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1. Introduction

The 5,5-spiroacetal fuseglactone moiety is a structural
feature of several biologically relevant natural products,
including cephalosporolides E 1)( and F p)'®
cephalosporolides H3) and | @),* penisporolides A5) and B
(6)° and ascospiroketal B7)¢ (Figure 1). The simplest
members of this family are cephalosporolideslEand F g),
which possess a methyl group at C-9 of the spiroacetal and
differ only in the stereochemistry at the C-6 spirocentre.
Cephalosporolides H3) and | @) were isolated in 2007 from
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the marine-derived fungus, Penicilium sp? Both
cephalosporolides H3) and | @) possess a gem-dimethyl
groupa to they-lactone and differ only in the substituent at C-
9. Cephalosporolide H3] has a saturated heptyl side chain
whereas cephalosporolided) (has a four carbon chain bearing

a terminal carboxylic acid. Preliminary biological testing on
these natural products demonstrated inhibition of the enzymes
3a-hydroxysteroid dehydrogenase and xanthine oxidalsieh
implicates these natural products as potential
inflammatory agent§?
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Figure 1: Natural products possessing the 5,5-spiroacetal futgztone structural moiety:®

Penisporolides AY) and B 6) were isolated from the
marine-derivedPenicillium sp° and possess similar structural
features to cephalosporolides 8) énd | @). They differ in the
C-3 and C-4 stereochemistry of thdactone and the side-
chain at C-9. Penisporolide A)(possesses a 5-hydroxyheptyl
side chain at C-9 whereas penisporolide & pears a
3-oxohexyl substituent. The structures of these natural
products as well as cephalosporolides 3 &nd | @) were
tentatively proposed based on comparison of their
spectroscopic data and to the spectroscopic data reported for
the confirmed structures of cephalosporolided)Eafd F 2).*°
As a result of our interest in the total synthesis of spiroacetal-
containing natural products and our recent synthesis of
cephalosporolides ElY and F 2),"* we extended our work to
the synthesis of cephalosporolides3)ignd | ©).

Recent syntheses of cephalosporolide3H Ky Dudley et
al.®®*'*and Fernandest al!® have suggested that the proposed
stereochemistry of the spiroacetal centre should be revised.
With this question in mind, we devised a synthetic strategy to
enable the synthesis of each of the four natural products:
cephalosporolides H8J and | @) and penisporolides A) and
B (6) from a common spiroacetal precursor.

2. Results and discussion

Our retrosynthesis (Scheme 1) allows for the preparation of
two diastereomers of the common spiroacetal interme@8jate
that upon debenzylation and further side-chain extension
should afford both natural products cephalosporolidesb)H (
and | @). Oxidative radical cyclisation of hydroxyl-lactor®e
would provide spiroacete. The lactone is accessibléa a
Sharpless asymmetric dihydroxylation of olefttD with
concomitant lactonisation. The latter can be assemiiked
cross metathesis reaction between olefihend12, which are

obtained from commercially available glycidt8 and alcohol
14, respectively.

cephalosporolide H 5: R = (CH,)5CH3
cephalosporolide | 6: R = (CH;),CO,H
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Scheme 1: Retrosynthesis of cephalosporolide3) &énd | @)

A similar strategy for the synthesis of penisporolidesSA (
and B @) from spiroacetal precursot5, could also be
employed simply by changing the Sharpless ligand used for the



asymmetric dihydroxylation of olefinl0 (Scheme 2).
Oxidative radical cyclisation of lactori® then affords the two
diastereomers of the spiroacetal precurdd: Sharpless
asymmetric dihydroxylation of olefihO enables installation of
the desired stereochemistry at C-3 and C-4.
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penisporolide A 3: R = (CH5,)3CHOHCH,CH3
penisporolide B 4: R = CH,CO(CH,),CH3
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Scheme 2: Retrosynthesis of penisporolides ) @nd B 6)

Implementation of the synthetic strategy planned for
cephalosporolides H3) and | @) summarized in Scheme 1
initially required preparation of olefirl2 in 5 steps from
commercially available glyciddl3. Glycidol 13 was protected
as a benzyl ether and treated wighR-salen C8 complexA
affording enantioenrichedR}-epoxide 17 which could easily
be separated from theS){diol by column chromatography
(Scheme 3¥° The newly formed epoxid&7 was opened at the
terminal position by the addition of an allyl cuprate in THF to
afford secondary alcoholl8.'’ Ozonolysis of alkenel8
furnished lactoll9 as a 1:1 mixture ofis/transisomers. This
mixture was then treated with allyltrimethylsilane and
BF;-OEt to install the desired allyl side-chain, providihig)as
a 1:1 mixture otis andtransisomers in 83% yield®
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Scheme 3: Reagents and conditiona) BnBr, NaH, DMF, 0 °C to
rt, 18 h, 84%; b) AcOH, THF, 4@, (R,R-salen Cb complexA, 0
°C to rt, 16 h, 48%; c) Cul, allyiIMgBr, THF, -40 °C to rt, 3 h,
70%; d) Q, CH.Cl,, MeOH, PPk -78 °C to rt, 15 h, 71%,
1:1 cis:transmixture; e) allyltrimethylsilane, C}€l,, BF;-OE®, rt,

3 h, 83%, 1:kis:transmixture.

With olefin 12 in hand, attention turned to the synthesis of

olefin 11, the cross metathesis coupling partner (Scheme 4).

Commercially available esteid was deprotected to give the
carboxylic acid which was converted to benzyl ester

3
20._ENREF_1% Swern oxidation of alcohol20 to the
corresponding aldehytfe followed by Wittig olefination
yielded olefinll.
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Scheme 4: Reagents and conditiona) LIOH, THF, MeOH, HO,
0 °C tort, 1.5 h, 73%; b) BnBr, DMF, ,KO;, rt, 5 h, 86%;
¢) DMSO, CHCI,, (COCI), NEg, -78 °C, 1 h, 82%; d) LIHMDS,
MePhP'Br-, THF, 0 °C to rt, 16 h, 46%.

Armed with coupling partnersl and12, attention turned to
the cross metathesis reaction (Scheme 5). Grubbs’ Il catalyst
was employed due to its known propensitytfans selectivity
in cross metathesis reactions involving alkenes with a fully
substitutech-quaternary centr&. Using a variety of conditions
only moderate yields of cross-coupled olefihwere obtained.
The reaction was carried out in the microwave in the presence
of chlorodicyclohexyl borane (catalytic quantity) and 10 mol%
Grubbs’ 1l in toluene at 90 °C for 9 h to give the desireg (
olefin 10 in 22% vyield.

OBn (0]
R i Ve
R OBn 3 OBn
12 11 10
Scheme 5: Reagents and conditions) Grubbs’ I, toluene,

cy,BCl, 90 °C, microwave, 9 h, 22%.

Olefin 10 was next subjected to Sharpless asymmetric
dihydroxylation using AD-mixp to afford lactones9a (ap
+12.1,¢c 1.0 CHC}L) and 9b (ap +7.0, ¢ 0.3 CHC}) as a
separable 1:1 mixture of diastereomers (Scheme 6). The newly
formed lactones exhibit theis stereochemistry between C-3
and C-4 as desired for cephalosporolides &hd 16 and differ
only in the stereochemistry at C-6.

Scheme 6: Reagents and conditionsa) (DHQD)}PHAL,
methanesulfonamide, KOs, KsFe(CN), OsQ, t-BuOH, HO,
rt, 15 h, 73%9a:9b (1:1).

Sharpless asymmetric dihydroxylation of olefihwas also
carried out using AD-mix: furnishing a 1:1 separable mixture
of lactonesl6a (op-35.7,¢ 1.0 CHCL) and16b (ap-18.0,¢ 0.3

’ Recently Fernandeat al™® reported that a very similar cross metathesis
reaction did not proceed, due to steric crowding near the olefin bond
caused by geminal methyl substituents. In the absence of these geminal
dimethyl groups, the reaction proceeded with high yieldEaselectivity.
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CHCl;) (Scheme 7). The lactones formed in this reaction
possess the desired stereochemistry at C-3 and C-4 for
penisporolides A3) and B ).

16b

Scheme 7. Reagents and conditionsa) (DHQ)PHAL,
methanesulfonamide, KOs, KsFe(CN), OsQ, t-BuOH, H,0, rt,
15 h, 76%,16a:16b (1:1).

The key oxidative radical cyclisation reaction was
separately carried out on lacton8a and 9b (Scheme 8).
Treatment of lacton®a with iodosobenzene diacetate and
iodine afforded a separable 1:1 mixture of spiroacéal&
+42.0,¢ 0.26 CHC}) and8b (ap-2.9,¢ 1.0 CHC}). The same
1:1 ratio of spiroacetal8a and8b was obtained when lactone
9b was employed in the oxidative cyclisation reaction.
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ent-cephalosporolide E 21

H-4, 55.09,tJ =5.8 Hz
ap =-48.2 (c 0.5, CHCl3)

H
ent-cephalosporolide F 22

H-4, 55.02, ddd J = 6.6, 4.4, 2.1 Hz
0p = +95.2 (c 0.9, CHCly)

reassigned cephalosporadlide H 3a
H-4,65.03,dddJ =6.4, 3.8, 1.6 Hz
op = +65.0 (c 0.7, MeOH)

isolated cephalosporolide H 3
H-4,65.07,tJ =49 Hz
op =-5.0(c 0.7, MeOH)

8a

H-4,65.02,ddd J =6.4,3.7,1.6 Hz

H-4, 55.06,tJ = 4.8 Hz
0p = +42.0 (¢ 0.26, CHCly)

ap =-2.9 (¢ 0.17, CHCl3)

OBn

Scheme 8: Reagents and conditionsr) Phi(OAc), |, CHCI,,
hexane, 75 W, 1 h, 5198a:8b (1:1); b) PhI(OAc), l,, CH,Cl,,
hexane, 75 W, 1 h, 52%a:8b (1:1).

The oxidative cyclisation reaction was also carried out on
lactone 16a affording a 1:1 mixture of spiroacetal$a (op
-41.2, ¢ 0.4 CHC}) and 15b (ap -20.4, ¢ 0.25 CHC)).
Similarly, a 1:1 mixture of spiroacetalifba and 15b was
obtained when the same procedure was carried out on lactone
16b.
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H-4,55.10, tJ =5.2 Hz
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Figure 2: Comparison of H-4 NMR of the known natural products with the four stereocisomers syntfi&ised.
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15a

Scheme 9: Reagents and conditiona) Phl(OAc), |,, CH,CI,,
hexane, 75 W, 1 h, 51%5a:15b (1:1); b) PhI(OAc), l,,
CH.CI,, hexane, 75 W, 1 h, 51 %b6a:15b (1:1).

Recently, the stereochemistry of cephalosporolidz&atdnd
its C-6 epimer3 (Figure 2), synthesised by Dudley all*
and Fernandest al’® was determined by comparison of the
NMR data reported for cephalosporolidesi gnd F 2) and
their enantiomer2l and?22 for which X-ray crystallographic
data was available (Figure ¥)*' The reassignment of the
stereochemistry of the isolated cephalosporolide8)Hd that
of the synthetic3a was based primarily ownp values and
comparison of the characteristic coupling pattern for H-4
observed irentcephalosporolides 1) and F 2).

The same approach was used to determine
stereochemistry of the spirocentre in spiroaceals8b, 15a
and 15b. Given that the C-4 stereochemistry in these four
diastereomeric spiroacetals was installed unequivooaly
Sharpless asymmetric dihydroxylation, the characteristic H-4
coupling pattern could then be used to determine the
stereochemistry of the spirocentre (Figure 2 and 3). In
spiroacetaBa, H-4 resonated as a triplet&6.06 ppm with a
coupling constant] 4.8 Hz, establishingR)-stereochemistry at
the spirocentre. Conversely, H-4 in spiroac8taresonates as
a doublet of doublet of doublets &t.02 ppm with coupling
constant,J 6.6, 3.7, 1.6 Hz establishin§){stereochemistry at
the spirocentre.

the

Similarly, spiroacetal¢5a and15b were assigned ass@&nd
6R based on comparison of thel NMR coupling patterns
observed for H-4 to the same resonance in cephalosporolides
E (1) and F ).

15a 15h

Figure 3: Characteristic H-4 coupling pattern for spiroace®als
8b, 15a and15b (CDCl;, 400 MHz)

Ha 8h

The cephalosporolide family poses some interesting
questions concerning the stereochemistry of the natural
products. Dudleyet al.** has synthesised four possible
diastereomers of cephalosporolide B-3€). Unfortunately
without access to an authentic sample of the natural product
definitive confirmation of the stereochemistry cannot be
substantiated. Therefore uncertainty still exists regarding the

5

configuration of cephalosporolide H and the other members of
the cephalosporolide family.

Deprotection of spiroacetalkba and 15b was carried out
using 10% Pd/C in EtOAc to give the corresponding primary
alcohols23 (ap +0.91,¢ 0.22 CHC}) and24 (ap -1.4,¢ 0.13
CHCL,). Further elaboration 023 and 24 should afford the
natural products penisporolides 3) @nd B @).

OBn OH
H H
(0] (0] a (0] (0]
2 0 - “ 0
(0] (6]
H: H:
15a 23
OBn OH
H H
Q Q b O « QO
\ o — (0]
(0] { (0]
H : H:
15b 24

Scheme 10: Reagents and conditions) 10% Pd/C, EtOAc, H
18 h, 87%; b) 10% Pd/C, EtOAc,HL6 h, 68%.

3. Conclusion

The synthetic work described herein provides access to the
four stereoisomeric spiroacetaBa, 8b, 15a, 15b which
comprise the spiroacetal core structures of the natural products
cephalosporolides H3[ and | @) as well as penisporolides A
(5) and B 6). Use of Sharpless asymmetric dihydroxylation
with the appropriate chiral ligand enabled establishment of the
desired absolute stereochemistry in tlydactone ring.
Oxidative radical cyclisation was then used to form the two
possible configurations at the spirocentre. The synthetic work
undertaken also facilitates biological evaluation of the four
individual spiroacetal core structures present in this important
family of natural products.

4. Experimental
4.1 General methods

All reactions were carried out in oven-dried glassware
which was further dried under high vacuum whilst heating with
a heat gun. Reactions were carried out under an atmosphere of
argon or nitrogen dried by passing through a cylinder of
calcium chloride. Solvents were dried under standard
conditions. Analytical thin layer chromatography (TLC) was
performed on 0.2 mm aluminium plates of silica gel 66, F
(Merck) and compounds were visualised by ultra-violet
fluorescence or by staining with potassium permanganate or
vanillin solutions, followed by heating the plate as appropriate.
Flash column chromatography was carried out using 40763
230-430 mesh silica gel with the solvent indicated. Infrared
spectra were obtained using a Perkin Elmer Spectrum One
Fourier Transform infrared spectrometer with a universal ATR
sampling accessory. Optical rotations were measured at 20 °C
using either a Perkin Elmer 341 polarimeter or a Rudolph
Research Analytical Autopol IV dt= 598 nm and are given in
units of 10" deg cn g*. Nuclear magnetic resonance (NMR)
spectra were recorded as indicated on a Bruker AVANCE
DRX400 spectrometer operating at 400 MHz fémuclei and
100 MHz for **C nuclei. All chemical shifts are recorded in
parts per million (ppm) relative to tetramethylsilarde 000
ppm) or deuterated chlorofornd (7.26 ppm ord 77.0 ppm).
Coupling constant] values are given in Hertz (Hz). Melting
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points were determined on an Electrothefalelting point
apparatus and are uncorrected. Infrared spectra were obtained
on a Perkin Elmer Spectrum One Universal ATR Sampling
Accessory Fourier Transform IR spectrometer, neat, over a
crystal plate or using a Perkin Elmer Spectrum 1000 series
Fourier Transform Optical rotations of chiral compounds were
obtained using a Perkin Elmer 341 polarimeter in the solvent
indicated. High-resolution mass spectra were obtained by
electron spray ionisation (ESI) using a microTOF-Q mass
spectrometer. Microwave reactions were performed on the
Biotage Initiator.

4.1.8 Benzyl 2,2-dimethylbut-3-enoafe

To a solution of methyl triphenylphosphonium bromide (5.2
g, 14.5 mmol) in THF (40 mL) was added LiHMDS (17.1 mL,
0.85 M in THF, 14.5 mmol) at 0 °C. The reaction mixture was
stirred for 30 min and a solution of benzyR-dimethyl-3-
oxopropanoate (2 g, 9.71 mmol) in THF (10 ml) was added.
The mixture was allowed to warm to rt overnight and
guenched by the addition of sat. aq. /8H (15 mL). The
reaction mixture was extracted with EtOAcX30 mL). The
combined organic extracts were washed with brine (20 mL),
dried over NgSQO, and concentrated under reduced pressure.
Purification by column chromatography using 20:1
hexanes/EtOAc as eluent gave thie compoundll (0.75 g,
38%) as a yellow oil. R 0.77 (90% hexanes/EtOACYmax
(film)/cm™ 2977, 1728, 1259, 1132, 695; (400 MHz,
CDCly): 7.37-7.29 (5H, m, Ph), 6.05 (1H, d#i= 17.4, 10.5
Hz, H-3), 5.11 (3H, s, Cih, H-4), 5.06 (1H, dJ = 10.5 Hz,
H-4), 1.33 (6H, s, 2 CHg); dc (100 MHz, CDC)): 176.1
(C=0, C-1), 142.4 (CH, C-3), 136.3 (C, Ph), 128.5¢(ZH,
Ph), 127.9 (CH, Ph), 127.7 (2 CH, Ph), 113.0 (CH C-4),
66.3 (CH, CH,Ph), 449 (C, C-2), 24.6 ¥2CH;). HRMS
(ESI): calcd for GsHigNaO,: 227.1043, found: 227.1040.

4.1.9 Benzyl 5-((5S)-5-((benzyloxy)methyl)tetrahydrofuran-2-
yl)-2,2-dimethylpent-3-enoatd

A solution of alkenel2 (0.1 g, 0.43 mmol) and alkerid
(0.35 g, 1.7 mmol) in toluene (3 mL) in a microwave vessel
was degassed using the freeze-pump-thaw method. A solution
of Grubbs’ Il catalyst (0.04 g, 0.04 mmol) in toluene (1 mL)
under argon was added. Chlorodicyclohexyl borane (0.04 mL,
1 M in hexane, 0.04 mmol) was added and the solution heated
in the microwave at 90 °C for 9 h. Purification by column
chromatography afforded thiéle compoundlO (0.04 g, 22%)
as a 1:1 mixture of diastereomers as a yellow @ilOB1 (60%
hexanes/EtOAC) Vmax (film)/cm™; 2930, 1726, 1455, 1130,
697; dy (400 MHz, CDC})): 7.36-7.25 (10H, m, PhH), 5.69
(1H, dt,J = 15.6, 1.4 Hz, H-3), 5.53-5.45 (1H, m, H-4), 5.09
(2H, s, G4,Ph), 4.61-4.52 (2H, m, i&,Ph), 4.20-4.14 (0.4 H,

m, H-9), 4.10-4.03 (0.6 H, m, H-9), 4.01-3.94 (0.4 H, m, H-6),
3.91-3.84 (0.6 H, m, H-6), 3.48-3.40 (2H, m, H-10), 2.40-2.32
(1H, m, H-5), 2.24-2.13 (1H, m, H-5), 1.98-1.78 (2H, m, H-8),
1.67-1.58 (2H, m, H-7), 1.30 (6 H, s,x2CHs); 3¢ (100 MHz,
CDCly): 176.3 (C=0, C-1), 138.4 (C, Ph), 136.7¢ZH, 2x
C-3), 136.3 (C, Ph), 128.4 (2 CH, Ph) 128.3 (% CH, Ph),
127.9 (CH, Ph),127.7 (2 CH, Ph), 127.6 (% CH, Ph), 127.5
(CH, Ph), 124.9 (% CH, 2x C-4), 79.3 (CH, C-9), 78.8 (CH,
C-9), 78.1 (CH, C-6), 77.8 (CH, C-6), 73.3 (£l&H,Ph), 73.0
(CH,, C-10), 72.9 (CH C-10), 66.2 (CH CH,Ph), 44.2 (C, C-
2), 38.8 (CH, C-5), 38.7 (CH, C-5), 30.8 (CH, C-7), 29.9
(CH,, C-7), 28.5 (CH, C-8), 28.1 (CH, C-8), 25.1 (2¢ CHy).
HRMS (ESI): calcd. for gHsNaO,: 431.2193, found:
431.2194.

4.1.10 (4R,5R)-5-(((2R,5S)-5-
((benzyloxy)methyl)tetrahydrofuran-2-yl)methyl)-4-hydroxy-
3,3-dimethyldihydrofuran-2(3H)-oré&a and (4R,5R)-5-
(((2S,5S)-5-((benzyloxy)methyl)tetrahydrofuran-2-yl)methyl)-
4-hydroxy-3,3-dimethyldihydrofuran-2(3H)-o8k

A solution of (DHQD)PHAL (0.009 g, 0.01 mmol),
methanesulfonamide (0.023 g, 0.02 mmol), P$@02 mL,
2.5% solution int-BuOH, 2.4pmol), KsFe(CN) (0.23 g, 0.73
mmol) and KCO; (0.09 g, 0.73 mmol) itBuOH/H,O (1:1, 1
mL) was stirred for 30 min. A solution of alked® (0.10 g,
0.24 mmol) int-BuOH/H,O (1:1, 0.3 mL) was added. The
reaction mixture was stirred at rt overnight and3@ (0.02
g) was added. The suspension was stirred for 30 min. The
mixture was extracted with EtOAc 1 mL). The combined
organic extracts were washed with 2 N KOH (0.01 mL), dried
over NaSQO, and concentrated under reduced pressure.
Purification by column chromatography using 9:1
hexanes/EtOAc as eluent gave a separable 1:1 mixture of
9a:9b as yellow oils.

Data for 9a; (0.03g, 36%), R 0.36 (60% hexanes/EtOAc);
[0]p® +12.1 € 1.0, CHCL); Vimax (film)/cm™: 3438, 2926, 1765,
1456, 10953, (400 MHz, CDCY}): 7.37-7.27 (5H, m, PhH),
4.55 (2H, s, CkPh), 4.54-4.50 (1H, m, H-4), 4.27-4.21 (1H,
m, H-9), 4.07-4.00 (2H, m, H-6, H-3), 3.73 (1H,Jds 2.6 Hz,
OH), 3.48 (2H, m, H-10), 2.21-2.13 (2H, m, H-5), 2.08-1.97
(1H, m, H-8), 1.18-1.59 (3H, m, H-8, H-7), 1.26 (6H, sx 2
CHsy); 8¢ (100 MHz, CDC}): 181.0 (C=0, C-1), 138.1 (C, Ph),
128.4 (2x CH, Ph), 127.6 (CH, Ph), 127.5 ¥2CH, Ph), 80.1
(CH, C-4), 78.6 (CH, C-9), 76.4 (CH, C-6), 75.7 (CH, C-3),
73.2 (CH, CH,Ph), 72.4 (CH, C-10), 45.0 (C, C-2), 34.5 (CH
C-5), 32.9 (CH, C-7), 28.2 (CH C-8), 23.2 (CH), 17.8
(CHs). HRMS (ESI): calcd. for GH,¢NaQs: 357.1672, found:
357.1677.

Data for 9b; (0.03g, 36%), R 0.25 (60% hexanes/EtOAc);
[0]p™® +7.0 € 0.3, CHCY); Vinax (film)/cm™: 3439, 2920, 1759,
1458, 10883, (400 MHz, CDC)): 7.37-7.27 (5H, m, PhH),
4.67-4.62 (1H, m, H-4), 4.54 (2H, s, gih), 4.14-4.09 (2H,
m, H-9, H-6), 3.95 (1H, dJ = 3.4 Hz, H-3), 3.58 (1H, dd,=
10.1, 3.4 Hz, H-10a), 3.51 (1H, m, OH), 3.46 (1H, &id,10.2,
4.7 Hz, H-10b), 2.37-2.29 (1H, m, H-5), 2.15-2.09 (1H, m, H-
5), 2.03-1.92 (2H, m, H-8), 1.90-1.83 (1H, m, H-7), 1.76-1.65
(1H, m, H-7), 1.21 (3H, s, GHi 1.09 (3H, s, CH); ¢ (100
MHz, CDCk): 181.0 (C=0, C-1), 138.1 (C, Ph), 128.4%2
CH, Ph), 127.7 (CH, Ph), 127.6 €CH, Ph), 78.1 (CH, C-9),
77.8 (CH, C-4), 76.3 (CH, C-3), 76.1 (CH, C-6), 73.4 {CH
CH,Ph), 72.2 (CH, C-10), 45.0 (C, C-2), 31.3 (CB-5), 29.1
(CH,, C-7), 27.7 (CH, C-8), 23.2 (CH), 17.9 (CH). HRMS
(ESI): calcd. for GHeNaQs: 357.1672, found: 357.1682.

4.1.11 (4S,5S)-5-(((2R,5R)-5-
((benzyloxy)methyl)tetrahydrofuran-2-yl)methyl)-4-hydroxy-
3,3-dimethyldihydrofuran-2(3H)-or6a and (4S,5S)-5-
(((2S,5S)-5-((benzyloxy)methyl)tetrahydrofuran-2-yl)methyl)-
4-hydroxy-3,3-dimethyldihydrofuran-2(3H)-othéb

A solution of (DHQ)PHAL (0.016 g, 0.02 mmol),
methanesulfonamide (0.04 g, 0.04 mmol), QD4 mL, 2.5%
solution int-BuOH, 0.04 mmol), KFe(CN}) (0.4 g, 1.3 mmol)
and KCGO; (0.18 g, 1.3 mmol) in-BuOH/H,O (1:1, 1 mL) was
stirred for 30 min. A solution of alkeri® (0.18 g, 0.43 mmol)
in t-BUOH/H,O (1:1, 0.3 mL) was added and the reaction
mixture was stirred at rt overnight before,88; (0.02 g) was
added. The suspension was stirred for 30 min and the mixture
was extracted with EtOAc (8 3 mL), the combined organic
extracts were washed with 2 N KOH (0.01 mL), dried over



N&SQO, and concentrated under reduced pressure. Purification
by column chromatography using 9:1 hexanes/EtOAc as eluent
gave a separable 1:1 mixturel®a: 16b as colourless solids.

Data for16a; (0.05 g, 38%), R 0.36 (60% hexanes/EtOAc);
[a]p™® -37.5 € 1.0, CHCL); mp: 60-64 °C;Vipay (film)yicm™
3440, 2930, 1762, 1457, 108&; (400 MHz, CDC}): 7.36-
7.26 (5H, m, PhH), 4.54 (2H, s, GPh), 4.54-4.50 (1H, m, H-
4), 4.18-4.12 (1H, m, H-9), 4.04-4.02 (2H, m, H-6, H-3), 3.99
(1H, d,J = 2.9 Hz, OH), 3.52 (1H, dd,= 10.0, 3.6 Hz, H-10),
3.38 (1H, ddJ = 10.1, 5.7 Hz, H-10), 2.17-2.04 (3H, m, H-5,
H-7), 1.98-1.89 (1H, m, H-8), 1.87-1.78 (1H, m, H-8), 1.74-
1.64 (1H, m, H-7), 1.28 (3H, s, GH 1.26 (3H, s, CH); &¢
(100 MHz, CDC}): 181.1 (C=0, C-1), 137.5 (C, Ph), 128.4 (2
x CH, Ph), 128.1 (% CH, Ph), 127.8 (CH, Ph), 80.4 (CH, C-
4), 78.8 (CH, C-9), 76.5 (CH, C-6), 76.5 (CH, C-3), 73.5{CH
CH,Ph), 71.8 (CH, C-10), 45.0 (C, C-2), 34.9 (£B-5), 32.1
(CH,, C-7), 27.4 (CH, C-8), 23.2 (CH), 17.9 (CH). HRMS
(ESI): calcd. for GH,6KOs: 373.1412, found: 373.1407.

Data for 16b; (0.05 g, 38%), R 0.25 (60% hexanes/EtOAc);
[a]o™® -18.0 (c 0.3, CHG); mp: 59-65 °C;Vmax (film)icm™:
3441, 2929, 1763, 1466, 109%; (400 MHz, CDC}): 7.36-
7.26 (5H, m, PhH), 4.71-4.66 (1H, H-4), 4.55 (2H, s.PH),
4.26-4.19 (2H, m, H-6, H-9), 3.92 (1H, },= 3.6 Hz, H-3),
3.61 (1H, dJ = 3.6 Hz, OH), 3.46 (2H, d, = 4.9, H-10), 2.31-
2.24 (1H, m, H-5), 2.14-2.02 (3H, m, H-5, H-8), 1.79-1.63
(2H, m, H-7), 1.26 (6H, s, & CHy); ¢ (100 MHz, CDC)):
180.8 (C=0, C-1), 138.1(C, Ph), 128.4ZH, Ph), 127.6 (2

x CH, Ph), 127.6 (CH, Ph), 78.3 (CH, C-9), 77.8 (CH, C-4),
76.5 (CH, C-3), 75.4 (CH, C-6), 73.4 (gHCH,Ph), 72.6
(CH,, C-10), 45.2 (C, C-2), 31.8 (GHC-5), 30.4 (CH, C-7),
28.5 (CH, C-8), 23.3 (CH), 17.9 (CH). HRMS (ESI): calcd.
for CigHzeNaQs: 357.1672, found: 357.1675.

4.1.12 2R,3a'R,5S,6a'R)-5-((benzyloxy)methyl)-6',6'-
dimethyltetrahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-b]furan]-
5'(3a’H)-one8a and (2S,3a'R,5S,6a'R)-5-((benzyloxy)methyl)-
6',6'-dimethyltetrahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-
b]furan]-5'(3a'H)-one8b

A solution of lacton®a (0.02 g, 0.06 mmol) in C}l, (0.1
mL) was added to a stirring solution of PhI(OA().04 g, 0.12
mmol) and } (0.04 g, 0.14 mmol) in hexane (0.2 mL), ¢as
was bubbled through the solution for 5 min and the reaction
was then irradiated with a 75 W desk lamp for 1 h. The
solution was diluted with ED (0.2 mL) and saturated aq.
N&S,0; (0.1 mL) was added, the mixture was extracted with
Et,O (3 x 1 mL), dried over Ng&Q, and concentrated under
reduced pressure. Purification on deactivated silica using 9:1 to
3:2 hexanes/EtOAc gave colourless oils.

Data for8b; (0.005 g, 25%), R0.69 (50% hexanes/EtOAc);
[a]o™® +42.0 (c 0.26, CHG); Vmax (film)/lcm™ 2930, 1776,
1050, 7545y (400 MHz, CDCJ): 7.36-7.7 (5H, m, PhH), 5.02
(1H, ddd,J = 6.4, 3.7, 1.6 Hz, H-4), 4.56 (2H, dbiz 12.2, 9.0
Hz, CHPh), 4.32 (1H, dJ = 3.8 Hz, H-3), 4.30-4.26 (1H, m,
H-9), 3.48-3.41 (2H, m, H-10), 2.58 (1H, dbs= 15.0, 6.5 Hz,
H-5), 2.36 (1H, ddJ = 15.1, 1.5 Hz, H-5), 2.17-1.96 (4H, m,
H-7, H-8), 1.74-1.66 (1H, m, H-8), 1.26 (3H, s, {H1.22
(3H, s, CH); 8¢ (100 MHz, CDCJ): 175.0 (C=0, C-1), 138.2
(C, Ph), 128.4 (% CH, Ph), 127.6 (x CH, Ph), 116.0 (C, C-
6), 85.3 (CH, C-9), 80.5 (CH, C-4), 77.7 (CH, C-3), 73.4 {CH
C-10), 72.4 (CH, CH,Ph), 44.4 (C, C-2), 41.9 (GHC-5), 35.2
(CH,, C-7), 26.8 (Ch}, C-8), 23.0 (Ch), 18.0 (CH). HRMS
(ESI): calcd. for GoHpNaQs: 355.1516, found: 355.1528.

Data for8a; (0.005 g, 25%), R0.56 (50% hexanes: EtOAc);
[a]o™® -2.9 (¢ 0.17 in CHG); Vmax (film)icm™ 2926, 1773,

7
1214, 746;5, (400 MHz, CDC)): 7.35-7.27 (5H, m, PhH),
5.06 (1H, t,J = 4.8 Hz, H-4), 4.53 (2H, dd,= 29.3, 12.1 Hz,
CH,Ph), 4.28 (1H, dJ = 4.5 Hz, H-3), 4.25-4.19 (1H, m, H-9),
3.56 (1H, ddJ = 9.9, 5.4 Hz, H-10), 3.48 (1H, ddi= 9.8, 5.8
Hz, H-10), 2.51 (1H, dJ = 14.2 Hz, H-5), 2.18-1.99 (5H, m,
H-5, H-7, H-8), 1.92-1.84 (1H, m, H-7),1.27 (3H, s,{LH.21
(3H, s, CH); 3¢ (100 MHz, CDC}): 178.8 (C=0, C-1), 138.6
(C, Ph), 128.3 (% CH, Ph), 127.6 (% CH, Ph), 127.4 (CH,
Ph), 115.7 (C, C-6), 87.3 (CH, C-9), 85.3 (CH, C-4), 79.7 (CH,
C-3), 73.5 (CH, C-10), 73.3 (CH CH,Ph), 44.6 (C, C-2), 41.7
(CH,, C-5), 36.0 (CH, C-7), 27.9 (CH, C-8), 24.6 (CH), 18.3
(CH3). HRMS (ESI): calcd. for GH.s0s: 333.1697, found:
333.1694.

4.1.13 (2S,3a'S,5S,6a'S)-5-((benzyloxy)methyl)-6',6'-
dimethyltetrahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-b]furan]-
5'(3a'H)-onel5a and (2R,3a'S,5S,6a'S)-5-((benzyloxy)methyl)-
6',6'-dimethyltetrahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-
b]furan]-5'(3a'H)-one15b

A solution of lactonel6a (0.03 g, 0.09 mmol) in CiI, (0.1

mL) was added to a stirring solution of PhI(OA€).06 g, 0.18
mmol) and 4 (0.05 g, 0.21 mmol) in hexane (0.2 mL), dhs

was bubbled through the solution for 5 min and the reaction
was then irradiated with a 75 W desk lamp for 1 h. The
solution was diluted with ED (0.2 mL) and saturated ag.
N&S,0; (0.1 mL) was added, the mixture was extracted with
Et,O (3 x 1 mL), dried over Ng&O, and concentrated under
reduced pressure. Purification on deactivated silica using 9:1 to
3:2 hexanes/EtOAc gave a colourless oil.

Data for15b; (0.007 g, 25%), R0.69 (50% hexanes/EtOAc);
[a] ™ -41.5 (C 0.4, CHG); Vinay (film)/cm™: 2933, 1776, 1138,
1089,1052;5,; (400 MHz, CDC)): 7.36-7.26 (5H, m, PhH),
5.00 (1H, ddd) = 6.3, 3.9, 1.5 Hz, H-4), 4.58 (2H, s, {H),
4.34-4.27 (1H, m, H-9), 4.24 (1H, d,= 3.7 Hz, H-3), 3.49
(1H, dd,J = 9.9, 7.7 Hz, H-10), 3.42 (1H, dd= 9.9, 4.0 Hz,
H-10), 2.57 (1H, ddJ = 15.0, 6.4 Hz, H-5), 2.34 (1H, dd=
15.0, 1.4 Hz, H-5), 2.10-1.90 (3H, m, H-7, H-8), 1.81-1.70
(1H, m, H-8), 1.19 (6H, s,  CHy); 8¢ (100 MHz, CDCY):
180.8 (C=0, C-1), 138.2 (C, Ph), 128.4ZH, Ph), 127.8 (2

x CH, Ph), 127.6 (CH, Ph), 115.7 (C, C-6), 85.1 (CH, C-9),
80.3 (CH, C-4), 79.0 (CH, C-3), 74.2 (GHC-10), 73.2 (CH
CH,Ph), 44.3 (C, C-2), 41.5 (GHC-5), 36.1 (CH{, C-7), 27.3
(CH,, C-8), 23.0 (CH), 17.9 (CH). HRMS (ESI): calcd. for
C1H24NaQ;: 355.1516, found: 355.1516.

Data for15a; (0.007 g, 25%), R0.57 (50% hexanes/EtOAc);
[a]p® -20.4 (C 0.25, CHG); Vmax (film)icm™ 2936, 1774,
1120, 11053, (400 MHz, CDC}): 7.36-7.26 (5H, m, PhH),
5.10 (1H, tJ = 5.2 Hz, H-4), 4.53 (2H, s, GRh), 4.35 (1H, d,

J = 5.0 Hz, H-3), 4.29-4.25 (1H, m, H-9), 3.52-3.42 (2H, m, H-
10), 2.47 (1H, dJ = 14.1 Hz, H-5), 2.15-2.01 (4H, m, H-5, H-
7, H-8), 1.84-1.80 (1H, m, H-8), 1.26 (3H, s, §H..22 (3H, s,
CHj); 8¢ (100 MHz, CDC})): 180.8 (C=0, C-1), 138.5 (C, Ph),
128.3 (2x CH, Ph), 127.6 (X CH, Ph), 127.5 (CH, Ph), 115.7
(C, C-6), 86.9 (CH, C-3), 79.9 (CH, C-4), 78.6 (CH, C-9), 73.3
(CH,, CH,Ph), 72.1 (CH, C-10), 44.3 (C, C-2), 41.4 (GHC-

5), 34.2 (CH, C-7), 26.7 (CH, C-8), 25.2 (CH), 18.4 (CH).
HRMS (ESI): caled. for GH,KOs 371.1255, found:
371.1268.

4.1.14 (2R,3a'S,5S,6a'S)-5-(hydroxymethyl)-6',6'-
dimethyltetrahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-b]furan]-
5'(3a’'H)-one23

A solution of spiroacetal5a (6.0 mg, 0.018 mmol) was
stirred in EtOAc (0.5 mL) over 10% Pd/C (0.01 g) under H
overnight. The mixture was filtered through a plug of C8lite
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and concentrated under reduced pressure to givetitthe
compound?3 as a colourless oil (3 mg, 0.012 mmol, 68%). R
0.13 (50% hexanes/EtOAc)u]b -1.4 (c 0.13, CHG); Vimax
(film)/cm™: 3432, 2923, 1772, 1460, 1125, 838;(400 MHz,
CDCly): 5.14 (1H, tJ = 5.1 Hz, H-4), 4.39 (1H, d = 4.9 Hz,
H-3), 4.24-4.18 (1H, m, H-9), 3.68 (1H, dil= 11.8, 2.9 Hz,
H-10), 3.47 (1H, gJ = 5.8 Hz, H-10), 2.48 (1H, d = 14.1
Hz, H-5), 2.17 (1H, dd) = 14.2, 5.5 Hz, H-5), 2.14-2.02 (4H,
m, H-5, H-7, H-8), 1.27 (3H, s, GH 1.21 (3H, s, Ch); dc
(100 MHz, CDC}): 180.9 (C=0, C-1), 1154 (C, C-6), 86.8
(CH, C-3), 79.8 (CH, C-3), 79.8 (CH, C-4), 64.7 (£B-10),
44.4 (C, C-2), 41.5 (CKHC-5), 34.5 (CH, C-7), 25.5 (CH, C-
8), 25.5 (CH), 18.2 (CH). HRMS (ESI): calcd. for
C1,H15KOs: 281.0786, found: 281.0790.

4.1.14 (2S,3a'S,5S,6a'S)-5-(hydroxymethyl)-6',6'-
dimethyltetrahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-b]furan]-
5'(3a'H)-one24

A solution of spiroacetall5b (0.011 g, 0.03 mmol) was
stirred in EtOAc (1 mL) over 10% Pd/C (0.02 g) under H
overnight. The mixture was filtered through a plug of Clite
and concentrated under reduced pressure to give the title
compound?4 as a colourless oil (7.0 mg, 87%): B.13 (50%
hexanes/EtOAC);dlp +0.91 (¢ 0.22, CHGJ; Vinax (film)/cm™:
3432, 2923, 1772, 1460, 1125, 838; (400 MHz, CDC)):
5.05 (1H, dddJ) = 6.0, 3.7, 1.4 Hz, H-4), 4.39-4.31 (2H, m, H-
3, H-9), 3.75 (1H, dd) = 9.9 Hz, H-12), 3.51-3.48 (1H, m, H-
10), 2.58 (1H, ddJ = 15.2, 6.1 Hz, H-5), 2.50 (1H, dd,=
15.2, 0.9 Hz, H-5), 2.20-1.96 (4H, m, H-7, H-8), 1.26 (3H, s,
CH;), 1.23 (3H, s, CH); 8¢ (100 MHz, CDC}): 180.4 (C=0,
C-1), 115.7 (C, C-6), 85.4 (CH, C-9), 80.9 (CH, C-3), 80.1
(CH, C-4), 64.7 (CH C-10), 44.5 (C, C-2), 41.1 (GHC-5),
37.2 (CH, C-7), 24.8 (CH C-8), 22.8 (CH), 17.9 (CH).
HRMS (ESI): calcd. for @H.gKOs: 281.0786, found:
281.0790.
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Experimental procedures and characterisation data for known compounds S1

'H and™C NMR spectra for new compounds A

S1



2-((Benzyloxy)methyl)oxirane

NaH (60% dispersion in oil, 5.40 g, 135 mmol) wadetito a stirred solution of glycid@B (10 g, 135 mmol) and BnBr (10.5
mL, 176 mmol) in THF (300 mL) at 8C. The reaction mixture was allowed to reach rt stirded overnight. KD (200 mL) was
added and the mixture extracted with CH (3 x100 mL). The combined organic extracts were washed with brine (100 mL), dried
over NaSQ, and concentrated under reduced pressure to give a crude yellow oil. Purification by flash chromatography using 9:1
hexanes/EtOAc as eluent afforded thetite compound (188 g, 84%) as a colourless oil
Ri: 0.5 (80% hexanes/EtOAG); (400 MHz, CDC}): 7.35-7.25 (5H, m, AH), 4.61 (1H, dJ = 11.9 Hz, ©l,Ph), 4.55 (1H, dJ =
11.9 Hz, G4,Ph), 3.76 (1H, dd) = 3.1, 11.4 Hz, H-3), 3.44 (1H, ddi= 5.8, 11.4 Hz, H-3), 3.21-3.16 (1H, m, H-2), 2.81-2.78 (1H,
m, H-1"), 2.62-2.60 (1H, m, H-1"§. (100 MHz, CDC}): 137.8 (C, Ph), 128.4 (2 CH, Ph), 127.7 (3 CH, Ph), 73.3 (CH
CH,Ph), 2720.8 (CH C-17), 50.8 (CH, C-2), 44.3 (GHC-3). The spectroscopic data were in agreement with those reported in the
literatures

(R)-2-((benzyloxy)methyl)oxirane 17

(RR)-N,N-Bis-(3,5-ditert-butylsalicyclidene)-1,2-cyclohexanesanediaminocobalt (1) (0.029 g, 0.05 mmol) was added to a
mixture of 2-((benzyloxy)methyl)oxirane (1.63 g, 9.91 mmol), AcOH (0.011 mL, 0.198 mmol) and THF (0.15 mL). The mixture
was cooled to OC and treated with 3D (0.098 mL, 5.45 mmol). The reaction was allowed to reach rt overnight. Purification by
flash chromatography using 9:1 hexanes/EtOAc as eluent gatidafwtempound 17 (0.795¢g, 4.84 mmol, 48%) as a colourless oil.

Re: 0.5 (80% hexanes/EtOAc)u]p?° +6.03 € 1.76, CHCL,) lit. [a]p+5.4 € 1.76 in CHCL,);'® §,, (400 MHz, CDC)): 7.35-7.25
(5H, m, Pi), 4.61 (1H, dJ = 11.9 Hz, Gi,Ph), 4.55 (1H, dJ = 11.9 Hz, ®&,Ph), 3.76 (1H, ddj) = 3.1, 11.4 Hz, H-3), 3.44 (1H,
dd,J=5.8, 11.4 Hz, H-3), 3.21-3.16 (1H, m, H-2), 2.81-2.78 (1H, m, H-1"), 2.62-2.60 (1H, m, &-10 MHz, CDC}): 137.8
(C, Ph), 128.4 (2 x CH, Ph), 127.7 (3 x CH, Ph), 73.3,(@H,Ph), 70.8 (CH, C-1"), 50.8 (CH, C-2), 44.3 (GHC-3). The
spectroscopic data were in agreement with those reported in the litéfature.

(25)-1-(benzyloxy)hex-5-en-2-0l 18

Allylmagnesium bromide (4.57 mL, 1M in JA) was added to a stirring solution &){benzyl glycidyl etherl7 (0.5 g, 3.05
mmol) and Cul (0.058 g, 0.305 mmol) in THF (20 mL) at 2@ The black solution was allowed to warm to rt o8eh and
quenched with sat. aqg. NEI (20 mL). The reaction mixture was extracted with EtOAcx(30 mL). The combined organic
extracts were washed with brine (40 mL), dried overSTa and concentrated to give a yellow oil. Purification by flash
chromatography using 4:1 hexanes/EtOAc as eluent gaviléhempound 18 (0.44 g, 2.13 mmol, 70%) as a yellow oi}: B.38
(80% hexanes/EtOAc)a]p>° + 7.36 € 1.00, CHCJ); lit. [0]p*-7.28 (c 1.00, CHG) (for enantiomerj? &, (400 MHz, CDCJ):
7.38-7.29 (5H, m, PhH), 5.87-5.77 (1H, m, H-5), 5.06-4.95 (2H, m, H-6), 4.56 (2H,,Bh;+3.87-3.80 (1H, m, H-2), 3.50 (1H,
dd,J = 9.4, 3.3 Hz, H-1), 3.34 (1H, dd~ 7.9, 9.4 Hz, H-1), 2.31 (1H, d,= 3.5 Hz, OH), 2.27-2.08 (2H, m, H-4), 1.62-1.47 (2H,
m, H-3); 3¢ (100 MHz, CDC}): 138.4 (CH, C-5), 138.0 (C, Ph), 128.5{ZH, Ph), 127.8 (CH, Ph), 127.7 £2CH, Ph), 115.0
(CH,, C-6), 74.5 (CH, CH,Ph), 73.4 (CH C-1), 70.0 (CH, C-2), 32.3 (GHC-3), 29.8 (CH, C-4). The spectroscopic data were in
agreement with those reported in the literatdre.

(25)-Tetrahydro-5-hydroxy-2-(benzyloxymethyl)furan 19

To a solution of alken&8 (0.2 g, 0.97 mmol) in dioxanefB (3:1, 4 mL) was added 2,6-lutidine (0.11 mL, 0.97 mmol), OsO
(0.25 mL, 2.5% solution it-BuOH, 2umol) and NalQ (0.42 g, 1.94 mmol) respectively. The suspension was stirred for 2 h and
sat. agq. Nz5,0; (2 mL) was added. The reaction mixture was extracted with EtOAcH3nL). The combined organic extracts
were washed with brine (10 mL), dried over ,8@, and concentrated under reduced pressure. Purification by flash
chromatography using 9:1 hexanes/EtOAc as eluent gaviléheompound 19 (0.14 g, 0.694 mmol, 71%) as a colourless oil (1:1
mixture of diastereomers).:F0.23 (90% hexanes/EtOAQ); (400 MHz, CDCY): 7.37-7.27 (10H, m, PhH), 5.60-5.58 (1H, m, H-
4), 5.45-5.42 (1H, m, H-4"), 4.60-4.56 (4H, m, ), 4.47-4.40 (1H, m, H-1), 4.33-4.27 (1H, m, H-1"), 3.70-3.56 (2H, m, H-5),
3.51-3.42 (2H, m, H-5"), 2.66-1.66 (8H, m, H-2, H-2", H-3, H-3"), 1.95 (2H, brxsD®); 3¢ (100 MHz, CDC}): 138.2 (C, Ph),
137.6 (C’, Ph), 128.5 (2 CH, Ph), 128.3 (CH, Ph), 127.9X2CH, Ph), 127.8 (X CH, Ph), 127.7 (CH, Ph), 127.6 (CH, Ph), 127.6
(CH, Ph), 98.9 (CH, C-4), 98.8 (CH, C-4"), 78.9 (CH, C-1), 78.7 (CH, C-1"), 73.5 @H4Ph), 72.5 (CH, CH,Ph), 34.6 (CH, C-

3), 32.7 2(4(:Ij C-37), 25.8 (CH, C-2), 24.5 (CH, C-2"). The spectroscopic data were in agreement with those reported in the
literature:

(25)-Benzyloxymethyl-5-allyltetrahydrofuran 12
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To a solution of alcohol9 (5.34 g, 25.9 mmol) in Ci&l, (125 mL) at -78 °C was added allyltrimethylsilane (12.4 mL,
77.7 mmol) followed by dropwise addition of BPE} (3.49 mL, 28.5 mmol). The reaction mixture was stirred for 3 h, sat. aq.
NH,CI (20 mL) added and the mixture extracted with,CH (3 x 20 mL). The combined organic extracts were washed with brine
(20 mL), dried over N&O, and concentrated under reduced pressure. Purification by column chromatography using 9:1
hexanes/EtOAc as eluent gave a 1:1 mixtureissfrans isomers of théitle compound 12 (5.0 g, 21.5 mmol, 83%) as a yellow oil.

R:: 0.38 (90% hexanes/EtOAQ); (400 MHz, CDC}): 7.36-7.25 (5H, m, PhH), 5.81 (1H, ddtz 17.2, 10.2, 7.0 Hz, H-8), 5.10-

5.02 (2H, m, H-9), 4.57 (2H, dd,= 5.6, 12.3 Hz, CkPh), 4.23-4.17 (0.3H, m, H-2), 4.11-4.00 (1H, m, H-2", H-5), 3.97-3.90
(0.7H, m, H-5), 3.51-3.42 (2H, m, H-6), 2.42-2.35 (1H, m, H-7), 2.27-2.19 (1H, m, H-7), 2.03-1.87 (2H, m, H-4, H-3), 1.71-1.64
(1H, m, H-3"), 1.59-1.51 (1H, m, H-49)¢ (100 MHz, CDC}): 138.4 (C, Ph), 135.0 ®CH, C-7, C-7), 128.3 (2 CH, Ph), 127.6

(2 x CH, Ph), 127.5 (CH, Ph), 116.8 (gHC-8), 116.8 (CH C-8"), 79.2 (CH, C-4), 78.7 (CH, C-4"), 78.1 (CH, C-1), 77.7 (CH, C-
1%), 73.3 (CH, CH,Ph), 73.0 (CH, C-5), 72.9 (CH, C-5"), 40.2 (CH C-6), 40.1 (CH, C-6"), 31.1 (CH C-2), 30.2 (CH C-27),

28.5 (CH, C-3), 28.1 (CH, C-3"). The spectroscopic data were in agreement with those reported in the litérature.

Benzyl 3-hydroxy-2,2-dimethylpropanoate 20

LiOH (15.9 g, 37.9 mmol) in THF/MeOHA® (1:1:0.5, 62.5 mL) was added to a solution of 3-hydroxy-2,2-dimethylpropionate
14 (5 g, 37.9 mmol) in THF/MeOH (1:1, 25 mL) at 0 °C. The solution was warmed to rt and stirred for 1.5 h, the reaction mixture
was adjusted to pH 2 by addition 0f$0,. The solution was concentrated under reduced pressure to remove THF and the residue
washed with HO (10 mL), extracted with EtOAc (812 mL), dried over N&O, and concentrated under reduced pressure to give
the acid (3.3 g, 27.9 mmol, 73%) as a white solid. Benzyl bromide (1.9 mL, 16.1 mmol) was added to a solution of crude acid (2.0
g, 16.9 mmol) and ¥CGO; (2.57 g, 18.6 mmol) in DMF (20 mL). The reaction mixture was stirred for 5 h then quenched by the
addition of HO (5 mL). The reaction mixture was extracted withCE(3 x 10 mL). The combined organic extracts were washed
with brine (10 mL), dried over N&0Q, and concentrated under reduced pressure. Purification by column chromatography using 9:1
to 3:2 hexanes/EtOAc as eluent gavetttie compound 20 (3.04 g, 86%) as a yellow 0il.;:R).48 (60% hexanes/EtOAQ); (400
MHz, CDCk): 7.39-7.29 (5H, m, Ph), 5.14 (2H, s, $Hh), 3.57 (2H, dJ = 6.4 Hz, H-3), 2.54 (1H, br s, OH), 1.21 (6H, sx 2
CHz); 8¢ (100 MHz, CDCY): 176.9 (C=0, C-1), 135.8 (C, Ph), 128.3(ZH, Ph), 127.9 (CH, Ph), 127.5%2CH, Ph), 69.3 (CH
C-3), 66.]1.g (CH, CH,Ph), 44.2 (C, C-2), 21.8 (2 CHs). The spectroscopic data were in agreement with those reported in the
literature.

Benzyl 2,2-dimethyl-3-oxopropanoate

Oxalyl chloride (2.5 mL, 29.2 mmol) was added dragenio a solution of DMSO (4.14 mL, 58.4 mmol) in OH (100 mL) at -78

°C. The reaction mixture was stirred for 10 min and a solution of al@h@&.0 g, 24.3 mmol) in C}Cl, (20 mL) was added. The

solution was stirred for 1 h, NEt13.5 mL, 97.3 mmol) added and the solution allowed to warm to@.(B6 mL) was added and

the mixture extracted with Gi&l, (3 x 50 mL). The combined organic extracts were washed with brine (30 mL), dried over
Na,SQ, and concentrated under reduced pressure. Purification by column chromatography using 9:1 hexanes/EtOAc as eluent gave
thetitle compound (4.13 g, 82%) as a yellow 0il.zR0.58 (80% hexanes/EtOAQ); (400 MHz, CDC)): 9.68 (1H, s, H-3), 7.39-

7.31 (5H, m, Ph), 5.19 (2H, s, GPh), 1.37 (6H, s, & CHy); d¢ (100 MHz, CDC}): 198.9 (C=0, C-3), 172.5 (C=0, C-1), 135.3

(C, Ph), 128.6 (2 CH, Ph) 128.3 (CH, Ph), 127.9 @ CH, Ph), 67.1 (CH CH,Ph), 45.9 (C, C-2), 19.6 (2 CH). The
spectroscopic data were in agreement with those reported in the liter ENKREF 26
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10 'H NMR (400 MHz, CHCJ):
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9a'H NMR (400 MHz, CHC)):
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16a *H NMR (400 MHz, CHCJ):

fa by —
g ey
Ll 2

)

16a

-
|

W— 1668
\— 1278
\— 1 260

N 'LWL,L JL_
ne Y oww. ¥ s
A AR R [ r T+ T T*
70 80 50 40 30 20 10 0.0
opm (1)
13C NMR (100 MHz, CHG)):
g 3 988 ecgg8gge & gooss
5 5 B8R gfetggggﬁ: 5 ssons
Vo 22
N\ /
|
gt P
i |
| J il L
| ] ]
200 150 50

pom (t1)

S8



16b 'H NMR (400 MHz, CHCJ):
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15a"H NMR (400 MHz, CHCY):

3C NMR (100 MHz, CHG)):
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15b *H NMR (400 MHz, CHCY):

3C NMR (100 MHz, CHG)):
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ACCEPTED MANUSCRIPT

23'H NMR (400 MHz, CHCJ):
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24H NMR (400 MHz, CHCJ):
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