7, COCKCHMe,, COCHCHMEe,), 1.20 (s, 9H}{-Bu), 0.98 (d, 6HJ 6.6 Hz,
COCHCHMe,). *C NMR (62.5 MHz, CDG) & 179.3 (C=0), 177.6 (C=0), 171.7 (C=0),
82.9 (C-4), 71.6 (CHO), 62.2 (GB), 42.8 (COCHCHMEe,), 38.4 (MgC), 38.3 (C-1), 36.5 (C-
5), 26.8 (MgC), 25.3 (COCHCHMEe,), 24.6 (C-6), 23.5 (C-7), 22.1 (COGQEHMe;).

12g. (data extracted from an enriched sample) IR (ATR®B9, 2936, 2906, 2870, 1760, 1731
cm™. *H NMR (250 MHz, CDCJ) &4 5.39 (dddJ 7.5, 4.7,2.7 Hz, 1H, CHO), 4.68 (dd}, 5.7,
2.7 Hz, 1H, H-4), 4.40 (dd] 11.6, 4.7 Hz, 1H, C}D), 4.20 (ddJ 11.6, 7.5 Hz, 1H, C{D),
2.64-2.32 (m, 4H, H-1, H-5, Cktyclobutane), 2.32-1.96 (m, 5H, CO&FIHMe,, CH,-
cyclobutane), 1.20 (s, 9H-Bu), 0.99 (d,J 6.4 Hz, 6H, COCKCHMe,). **C NMR (62.5 MHz,
CDCl) & 177.8 (C=0), 177.6 (C=0), 171.8 (C=0), 80.1 (C™.,0 (CHO), 63.5 (CkD), 43.6
(COCHCHMey), 43.1 (C-1), 38.4 (ML), 36.6 (C-5), 27.5 (Mf£), 27.0 (COCHCHMe,), 25.4,
23.6 (C-6/C-7), 22.8 (COCGIE€HMe,).

(1R,4S,55)-, 11h, and (B5,4S,5R)-4-[(19)-1,2-Dipivaloyloxyethyl]-5-methyl-3-oxabicyclo-
[3.2.0]heptan-2-one (12h)Following the general procedure, a solution ef firanoneésh (166
mg, 0.509 mmol) in acetone (65 mL) saturated withylene was irradiated through a Pyrex
filter for 5 h. Evaporation of the solvent and figation by FCC (hexanes/EtOAc, 4:1) afforded
a 80:20 mixture of cycloadductdh and12h (144 mg, 80%) and starting material (18 mg, 11%).
Repeated FCC (hexanes/EtOAc, 9:1) provided purglesnof the two isomerslh and12h as
solids.

11h+ 12h. HRMSm/z(FAB+): calculated for [@H3¢Os+H]* 377.1935; found 377.1934.

11h. Mp 76-78 °C (EtOAc/hexanes)a]p —28.3 € 1.0, CHC}). IR (ATR): 2970, 2940, 2911,
2873, 1766, 1735, 1724 ¢m'H NMR (400 MHz, CDCJ) &; 5.18 (ddd,) 7.4, 5.1, 0.6 Hz, 1H,
CHO), 4.36-4.28 (m, 2H, H-4, 1H-GB), 4.12 (ddJ 11.4, 7.4 Hz, 1H, C§D), 2.65-2-60 (m,
1H, H-cyclobutane), 2.60-2.46 (m, 1H, H-cyclobufar®e38-2.28 (m, 1H, H-cyclobutane), 2.08-
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2-02 (m, 1H, H-cyclobutane), 1.96-1.85 (m, 1H, Hloputane), 1.24 (s, 3H, Me), 1.17 (s, 9H,
Bu), 1.16 (s, 9H{-Bu). *C NMR (100 MHz, CDG) & 179.6 (C=0), 177.9 (C=0), 176.7
(C=0), 84.7 (C-4), 69.6 (CHO), 63.1 (@Bl), 43.4 (C-1), 43.3 (C-5), 38.8 (M8), 38.7 (MgC),
32.6 (C-6/C-7), 27.1 (M£), 27.0 (MgC), 21.5 (C-6/C-7), 17.5 (Me).

12h. Mp 97-99 °C (EtOAc/hexanes)p +67.5 € 0.4, CHC}). IR (ATR): 2960, 2920, 2873,
2851, 1777, 1722 chm™H NMR (400 MHz, CDC}) &4 5.33 (ddd,) 7.7, 4.8, 3.0 Hz, 1H, CHO),
4.46 (dd,J 12.4, 3.0 Hz, 1H, C}D), 4.29 (dJ 7.7 Hz, 1H, H-4), 3.83 (dd} 12.4, 4.8 Hz, 1H,
CH,0), 2.77-2.73 (m, 1H, H-cyclobutane), 2.58-2.43 2id, H-cyclobutane), 2.12-2.03 (m, 1H,
H-cyclobutane), 1.82-1.73 (m, 1H, H-cyclobutane}21(s, 3H, Me), 1.22 (s, 9#Bu), 1.20 (s,
9H, t-Bu). **C NMR (100 MHz, CDGJ) & 178.6 (C=0), 177.7 (C=0), 177.3 (C=0), 84.6 (C-4),
70.3 (CHO), 62.0 (CkD), 45.1 (C-1), 43.0 (C-5), 38.8 (M®), 29.7 (MgC), 27.1 (MgC), 27.0
(MesC), 25.7 (C-6/C-7), 22.0 (Me), 20.4 (C-6/C-7).

(1R,4S,55)-, 13b, and (B5,4S,5R)-4-[(1S)-2-Benzyloxy-1-pivaloyloxyethyl]-7,7-diethoxy-3-
oxabicyclo[3.2.0]heptan-2-one (14b)A solution of the lacton®&b (506 mg, 1.58 mmol) and
1,1-diethoxyethyleng2.1 mL, 15.9 mmol) in acetonitrile (300 mL) wasadiated though a
quartz filter for 2 h. Evaporation of the solvendaCC (hexanes/EtOAc, 9:1) afforded a 79:21
mixture of13b and14b (370 mg, 54%). Repeated FCC (hexanes/EtOAc, 9diged enriched
fractions ofl3band14b as oils.

When the irradiation of lactortgb (102 mg, 0.32 mmol) and 1,1-diethoxyethylene (4203.2
mmol) was performed through a quartz filter in kygtether (70 mL) for 5 h, purification of the
crude material by FCC (hexanes/EtOAc, 9:1), affdrde’6:24 mixture o13b and14b (62 mg,
44%).

When the irradiation of lactorteb (146 mg, 0.46 mmol) and 1,1-diethoxyethylene (6004.5
mmol) was performed through a quartz filter in hex&70 mL) for 2 h, purification of the crude
material by FCC (hexanes/EtOAc, 9:1) afforded 2¥9nixture ofl3band14b (122 mg, 61%).
13b + 14b.MS (ESI)m/z(%): 457.2 (M+H, 100).HRMS (m/zFAB+): calculated for [gH340;

+ NaJ 457.2197; found 457.2199.

13b. (data extracted from an enriched sample) IR (ATRY5, 2931, 1775, 1731 ém'H NMR
(360 MHz, CDC}) &y 7.45-7.29 (m, 5H, H-Ar), 5.17-5.10 (m, 2H, H-4, OH 4.58 (d Jgem 11.9
Hz, 1H, CHPh), 4.54 (dJ)yem 11.9 Hz, 1H, CHPh), 3.70 (ddJ 11.9, 6.6 Hz, 1H, C}D), 3.64
(dd,J 11.9, 6.3 Hz, 1H, C§D), 3.47-3.27 (m, 4H, 2 x QCGBH,), 3.03-2.89 (m, 2H, H-1, H-5),
2.59 (dddJgem 13.5, 9.6, 2.2 Hz, 1H, H-7), 2.44 (df}em 13.5, 4.0 Hz, H-7), 1.20 (s, 15H, 2 x
OCH,CHs, t-Bu). °C NMR (62.5 MHz, CDGJ) & 178.9 (C=0), 177.7 (C=0), 137.7, 128.4,
127.8, 127.7 (C-Ar), 99.0 (C-6), 76.7 (C-4), 733HPh), 72.7 (CHO), 68.1 (Ci®), 56.8, 56.6
(OCH,CHg), 46.8 (C-5), 39.0 (M£), 36.7 (C-7), 309 (C-1), 27.1 (Me), 15.0, 14.9
(OCH:CHg).

14b. (data extracted from an enriched sample) IR (ATRY5, 2930, 2918, 1773, 1727 tmH
NMR (360 MHz, CDC}) &4 7.40-7.26 (m, 5H, H-Ar), 5.90 (ddd,9.5, 3.3, 2.0 Hz, 1H, CHO),
4.88 (dd,J 9.5, 6.6 Hz, 1H, H-4), 4.59 (dgem 12.1 Hz, 1H, CKHPh), 4.46 (dJgem 12.1 Hz, 1H,
CH,Ph), 3.92 (ddJ 11.5, 3.3 Hz, 1H, C§D), 3.64 (dd, 11.5, 3.3 Hz, 1H, CyD), 3.40 (qJ 7.1
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Hz, 2H, OCHCHj3), 3.35-3.27 (m, 1H, OCiCHj3), 3.24-3.07 (m, 3H, OC}€CH;, H-1, H-5),
2.59-2.44 (m, 2H, 2H-7), 1.26 (s, 9HBu), 1.23 (t,J 7.0 Hz, 3H, OCHCHj3), 1.13 (t,J 7.0 Hz,
3H, OCHCHs). **C NMR (90 MHz, CDG}) & 178.6 (C=0), 177.7 (C=0), 137.8, 128.5, 127.9,
127.7 (C-Ar), 101.4 (C-6), 80.8 (C-4), 73.5 (&), 72.4 (CHO), 69.0 (C#D), 57.0, 56.4
(OCH,CHg), 45.7 (C-5), 38.8 (M£), 36.6 (C-7), 32.2 (C-1), 27.1 (Me), 15.1, 15.0
(OCH,CHg).

(1R,4S,55)-, 13f, and (15,4S,5R)-7,7-Diethoxy-4-[(15)-1,2-dipivaloyloxyethyl]-3-oxabicyclo-
[3.2.0]heptan-2-one (14f) and [®,4S,55)-6,6-diethoxy-4-[(1S)-1,2-dipivaloyloxyethyl]-3-oxa-
bicyclo[3.2.0]heptan-2-one (15f)A solution of the lacton®&f (100 mg, 0.32 mmol) and 1,1-
diethoxyethylen€420uL, 3.2 mmol) in acetonitrile (70 mL) was irradiatdwbugh a quartz filter
for 3.5 h. Evaporation of the solvent and FCC (ImesdEtOAc, 9:1) afforded a 64:16:20 mixture
of 13f, 14f and 15f (121 mg, 81%). Repeated FCC (hexanes/EtOAc, 9:dYiged enriched
fractions of13f, 14f and15f as oils.

When the irradiation of lactortef (108 mg, 0.35 mmol) and 1,1-diethoxyethylene (4853.5
mmol) was performed through a quartz filter in bigtether (70 mL) for 2.5 h, purification of
the crude material by FCC (hexanes/EtOAc, 9:1)rd#éd a 75:21:4 mixture df3f, 14f and 15f
(61 mg, 41%).

When the irradiation of lactortef (113 mg, 0.36 mmol) and 1,1-diethoxyethylene (480 3.6
mmol) was performed through a quartz filter in hexd70 mL) for 4.5 h, purification of the
crude material by FCC (hexanes/EtOAc, 9:1) affordé®:21:4 mixture o1 3f, 14f and 15f (115
mg, 74%).

13f + 14f + 15f. HRMS (FAB+): (isomers mixture): calculated forB83¢0s+Na]" 451.2302;
found 451.2295.

13f. (data extracted from an enriched sample) IR (ATRY4, 2928, 1779, 1736 ém*H NMR
(360 MHz, CDC}) o4 5.22 (dddJ 8.0, 4.2, 2.1 Hz, 1H, CHO), 5.03 (broad s, 1H,)H4444 (dd,

J 11.8, 4.2 Hz, 1H, C§D), 4.15 (dd,J 11.8, 8.0 Hz, 1H, CD), 3.60-3.20 (m, 4H, 2 x
OCH,CHj3), 3.00-2.90 (m, 2H, 2H-cyclobutane), 2.70-2.55 @Hl, H-cyclobutane), 2.50-2.40
(m, 1H, H-cyclobutane), 1.40-1.10 (m, 24H, 2 x QCHg, 2 x t-Bu). *C NMR (62.5 MHz,
CDCl) & 178.1 (C=0), 177.6 (C=0), 177.2 (C=0), 98.4 (C®),3 (C-4), 71.7 (CHO), 62.5
(CH0), 56.5 (OCHCHs), 56.4 (OCHCHs), 46.3 (C-5), 38.7 (M&£), 38.4 (MeC), 36.5 (C-7),
30.4 (C-1), 26.8 (Mg£0), 14.7 (OCHCHj3), 14.6 (OCHCHj).

14f. (data extracted from an enriched sample) IR (ATRY6, 2935, 1781, 1735 €m*H NMR
(360 MHz, CDC}) &4 5.96 (dt,J 9.5, 2.8 Hz, 1H, CHO), 4.70 (dd 9.5, 6.6 Hz, 1H, H-4), 4.48
(dd, J 11.6, 2.3 Hz, 1H, CpD), 4.32 (ddJ 11.6, 3.3 Hz, 1H, CyD), 3.55-3.30 (m, 4H, 2 x
OCH,CHa), 3.30-3.05 (m, 2H, H-5, H-7), 2.65-2.40 (m, 2H1HH-7), 1.21 (s, 24H, 2 &Bu, 2

x OCH;CHs). **C NMR (62.5 MHz, CDGJ) & 178.6 (C=0), 178.3 (C=0), 177.7 (C=0), 101.5
(C-6), 80.7 (C-4), 71.5 (CHO), 62.8 (@8), 57.5 (OQCHCHSs3), 57.0 (QCHCHs), 45.9 (C-5),
39.2 (MgQC), 37.3 (C-7), 32.5 (C-1), 27.6 (M®), 27.4 (MgC), 15.4 (OCHCHs).

15f. (data extracted from an enriched sampleJARR): 2974, 2928, 1778, 1730, 1480 tmH
NMR (250 MHz, CDC}) 64 5.20 (dddJ 7.5, 4.4, 2.1 Hz, 1H, CHO), 4.56 (broad s, 1H,)H-4
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4.36 (dd,J 11.8, 4.4 Hz, 1H, C}D), 4.13 (dd,) 11.8, 7.5 Hz, 1H, CD), 3.64-3.34 (m, 4H, 2 x
OCH,CH), 3.34-3.28 (ddd) 6.9, 3.6, 0.8 Hz, 1H, H-1), 2.72-2.56 (m, 1H, H-B)26-2.13 (m,
1H, H-6), 1.40-1.10 (M, 24H, 2 x OGEHs, 2 x t-Bu). 3C NMR (62.5 MHz, CDG)) & 172.9

(C=0), 172.4 (C=0), 168.2 (C=0), 94.2 (C-7), 7834), 66.9 (CHO), 57.7 (CiD), 52.6

(OCH,CHg), 52.1 (OCHCHs), 45.6 (C-1), 33.9 (C-6), 33.7 (M&), 33.3 (MeC), 23.8 (C-5),

22.1 (MeC), 10.0 (OCHCHs).
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