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Abstract

In contrast to methyl and isobutyl phenyl sulfone, condens-
ing under basic conditions higher alkyl sulfones and trans-2,3-
epoxy-butanol 13c¢ (or its O-benzyl and O-silyl derivatives)
proved unfeasible, a difficulty that was overcome by using
mono ethers of trans-2,3-epoxy-butane-1,4-diol 35¢ as the
electrophilic reagents. Thus, adding excess BuLi to a mixture
of the benzyl ether 35b and sulfone enz-12a, a stereodiad
sulfone prepared in pure state from the R-Roche ester, via the
O-trityloxy-sulfone ent-12¢ (X-ray), gave, after elimination by
column chromatography of the side-formed regioisomer, a diol-
sulfone that was next converted to sulfone 20 by means of
conventional functional-group modifications. Reacting like-
wise this sulfone with the parent O-PMB derivative 35a, and
then proceeding to the same purification process and function
adjustment, delivered the title fragment in virtually pure state.
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1. Introduction

Isolated in 1949 from the culture broth of a streptomycete
species,! borrelidin (1)>—a toxic 18-membered macrolide thus
named owing to its inhibitory activity against bacteria of the
Borrelia genus—has not yet found applications owing to lack
of selectivity. In addition to antibiotic and antiviral properties,
this compound also displays antifungal, herbicidal, insecticidal,
anticancer, anti-angiogenic and antimalaria activities. Interest-
ingly, however, X-ray crystallographic study of the complexes
it forms with Escherichia coli*** and human threonyl-tRNA
synthetase®® has revealed in each case a unique four-point
attachment of the borrelidin molecule to the protein core,
thereby not only providing a rationale for the potent toxicity of
this compound against both pro- and eucaryote species but also
paving the way for designing selective analogues.’ Promis-
ingly, with regards to this purpose, the ester formed by con-
densing 1 and an N-phenylthiomethyl-triazolylmethyl alcohol
has been found to show weak cytotoxicity against human cells
whilst retaining the impressive —superior to any known anti-
Plasmodium agent — antimalaria activity of natural borrelidin,®
another encouraging result being the significant improvement
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Scheme 1. Haddad’s (formal) and Morken’s synthesis of borrelidin (1).

of the anti-angiogenicity/toxicity ratio observed in mice by
changing the cyclopentane to a cyclobutane.>’

With regards to synthetic aspects, following Haddad’s report
of his efforts towards the synthesis of 1,8 four total syntheses of
this compound have been disclosed,’ the first of these being
realized by Morken;”® subsequently, various methodologies to
generate deoxystereotetrad derivatives having the required
anti,syn,syn configuration have been developed with the result
of formal syntheses of 1.'° As shown in Scheme 1, Haddad’s
and Morken’s strategy to synthesize the southern fragment 2
of the borrelidin molecule offer a few similarities, advan-
tage being taken in each case of the C2 symmetry of the two
hydroxybutyl (red coloured) residues. In the first, diene 3,
prepared in four steps from meso diol 4a, was epoxidized under
Sharpless conditions to the bis-epoxide 5a. Sequential benzyl-
ation and silylation of 5a was followed by elimination of the
side-formed bis-silyl and bis-benzyl ether by chromatography
to obtain a 1:1 mixture of epoxides 5b and Sc. Treating this
diastereomeric mixture with LiAlMe,4 then gave, after a delicate
separation by chromatography, the diastereomeric C2-C12 frag-
ments 2a and 2b. Although highly convergent, this approach
suffers from lack of selectivity of the protection step, a result of
the aforementioned symmetry. As a response to this difficulty,
the first step of Morken’s synthesis has consisted of asymmetric
reductive aldol condensation either of the O-benzyl or O-PMB
derivative of hydroxyacetaldehyde (i.e., 6a and 6b) and methyl
acrylate 7 to obtain, after protection of the formed hydrox-
yesters with a ¢-butyldimethylsilyl (TBDMS) group, esters 8a
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and 8b, which were respectively converted into iodides 9 and
10. Coupling these iodides then furnished the E olefin 11, the
desilylation of which was followed by asymmetric hydro-
genation of the resulting diol, and re-silylation of the OH to
obtain 2¢. Reacting 2¢ with DDQ then afforded 2d, which was
elaborated to borrelidin (1).

Inspired to some extent by these results, and with a view to
designing a practical access to the key fragment 2d —a pre-
requisite for synthesizing analogues —the plan summarized in
Scheme 2 was studied and our results and observations along
this line are described in this publication.

2. Results and Discussion

As shown, this plan revolves around the basic condensation,
at first of the triisopropyloxysilyloxy (OTIPS) sulfone 12a
and epoxide 13a, and next—after TBDMS protection of the
expected hydroxysulfone 14a followed by desulfonylation to
15a and exchange of the TIPSO substituent to a phenyl-
sulfonyl —of sulfone 16 and the parent epoxide 13b. O-
silylation followed by hydrogenolysis of the sulfone 17 would
have then afforded Morken’s intermediate 2¢, a result poten-
tially achievable —via compounds 18-21—by using the enan-
tiomeric sulfone ent-12a as precursor. As shown in Scheme 2A,
hydroxysulfone ent-12b has previously been obtained with 93%
ee by lipase-catalyzed acetylation of meso diol 4a followed by
exchange of the OH of the monoacetate product 4b to a phen-
ylsulfonyl group and hydrolysis of the acetate.!! The epoxides
13a and 13b being accessible by Sharpless epoxidation of E-2-

© 2019 The Chemical Society of Japan


http://dx.doi.org/10.1246/bcsj.20180292

BnO OPMB

X Y
TBDMSO - “OTBDMS

2c, X=Y=H
17, X=80,Ph; Y=H
21, X=H; Y=SO,Ph

OPMB BnO

BW

13b 14a, R=H; X=0TIPS; Y=SO,Ph
15a, R=TBDMS; X=0TIPS; Y=H
16, R=TBDMS; X=SO,Ph; Y=H

OPMB BnO
1 som
TIP -
12a 13a 13b ent-12a

22a OH ent-22a

{ g

(A) HOWOR - -

from Ref. 11

Plan

18-20
(R/X/Y asin 14-16)

93% ee ent-12b

AT

\l;hOQS @
OTIPS
i W

. T TX X7 o
5 24a, X=OH ent-24a, X=OH
E 24b, X=| ent-24b, X=I|
! Diethyl Diethyl
i malonate, NaH, i malonate, NaH,
OPMB ! toluene/DMF toluene/DMF
: E
: Tro/Y\‘/COQ t EtOZCYY\OTr
; CO,Et EtO,C
g 25 (95%) ent-25 (92%)
| LAH, ether l LAH, ether
PO OH_ HO oTr
' - pro- R
: OH *~Ho
E 22a (85%) ent-22a (90%)
Vinyl acetate, Vinyl acetate,
: AKL, THF PSL, THF
' Tro OAc HOWOTr
I OH AcO
22b (de 99.4%; 91%) ent-22c (de 99.6%; 93%)

! TrO/\‘/\(\OH Aco/j/\r\OTr

f OAc HO

3 22¢ ent-22b

E TrO/\‘/\COAc ACOWOTr

i OAc AcO

i 22d (9%) ent-22d (not detected)

Scheme 2. Plan of synthesis of Morken’s intermediate 2¢ and desymmetrization of diols 22a/ent-22a.

in the case
13b

butenol'? followed by a O-benzylation reaction,'?
where the ee value of these epoxides would not exceed 90%,
theoretically, submitting the TIPS ether of this sulfone product
(i.e., ent-12a) to the planned iterative homologation process
should afford 2¢ with an ee greatly improved as compared to the
preceding value.'* At the expense of the diastereoselectivity,
however: 2¢ of ee 99.9% would then be produced in 78.6%
yield alongside a mixture of three diasteroisomers and their
enantiomers (total 21.4%). This led us to investigate the possi-
bility of preparing sulfones 12a and en#-12a in pure state —via
diol 22a and ent-22a—from the trityl (Tr) derivatives 23 and
ent-23 of S- and R-Roche ester respectively by adapting a
methodology previously designed to synthesize spiramycin.'”

To this end, esters 23 and ent-23 were each reacted with
LAH, the crude alcohol product being in each case recrystal-
lized twice from hot hexane to obtain the pure alcohols 24a and
ent-24a (ee 100%; by chiral phase HPLC), which were con-
verted into iodides 24b and ent-24b.'°® Reacting these iodides
with diethyl sodio-malonate in toluene/DMF'7 and then treat-
ing the formed malonates 25 and ent-25 with LAH in ether (see
experimental) gave, after purification by column chromatog-
raphy, the pure (by HPLC and NMR), crystalline enantiomeric
diols 22a and ent-22a in good yield (ca. 81-83% respectively
from 24b and ent-24b). After a few experiments aimed at
delineating optimal enzyme-catalyst conditions, diol 22a was
reacted in THF with vinyl acetate and added Amano lipase AK
(AKL) to afford, after elimination of the co-produced bis-
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acetate 22d (9%) by column chromatography, a monoacetate
assumed to be 22b —pro-R selectivity of this enzyme has been
established in related cases'> —polluted with trace of the
diastereoisomeric monoacetate 22¢ (de 99.4%; by HPLC) in
good yield (91%). Reacting similarly emz-22a with vinyl
acetate and added Amano lipase PS (PSL)—more effective in
this case than the preceding lipase —afforded a monoacetate to
which structure en#-22c¢ was assigned by analogy (99%; de
99.6%); no diacetate (i.e., ent-22d) was observed. The elabo-
ration of these monoacetate products to sulfones 12a and ent-
12a was then realized as indicated in Scheme 3.

On the one hand, 22b was tosylated using tosyl chloride in
pyridine with added DMAP, the crude tosylation product being
treated by LAH in ether to afford 99.4% pure (by HPLC)
alcohol 4c¢ in good yield (89%). Reacting 4c with the PPhs-1,/
imidazole reagent, and then recrystallizing the solid product
thus obtained from MeOH/EtOAc gave a crystalline iodide to
which structure 26 was assigned by X-ray crystallography.
Although the iodine could be exchanged to a phenylsulfonyl
group by reacting this iodide with sodium phenylsulfinate in
DMEF, treating sequentially 4¢ with TsCl and sodium thiophen-
oxide, and then oxidizing the formed sulfide using m-CPBA in
CH,Cl, proved more efficient, affording, after recrystallization
from EtOH, virtually pure (by HPLC and NMR) sulfone 12¢
as a white solid (overall 85%, from 4c¢). On the other hand,
acetate emt-22¢ was reacted with TBDMSCI/imidazole in
DMEF. Hydrolysing the acetate with K,CO3;/MeOH, and then
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Figure 1.

tosylating the resulting alcohol gave ent-22e (overall 79.5%),
the treatment of which by LAH in ether was followed by
hydrolysis of the silyl ether with TBAF.3H,0 to obtain alcohol
ent-4¢ (94%), the structure of which was confirmed by its
conversion into iodide ent-26 (X-ray; 92%) using the same
conditions as for the 4¢-26 conversion. Submitting ent-4¢ to
the preceding tosylation/thiolation/oxidation sequence then
afforded, after recrystallization from hot EtOH, white crystals
of sulfone ent-12c¢, as established by X-ray diffraction analysis
(Figure 1); the same product was obtained in comparable yield
and purity by treating sequentially iodide en#-26 with sodium
thiophenoxide and m-CPBA. Finally, methanolysis of sulfones
12c¢ and ent-12¢ using Amberlyst-15® as catalyst was followed
by silylation of the OH with TIPSOTT to deliver the targeted
silyloxy-sulfones 12a and ent-12a (97 and 95%, respectively).

The possibility of accessing in this way the anti stereodiad
series was briefly tested (Scheme 4).!% Although submitting
22b to the sequence used in the ent-22c—ent-4¢ conversion
would probably have furnished 27, pro-S selectivity having
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Scheme 4. Preparation of anti stereodiad alcohols 27/ent-27.

been observed in preliminary acetylation experiments using
lipases from Candida species, a shorter access to this hydroxy-
ether was secured by reacting diol 22a in THF with vinyl
acetate and added Novozym-435® lipase (NL435) as catalyst.
After disappearance of 22a in TLC, the reaction was pursued
until the diastereoisomeric monoacetate ratio was ca. 99:1 by
HPLC to obtain, after separation by column chromatography of
diacetate 22d (55%), the monoacetate 22¢ (45%) which was
reacted sequentially with TsCl/DMAP and LAH. Recrystalli-
zation from ether of the solid thus obtained afforded 27 as
white crystals (77%; identical physical and NMR features as
reported in the literature!®). Finally, submitting the monoace-
tate ent-22¢ to the preceding tosylation/reduction sequence
furnished the enantiomeric hydroxy-ether en#-27 (89%). The
planned sulfone/epoxide condensations were then investigated.

The reactivity of epoxides 13a/13b with organometallic
reagents has been well studied.?’ Preferential anti attack of the
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nucleophilic species at C3 (epoxide numbering) — favoured on
electronic grounds owing to the electronegativity of the C1
oxygen—has been observed using either organolithium,?%?
aluminium?®® or cuprate®® reagents and similar results have
been obtained with 1-lithio-1,3-dithianes.?! Basic condensation
of sulfones and ethers of epoxybutanol 13c¢ has been less
studied, although it has been reported that adding sequentially

—78 °C equivalents of BuLi and BF3.Et,0 to a 1:1 mixture of
the cyclohexylmethyl sulfone 28 and the diphenyl-z-butylsilyl
(DPTBS) ether ent-13d in THF had furnished, after a further
2h stirring at the same temperature followed by separation
by flash-chromatography and purification by HPLC of the
pooled isomeric sulfone fractions thus obtained, a hydroxy-
sulfone which was hydrogenated to give 29 in 60% yield
(Scheme 5A).?? Reacting 12a and ent-12a with, respectively,
13b and 13a under these conditions resulted only in decom-
position, the same observation being made by varying temper-
ature and the ratio (or mixing order) of the reagents, or by using
13d in place of 13a/13b. That failure to react 12a and ent-12a
originated from lack of reactivity of these sulfones under these
conditions was verified by reacting likewise methyl phenyl
sulfone 30 with the racemic epoxide rac-13d to obtain, after
desilylation of the condensation product with TBAF, albeit in
moderate yield (49%), an 85:15 mixture of diol-sulfones rac-
31a and rac-32 as established by NMR (Scheme 5). Treating
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iodide ent-26 with excess ~-BuLi in ether and then reacting
(alone or with added BF;-Et,0) the resulting lithium deriva-
tive with 13b was no more rewarding. A complex product (by
TLC and NMR) which could not be clearly identified was
obtained and the same observation was made by first reacting
this lithium derivative with CuSPh to form a corresponding
heterocuprate species as recommended in a related case.?
Keeping with our sulfone strategy, the use of epoxyalcohol
13c in place of 13a/13b was then considered (Scheme 6).

As observed with the preceding epoxides, C3 substitution
predominates when 13c¢ is reacted with organoaluminium
reagents”** and the same selectivity has been claimed using
LiBr-free CD;Li in THF /ether as the nucleophilic species;?*® a
notable exception being the use of lithium dimethylcyanocup-
rate, however, which gave an inseparable 1:1 mixture of the
C2- and C3-methylation product.?*® The expected advantage of
using this epoxyalcohol was the possibility to improve both the
kinetics and the selectivity of the condensation process by
linking the C1 oxygen to a titanium (IV) ion: As evidenced by
Sharpless in the reaction of 13¢ with sodium thiophenoxide,
exchanging an isopropoxy of titanium (IV) isopropoxide to the
2,3-epoxy-butyloxy residue strongly favoured nucleophilic
attack at C3 (Scheme 6A);?*® notably, Payne rearrangement
of this epoxide—indeed observed in the un-catalyzed proc-

ess?°® —was then suppressed.
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Adding racemic epoxybutanol rac-13c to the lithium anion
of sulfone 30 (two-fold excess) in THF /hexane at —78 °C and
then allowing the reaction mixture to warm to room temper-
ature afforded, after 18 h at the same temperature, a 1:1 mixture
of sulfones rac-31a and rac-32 (by NMR) in moderate yield
(50%), which was improved to 82% (same selectivity) by
anionizing separately the oxide and the sulfone prior to mix-
ing the reagents, another notable modification being the use of
excess base to anionize the mono- to the dilithio-sulfone.?® As
illustrated, a dramatic change in selectivity was indeed ob-
served by first reacting rac-13c¢ with excess Ti(O-i-Pr), in THF
for one hour at 0°C and then adding the resulting titanium
alkoxide mixture to the cooled (—78 °C) dilithio-sulfone solu-
tion.?” Allowing the reaction mixture to warm up was necessary
to observe the condensation by TLC and after 2 hours at room
temperature an 85:15 mixture of, respectively, hydroxysulfones
rac-31a and rac-32 was isolated in good yield (78%). Finally,
after much experimentation, it was found that adding HMPA
(two molar equiv.) to the cooled (—78°C) dilithio-sulfone
solution, and then the titanium alkoxide mixture resulted in the
exclusive formation of the C3 product (83%) after only one
hour, when temperature had reached ca. —50°C. These results
deserve a few comments. That the titanium alkoxy ligand
exchange was an equilibrated process was reflected by the
almost linear rise in regioselectivity observed by incrementing
the number of equivalents of Ti(O-i-Pr),, thus justifying the
use of this alkoxide in two-fold excess. As to anionizing the
sulfone monoanion to the dianion, the net acceleration of the
condensation process then observed is likely to result from
release of the negative dipole interaction thus generated in the
transition state.”® However, exchange of a lithium to a titanium
(IV) ion in this dianionic species might also be considered. In
all preceding experiments with Ti(O-i-Pr)s, red colouration of
the reaction mixture was developed by rising temperature. Such
a colour change has previously been observed by reacting a
related dilithio-sulfone with C1,Ti(O-i-Pr),”® and though we
did not succeed in verifying this hypothesis it is possible that
a related titanium-sulfone species was the effective reagent.
Application of these results to our synthetic project proved less
than straightforward. Although reacting isobutyl phenyl sul-
fone 33 with rac-13c¢ under the latter conditions afforded, after
treatment of the diastereoisomeric diol-sulfone product with
Mg in MeOH, a single diol (by TLC) identified as rac-34 by
NMR experiments (COSY and '3C-'H correlations) in good
yield (overall 72%), reacting 12a with 13¢ under these condi-
tions resulted only in partial decomposition; possible degrada-
tion of the epoxide could not be estimated owing to its solu-
bility in water. As recommended by Heathcock in anionic
alkylation reactions to prevent decomposition of the sulfone,’
adding excess base to the epoxide/sulfone mixture proved
beneficial. Deceptively, however, the complex (by NMR) prod-
uct then isolated could not be separated owing to same polarity
of the constituents in TLC, thus preventing structure identi-
fication. Not too surprisingly, treating likewise 12a admixed
with the 13¢/Ti(O-i-Pr), reagent by excess BuLi was unsuc-
cessful, a complex mixture then being formed in TLC. An
acceptable solution was found by modifying our plan with the
use of the mono ethers 35a and 35b of trans-2,3-epoxy-1,4-
butanediol 35¢ in place of 13a/13b (Scheme 7).
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Following exploratory investigations,’! the condensation
reaction of epoxides 35a/35b with methyl’** and alkenyl®?®
organocuprates as nucleophilic reagents has found applications
in synthesis of propionic derivatives. Depending on the solvent
and reagent conditions used, variable selectivity in favour of
the 1,3-diol issued from nucleophilic attack at C2 (i.e., C2
product) has been observed, the side-formed C3 product—a
vicinal diol —being in each case eliminated by treatment of the
crude diol product with NalO4 owing to the same polarity of
these diols in TLC. Preferential formation of the C2 product in
these reactions has been suggested to result from a template
effect of the C1 alkoxide,?'® thus possibly explaining the high
proportion (50%) of 1,3-diol observed by reacting methyl
phenyl sulfone 30 with the lithium alkoxide of epoxide rac-13¢
(see above). Further evidence of such a directional effect has
elegantly been provided by reacting the lithium alkoxide of 35b
with AlMes to form an alkoxyaluminate that evolves into the
C2 methylation product, the efficiency of the process—C2/
C3 > 97:3—also benefiting from electrophilic activation of
the epoxide as illustrated in Scheme 7A.33 With all preceding
observations in mind, it could thus be envisioned that reacting
the lithium alkoxide of 35b with a lithio-sulfone would, as
indicated, benefit from same directional effect with the result
of a fast, C2 selective condensation process.** This has been
verified.

Adding BuLi (3 molar equiv.) to a mixture of 35b and
methyl phenyl sulfone 30 (used in two-fold excess to ensure
full conversion of the epoxide) in THF at —78°C and then
allowing the reaction mixture to warm up afforded, after elimi-
nation by column chromatography of unreacted 30 (82%), 1,3-
diol 36a (58%) and the isomeric diol 36b (22%), as established
by NMR analysis. Confirmation of these structures was secured
by treating an aliquot of the crude diol-sulfone product with
Hg-Na in MeOH to obtain, after hydrogenolysis of the benzyl
group [H,/Pd(OH),, EtOH], the known triol 37.3 In addition,
treating sequentially diol-sulfone 36a with TsCl and LAH gave
a hydroxysulfone identified as 31b by NMR. Next, reacting
likewise sulfone enz-38a (prepared from iodide ent-24b; sce
experimental) with 35b and then hydrogenating the diol-
sulfone product 39a—39b (isomeric ratio 4:1; by 'HNMR)
afforded a single triol assigned structure 40 by NMR analyses.
Application of these results to our planned synthesis was then
realized using sulfone ent-12a (Scheme 8). Adding the base
to the cold (—78 °C) sulfone/epoxide mixture in THF [BuLi/
ent-12a/35b molar ratio 2.5:1.5:1] and then allowing the
reaction mixture to warm up for 15 min afforded, after separa-
tion by column chromatography of unreacted ent-12a (80%), a
diastereomeric diol-sulfone product that was desulfonylated
with Na-Hg in MeOH. Column chromatography of the result-
ing two-component mixture (in TLC) then afforded succes-
sively diol 42a (overall 72%), and the vicinal diol 42b (11%);
notably, the use of freshly prepared (within two hours) sodium
amalgam proved crucial to observe a good yield. Although
conversion of 42b into 19a would have been possible,*> the
next steps were realized only using 42a, which was reacted
with TsCl/DMAP to give tosylate 42¢, alongside the bis-
tosylate 42d (4%) which was converted into diol 42a by
treatment with Mg in MeOH.>® Treating 42¢ with LAH and
then hydrolyzing the TIPS ether 19a with TBAF delivered diol

© 2019 The Chemical Society of Japan


http://dx.doi.org/10.1246/bcsj.20180292

Plan OPMB ) OBn
, () J—— .
‘OTBDMS .- ‘OH
oY)
“10 from Ref. 33 HO
BnO oB
PhSO, n
0 w7 “'OH
35 OH 16 HO
C2 product
preferred to
PhSO, OH
e }
TIPSO kY ‘OH
BnO™  ¢3 product
PhSO,Me 30 (2 equiv.)
: . i) Na*Hg, MeOH
B#'g'o(é’ foqggv')'IoH"Fc' OBn OH ii) Hy, PA(OH),, OH i) TsCUDMAP, pyridine OBn
omn EtOH ii) LAH, ether
3 ——» PhSO; “OH PhSO, “'OH 36a/36b ——— “OH 36a ——> PhSO, “OH
ent-38a (1.5 equiv.), HO BnO HO
BuLi (2.5( equi\?.), TI>-|F, 36a (58%) 36b (22%) 37 31b
-78°C to ca. - 40 °C, R
30 min '
i) Na*Hg, MeOH !
HO if) Hy, Pd(OH),, HO ! Steps
EtOH | ent2ab — > Phsog/YOTIPS
—_— i
HO HO See experimental ent-38a

HO” 40 (overall 50%)
(39a:39b = 4:1)

Scheme 7. Alternate plan and model experiments with epoxide 35b.
HO
ent-12a (1.5 equiv.)

BuLi (2.5 equiv)), THF, HO OTIPS j\:/Y\‘AOTIPS j\/\‘/YOTIPS
Hg, MeOH /'

BnO -78°C to ca. -40 °C, 2 /) Na-

-
30 min BnO™  41p i) Separation BnO 42b (11%) 42d (4%)
—_— +
BnO
° o BnO Tscupmap B0
35b pyridine
HO™ OTIPS HO OTIPS —_» HO
> :
H -
° HO 42a (72%) TsO™  42¢ (88%)
i) LAH, ether
i) TsCI/DMAP, ii) TBAF-3H,0,
pyridine THE
i) NaSPh, EtOH BnO iiy TBDMSOTH, BnO
iy m-CPBA, CH,Cl, collidine, CH,Cl,
so,ph TBDMSO OTs HO
20 (98%) 19c (72%) 19a, R=TIPS
19b, R=H (92%)
i) 20 (1.4 equiv.) i) TSCI/DMAP,
BulLi (2.4 equiv.), THF, -78 °C to pyndlne
OPMB ca. -40 °C, 30 min BnO ii) LAH, ether BnO OPMB
iiy NasHg, MeOH iii) TBDMSOTf,
i i collidine, CH,ClI 'u
iif) Separation TBDMSO 2~'2 TBDMSO : OTBDMS

2¢ (72.4%)

43a (77%)

i DDQ (Ref. 9a)
OH

"OTBDMS
43b (8%)

2d (98%)
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Scheme 9. Iteration of the propionate homologation process.

19b (92%). Tosylation of the primary alcohol using TsCl/
DMAP and silylation of the secondary with the TBDMSOTf/
collidine reagent then afforded tosylate 19¢ (72%), which was
reacted sequentially with sodium thiophenoxide and m-CPBA
to give sulfone 20 (98%). Finally, 20 was reacted with epoxide
35a under the same conditions as above. Processing similarly
the reaction mixture then afforded, alongside unreacted 20
(82%), a diol-sulfone product which was treated by Na-Hg in
MeOH. Chromatography of the resulting two-component mix-
ture (by TLC) on silica gel then gave successively 43a (overall
77%, from 35a), and the isomeric diol 43b (8%). Reacting 43a
with the TsCl/DMAP reagent afforded a mono-tosylate which
was treated with LAH to give, after silylation of the alcohol
with TBDMSOTH, the targeted fragment 2c¢ (72.4%; identical
NMR data as reported’®). Finally, treating 2¢ with DDQ in
CH,Cl,/pH 7 phosphate buffer as described then gave alcohol
2d (98%) in high purity, as estimated by HPLC, NMR and
esterification using the (S) Mosher acid.

With a view to designing a simplified access to 2¢ from
tosylate 19¢, the possibility to iterate the sequence used to
convert 24b into the stereodiad alcohol 4¢ was then considered
(Scheme 9).

To this end, 19¢ was reacted with dimethyl sodio-malonate,
the formed malonate then being converted into the propanediol
44 by treatment with LAH. Reacting this diol with vinyl ace-
tate and added PSL indeed afforded, after purification by col-
umn chromatography, a monoacetate product that was treated
sequentially with TsCl and LAH to give alcohol 45 as a 4:1
diastereomeric mixture (by '"HNMR). However, as previously
observed with the alcohol mixtures issued from condensations
of epoxide 13¢ and Gilman’s reagents, owing to same polarity
of the constituents in TLC, we never succeeded in separating
these diastereomeric alcohols by chromatography on silica gel
and no more success was achieved by using HPLC.

Finally, in passing, the reactivity of the isomeric cis-epoxide
46 —only the racemic form rac-46 — with model sulfones was
tested with a view to evaluating the scope of this methodology
(Scheme 10). The reactivity of this cis-epoxide with Gilman’s
reagents parallels that of the trans isomer, with the incomplete
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C2 selectivity achieved with organocuprates®’® being improved
either using organoaluminate®”® or lithium reagents;>’® with the
latter, side formation of isomeric diols is observed owing to
Payne rearrangement of the epoxide under these conditions.
Adding rac-46 to the lithio derivative of methyl phenyl sulfone
30 (two-fold excess) in THF at —78 °C with added HMPT (or
DMPU) and then immediately allowing the resulting mixture
to warm to room temperature afforded, after purification by
column chromatography, a diol-sulfone product (83%) mainly
consisting of the C2 product rac-47a (C2/C3 product ratio
96:4; by NMR). Reacting likewise the epoxide with isobutyl
phenyl sulfone 33 produced in high yield (95%) a diastereo-
meric mixture (by NMR) from which the main constituent was
isolated by crystallization from pentane/CHCIl; as colourless
prisms assigned structure rac-48 by X-ray diffraction analysis.
Strikingly, as previously observed in experiments with titanium
isopropoxide (see above), and in contrast with observations
made with the trans-epoxide (only faint colouration of the reac-
tion mixture was observed), in the two preceding experiments
the reaction mixture turned on red by increasing temperature,
when the reaction was apparent by TLC. A possible explan-
ation came to light when epoxide rac-46 was reacted with ¢
butyl dodecyl sulfone 49 with a view to testing the apparent
impact of the chain length on sulfone reactivity. No condensa-
tion product was shown (TLC) by anionizing 49 with butyl-
lithium in THF at —78 °C and then reacting the formed lithium
anion with rac-46, alone or with added HMPT (or DMPU).
However, slowly adding BuLi to the sulfone/epoxide THF
solution at low temperature (—78 °C) and then allowing the
reaction mixture to warm up indeed resulted in the isolation in
good yield (90%) of sulfone rac-50 as a mixture of diastereo-
isomers (by NMR). Surprisingly, however, the yield dropped
to 57% by adding the base to the sulfone/epoxide mixture at
0°C, another puzzling observation being the greater conversion
of the epoxide compared to the sulfone in these conditions.
As illustrated in Scheme 10A, 1-benzyloxy-2,3-epoxyalkanes
have previously been shown to isomerize into hydroxymethyl-
oxetanes under strongly basic conditions (viz. LDA/#BuOK
in THF)*® and a possibility was that epoxide rac-46 had rear-
ranged similarly. This was verified by adding excess BuLi and
HMPT (3 molar equiv. of each) to a cooled (—78°C) THF
solution of rac-46. A red colouration progressively developed
and 15 min later, when the temperature was ca. —30°C, TLC
analysis revealed the formation of a new product that was
purified by chromatography to give an oil (62%) identified as
rac-51 by '"HNMR,3# and observed by GC-mass in the pre-
ceding crude condensation product.

In summary, independently of the configuration of the 4-
benzyloxy-butanol oxide used, in those cases where, owing to
the substitution pattern and/or length of the alkyl chain, the
sulfone anion is weakly reactive, anionizing the sulfone at
—78 °C and then adding the epoxide mainly resulted in decom-
position of the sulfone, especially when temperature was kept
low. As shown by Heathcock in the terpene series, this degra-
dation is most likely a second-order process and formation
of the diol-sulfone should be kinetically disfavoured at high
lithio-sulfone concentration, with decomposition of the sulfone
then prevailing, as observed. Consistent with this view, good
yields of condensation product were achieved by slowly adding
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Scheme 10. Experiments with the cis-epoxide rac-46.

the base to the sulfone/epoxide mixture in the cold and then
increasing the temperature: The epoxide/lithiosulfone ratio
then being higher compared to preceding conditions, the con-
densation process should be favoured over decomposition, as
observed. With the cis-epoxide rac-46, in contrast with experi-
ments using 35a/35b, and as attested by the red colouration of
the reaction mixture, anionization of a benzylic CH bond of the
epoxide occurs, a dichotomy in reactivity possibly resulting
from participation —impossible in the frans configuration — of
the lithium alkoxide in the anionization process. Therefore, in
cases where the sulfone is weakly reactive, rearrangement of
the resulting benzylic anion to an oxetane may compete with
the condensation reaction, especially if a high temperature is
used: On entropy grounds, this rearrangement process should
then be favoured, and was indeed found to be significant by
adding the base to the sulfone/epoxide mixture at 0 °C.

3. Conclusion

The necessity of using epoxides 35a and 35b, and thus of
proceeding twice to a tosylation/LAH reduction sequence to
generate the C4 and the C10 methyl group of the targeted C2-
C12 fragment of borrelidin (1) alters to some extent the value
of this synthesis, with the ent-23-2d homologation process
being rendered relatively lengthy—25 steps; 11% overall
yield —compared with Morken’s approach (total 19 steps;
overall 16%, from methyl acrylate). A few positive aspects
emerge from this study, however.

With regards to the efficiency of the process, the strategy
used to prepare the syn stereodiad sulfones 12a and enz-12a
from Roche esters competes favourably with existing method-
ologies.?® Facilitated by the use of the trityl protection, elimi-
nating impurities —both enantio- and diastereoisomeric —was
conveniently realized by recrystallization of key intermediates,
thus permitting, in addition to X-ray structures, access to these
enantiomeric sulfones in pure state; another advantage being
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the possibility of preparing likewise the parent anti stereodiad
derivatives from same precursors.

Notwithstanding their aforementioned impact on the length
of the synthesis, using epoxides 35a/35b in place of 13a/13b
turned out to be an advantage. In addition to the ready avail-
ability of these epoxides with high ee (>98%), owing to the
dichotomy in polarity of the constituents in TLC, purification
of the diol mixtures issued from the condensation/desulfo-
nylation sequence could be efficiently realized by chromatog-
raphy on silica gel, the outcome being a highly enantio- and
diastereoselective preparation of a key intermediate of the
Morken’s borrelidin synthesis.

Also worthy of note is the high selectivity achieved either by
reacting model sulfones with the cis-epoxide rac-46 or with
epoxybutanol 13c¢ and added Ti(IV) isopropoxide. Altogether
the results presented in this publication pave the way for further
applications of the methodologies described in the stereo-
selective synthesis of propionic derivatives.

4. Experimental

General. Infrared (IR) spectra were recorded in KBr pellets
on a Perkin Elmer Spectrum One apparatus. Unless otherwise
indicated, 'H and '3CNMR spectra were recorded on a Bruker
Avance-300 apparatus at 300 and 75 MHz, respectively; Bruker
AC-200 and Bruker DPX-400 for 200/50 and 400/100 MHz
'H and '3CNMR experiments. Chemical shifts (8) are reported
in parts per million relative to the solvent resonance as the
internal standard [CD(H)Cls, 7.26 and 77 ppm respectively].
Signal multiplicity is described as s, singlet; d, doublet; t,
triplet; m, multiplet; br, broad. Melting points (mp) have been
measured on an Electrothermal apparatus. Optical rotations
were measured at 20 °C using a Perkin-Elmer 341 polarimeter
equipped with a sodium lamp (589.3nM); ¢ in g/100 mL.
Elemental analyses were realized at the laboratory of analyses
of the Faculty of Chemistry of the University of Strasbourg.
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GC-MS analyses were performed on a Shimadzu-QP5050
GCMS apparatus. GC analyses were performed on an HP 6890
apparatus equipped with an HP-5 crosslinked 5% Ph-Me silox-
ane (30m x 0.32m x 0.25mm). HPLC analyses were per-
formed on a Waters Alliance apparatus equipped with a Waters
2996 UV detector using either a 150 x 4.6 mm, 3 u HyPurity®
Aquastar (60:40 acetonitrile/water; flow 2.5mL/min) or a
150 x 4.6mm, 3p Chiralpak® AD column (95:5 hexane/
2-propanol; flow 1.0mL/min) for de and ee determination
respectively. TLC analyses were performed on silica gel (60
GF254 Merck); with spot visualisation by exposure to UV light
(254nm) or treatment with H,SO,4/vanillin reagent, alkaline
KMnOj, or iodine vapour. Column chromatography refers to the
Stille method using Merck 60H silica gel; unless it is otherwise
stated, a slow gradient of solvents was realized. All experi-
ments were performed in dried glassware, under an argon
atmosphere with magnetic stirring; three “freeze/pump/thaw”
cycles for all sulfone/epoxide condensation experiments. All
solvents used were freshly distilled from an appropriate reagent
[Na—benzophenone (ether, THF); Mg (MeOH, EtOH), CaH,
(CH,CI,, DMF); K,CO; (EtOAc); P4Oy¢ (pentane, hexane,
CHCly)]. Pyridine, triethylamine and 2,4,6-collidine were dis-
tilled from CaH,. Tosyl chloride and PPh; were re-crystallized
from hexane. Thiophenol and BF;-Et,0O were distilled from
CaH,. Ti(O-i-Pr); (Bp 75°C at 1 Torr) and L-(+)-di-isopropyl
tartrate (Bp 77 °C at ca. 0.1 Torr) were distilled just before use.
Trans-crotonic acid was recrystallized twice from hot hexane
(mp 72 °C). cis-2-Butene-1,4-diol 52a was distilled from CaH,
(Bp 83°C at 10Torr). The S- and R-Roche ester, #-butyldi-
methylsilyl chloride, #-butyldimethylsilyl triflate, diphenyl-#-
butylsilyl chloride, triisopropylsilyl triflate, 4-N,N-dimethyl-
aminopyridine and the lipases were purchased at the highest
commercial quality and used as received (all reagents from
Fluka-Sigma-Aldrich). All other reagents were available. n-
BuLi solutions (in hexane; only freshly opened bottles were
used) were titrated with N-pivaloyl-o-toluidine. All enzyme-
catalyzed acetylation experiments have been realized at 0 °C in
THF using freshly distilled vinyl acetate as described in a
previous publication;*® importantly, in order to avoid epimer-
isation, a low temperature was used during all processing
operations and the monoacetate product was immediately used
in the next step. Powdered 3A molecular sieves were activated
by heating at ca. 400 °C for 2 days in an oven and then allowed
to cool down in a desiccator. The epoxides trans-35a and
trans-35b were prepared by epoxidation under Sharpless con-
ditions of the monobenzyl ethers trans-53a and trans-53b of
trans-2-butene-1,4-diol trans-53c as reported;*'* the protocols
used are described in the Supplementary Material. For hydro-
genation experiments, Pearlman’s catalyst (ca. 40 mg/mmol)
was added to a degassed solution of the substrate in EtOH
(ca. 3mL/mmol). The resulting mixture was stirred at rt in a H,
atmosphere for 1h and then filtered on a bed of Celite®
(washings with MeOH). The residue left by evaporation of
the solvents was purified by column chromatography (hexane/
EtOAc). X-ray analyses: the crystals were placed in oil, and a
single crystal was selected, mounted on a glass fibre and placed
in a low-temperature N, stream. X-ray diffraction data collec-
tion was carried out on a Nonius Kappa-CCD diffractometer
equipped with an Oxford Cryosystem liquid N, device, using
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Mo-Ka radiation (A= 0.71073 A). The crystal-detector dis-
tance was 36 mm. The cell parameters were determined (Denzo
software*®*) from reflections taken from one set of 10 frames
(1.0° steps in phi angle), each at 20 s exposure. The structures
were solved by direct methods using the program SHELXS-
97.43% The refinement and all further calculations were carried
out using SHELXL-2013.4% The H-atoms were included in
calculated positions and treated as riding atoms using SHELXL
default parameters. The non-H atoms were refined anisotropi-
cally, using weighted full-matrix least-squares on FZ.

General Protocol for Ester Reduction Experiments. All
these experiments have been realized similarly and only the
reduction of ester 23 to alcohol 24a with LAH is described.

(R)-3-Trityloxy-2-methyl-propanol 24a: In a 500-mL
round-bottomed flask equipped with a condenser connected to
an argon line, and an addition funnel with a pressure-equalizing
system, a solution of ester 23 (60 g, 166.5 mmol) in ether (650
mL) was added dropwise at rt to a stirred suspension of LAH
(12.63 g, 392.8 mmol) in ether (200 mL). The reaction mixture
was further stirred for 45 min before being cooled (ice bath),
and diluted with ether (850 mL) and THF (250 mL). With good
stirring, 10% aqueous NH4Cl (120mL) was added progres-
sively. The liquid phase was separated and the solids were thor-
oughly extracted with hot EtOAc (7 x 300mL). The pooled
organic phases were filtered on Celite (washings with EtOAc)
and the filtrates were concentrated in a vacuum to afford a solid
which was recrystallized twice from hot hexane to give 100%
ee alcohol 24a (49.37g, 90%) as a white solid; [a]p +22.2
(c 1.0, CH,Cl,); HPLC (Chiralpak ADj; hexane:isopropanol =
95:5, flow 1mL/min) R, = 10.13 min; TLC (hexane:ether =
4:1) Ry=0.36; mp 72-74°C; IR (KBr, cm™!): 3663, 3456,
3298, 3016, 2970, 2948, 2867, 2376, 2353, 2346, 2332, 2320,
2142, 1738, 1595, 1488, 1448, 1365, 1228, 1217, 1159, 1091,
1071, 1044, 1031, 1002, 989, 921, 897, 775, 760, 742, 705,
699, 692, 667; 'HNMR (200 MHz, CDCl;): § 0.86 (d, J =
7.0Hz, 3H), 1.95-2.15 (m, 1H), 2.30 (dd, /= 6.4, 5.1 Hz, 1H,
OH), 3.02 (dd, J=9.0, 7.8 Hz, 1H), 3.23 (dd, /= 9.9, 4.3 Hz,
1H), 3.51-3.67 (m, 2H), 7.23-7.46 (m, 15H); *CNMR (50
MHz, CDCl3): § 13.9, 36.1, 67.6, 67.9, 87.0, 127.1, 127.8,
128.7, 143.9; MS (CI-NHj3): m/z 332 (M), 297, 259, 243, 228,
215, 202, 183, 165, 152, 115, 105, 91, 77.

(8)-3-Trityloxy-2-methyl-propanol ent-24a: Same proto-
col as above. From ester ent-23 (60.0 g, 166.5 mmol). Isolated:
alcohol ent-24a (49.37 g, 90%) as white crystals; [o]p —22.2
(c 1.0, CH,Cl,); HPLC (Chiralpak AD; hexane:isopropanol =
95:5, flow 1 mL/min) R; = 8.18 min; mp 72-74 °C.

General Protocol for Alcohol Iodination Experiments.
All these experiments have been realized similarly and only the
conversion of 24a into iodide 24b is described.

(8)-3-Trityloxy-2-methyl-1-iodo-propane 24b:  Alcohol
24a (5 g, 15.04 mmol), PPh; (4.34, 16.55 mmol) and imidazole
(1.23 g, 18.05mmol) were charged in a flask connected to an
argon/vacuum line. DMF (20 mL) was added with a syringe
and the resulting solution was thoroughly degassed before
being cooled to 0°C (ice bath). With stirring, a solution of
iodine (4.20g, 16.54 mmol) in DMF (13.8mL) was added
dropwise with a syringe. After 15 min stirring, the cooling bath
was removed and the reaction mixture was stirred 2h at rt.
A solution of iodine (0.50g, 1.97 mmol) in DMF (5 mL) was
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then added and the resulting orange solution was stirred for a
further 2 h before being poured into a vigorously stirred mix-
ture of ether (250mL) and 10% aqueous Na,;S,03; (250 mL).
The aqueous layer was extracted with ether (4 x 50 mL) and
the pooled organic phases were washed with water (7 x 50
mL), brine (2 x 100mL), and dried (MgSQOy,). The pale yellow
oil left by evaporation of the solvents in a vacuum was chro-
matographed on silica gel (hexane/CH,Cl,) to give iodide 24b
(6.47 g, 97%) as a colourless oil; [a]p +11.5 (¢ 1.0, CH,Cl);
TLC (hexane:Et,0 = 4:1) Ry = 0.60; IR (KBr, cm™'): 3086,
3057, 3031, 3022, 2969, 2926, 2913, 2868, 1596, 1490, 1448,
1220, 1198, 1181, 1153, 1117, 1087, 1072, 1033, 898, 773,
763, 745, 706, 647, 632; 'THNMR (200 MHz, CDCl;): § 0.96
(d, J=6,7Hz, 3H), 1.73-2.90 (m, 1H), 2.94 (dd, J=09.1,
7.0Hz, 1H), 3.07 (dd, J=9.1, 5.1 Hz, 1H) 3.30 (dd, J=9.5,
6.2Hz, 1H), 3.41 (dd, J=19,5, 4,8Hz, 1H), 7.19-7.49 (m,
15H); BCNMR (50MHz, CDCl;): 8§ 14.2, 18.4, 36.2, 67.2,
86.7, 127.3, 128.1, 129.0, 144 ,4.

(R)-2-Methyl-3-trityloxy-1-iodo-propane ent-24b: Same
protocol as above, from alcohol ent-24a (30.0 g, 90.2 mmol).
Isolated: iodide en#-24b (39.50 g, 98%) as a colourless oil; [a]p
—11.4 (C 1.0, CH2C12)

Diethyl (R)-3-Trityloxy-2-methyl-propylmalonate 25: In
a flask connected to an argon line, and equipped with an addi-
tion funnel with a pressure-equalizing system containing a
solution of iodide 24b (6.47 g, 14.63 mmol) in toluene (10 mL),
NaH (530mg, 21.96 mmol) was covered with DMF (10 mL)
and, with stirring, and cooling (ice bath), diethyl malonate (3.6
mL, 23.42 mmol) was added with a syringe. After 15 min stir-
ring at 0 °C, the bath was removed and the iodide solution was
added dropwise over ca. 20 min. The resulting yellow mixture
was heated for 4 h at ca. 80 °C (bath) and then allowed to cool.
After 12hours stirring at rt, the reaction mixture was poured
into a vigorously stirred mixture of ether (350mL) and water
(350mL). After 10 min stirring, the aqueous layer was extract-
ed with ether (4 x 100mL) and the pooled organic layers were
washed with water (4 x 100mL), brine (2 x 100mL), and
dried (MgSO,). The solvents were evaporated in a vacuum
and the residue was further dried in a good vacuum to give
malonate 25 (6.59 g, 95%) as a pale yellow oil which was used
in the next step without further purification; [a]p —1.2 (¢ 1.0,
CH,Cl,); TLC (hexane:Et,;O = 7:3) Ry = 0.50; IR (KBr, cm™):
3086, 3058, 2979, 2933, 2872, 1732, 1596, 1490, 1476, 1463,
1448, 1389, 1369, 1325, 1300, 1254, 1226, 1178, 1153, 1090,
1070, 1031, 899, 856, 765, 746, 707, 647, 632; 'HNMR
(200 MHz, CDCls): § 1.05 (d, J=6.0Hz, 3H), 1.24 (t, J=
7.2Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 1.75-1.82 (m, 2H), 2.09-
2.17 (m, 1H), 3.00 (dd, J=5.4, 1.3Hz, 2H), 344 (t, J=
7.2Hz, 1H), 4.14-4.28 (m, 4H), 7.20-7.50 (m, 15H); *CNMR
(50 MHz, CDCl3): § 14.2, 17.4, 32.0, 33.0, 50.1, 61.4, 67.9,
86.4, 127.0, 127.8, 128.8, 144.4, 169.7, 169.8.

Diethyl (S)-3-Trityloxy-2-methyl-propylmalonate ent-25:
Same protocol as above. From iodide ens-24b (5.0g, 11.3
mmol). Isolated: Diethyl malonate ent-25 (4.90g, 92%) as a
colourless oil; [a]p +1.1 (¢ 1.0, CH,CL).

(R)-2-(3-Trityloxy-2-methyl-propan-1-yl)-propane-1,3-diol
22a: Same protocol as for the 23-24a conversion. In ether
(60mL); LAH (1.06 g, 27.9 mmol). From malonate 25 (6.95 g,
14.6 mmol). Isolated, after a purification by column chroma-
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tography (hexane/EtOAc): Diol 22a (4.28 g, 85%) as a white
solid; [a]p +5.9 (¢ 1.0, CH,Cl,); mp 63-64 °C; TLC (EtOAc)
Ry=0.41; IR (KBr, cm™!): 3368, 3086, 3058, 3032, 2956,
2923, 2872, 1490, 1448, 1241, 1221, 1088, 1069, 1032, 774,
764, 746, 707, 648, 632, 618; 'THNMR (CDCl;): § 0.98 (d,
J=6.4Hz, 3H), 0.93-1.08 (m, 1H), 1.24-1.42 (m, 1H), 1.70-
1.86 (m, 2H), 2.18 (s, 2H, 2 OH), 2.96 (d, J=4.0Hz, 2H),
3.53-3.85 (m, 4H), 7.20-7.46 (m, 15H); '3C (CDCl): § 17.7
(CH3), 31.4 (CH), 31.6 (CH»), 39.3 (CH), 66.4 (CH,OH), 67.1
(CH,OH), 68.4 (CH,), 86.2 126.8, 127.7, 128.7, 144.3; MS
(CI-NH3): m/z 390 (M), 296, 244, 184, 166, 130, 105, 95, 77,
55; Anal. Found: C, 79.85; H, 8.03%. Calc. for C,sH3¢05: C,
79.97; H, 7.74%.

(5)-2-(3-Trityloxy-2-methyl-propan-1-yl)-propane-1,3-diol
ent-22a:  Same protocol as above. From malonate ent-25
(15.53 g, 32.7mmol). Isolated: diol enz-22a (11.53 g, 90%);
[alp —5.9 (c 1.0, CH,Cl,).

(2R,4R)-5-Trityloxy-4-methyl-2-hydroxymethyl-pentyl
Acetate 22b and (2R)-2-(3-Trityloxy-2-methyl-propan-1-yl)-
propane-1,3-diyl Diacetate 22d: In a flask connected to an
argon line, with stirring, Amano lipase AK (3.24 g) was added
to a cooled (ice bath) solution of diol 22a (3.24 g, 8.31 mmol)
and vinyl acetate (11.5 mL, 124.6 mmol) in THF (83 mL). After
8 h stirring at 0 °C, the reaction mixture was diluted with ether
(100 mL) before being filtered on a bed of pre-washed (ether)
Celite (washings with ether). The pooled filtrates were evapo-
rated in vacuo at ca. 10-15 °C (water bath) and the oily residue
was chromatographed on silica gel (hexane/ether) to give suc-
cessively, after elimination of the solvents as above: diacetate
22d (269 mg, 9%), and the monoacetate 22b (3.27 g, 91%);
TLC (EtOAc) Ry=0.63; 'HNMR (CDCl3): § 0.98 (d, J=
6.7Hz, 3H), 1.02-1.18 (m, 1H), 1.43-1.56 (m, 1H), 1.74-1.91
(m, 2H), 2.07 (s, 3H), 2.34 (s, 1H, OH), 2.97 (d, /= 6.0Hz,
2H), 3.42-3.59 (m, 2H), 4.04 (dd, J=11.2, 6.2Hz, 1H), 4.18
(dd, J=11.2, 42Hz, 1H), 7.20-7.50 (m, 15H); 3CNMR
(CDCly): § 17.5 (CH3), 20.8 (CH3), 31.1 (CH), 31.7 (CHp),
37.7 (CH), 63.1 (CHy), 64.2 (CH,), 68.2 (CH,), 86.1 (C),
126.8, 127.6, 128.6, 144.2, 171.6. 22d: TLC (EtOAc) Rs=
0.70; 'HNMR (CDClL3): 8 1.02 (d, J = 6.6 Hz, 3H), 1.01-1.24
(m, 1H), 1.54-1.68 (m, 1H), 1.76-1.97 (m, 1H), 1.99-2.16 (m,
1H), 2.08 (s, 3H, CHj3), 2.09 (s, 3H, CHj3), 3.01 (d, /= 5.8 Hz,
2H, CH,), 4.004.11 (m, 4H, CH,), 7.23-7.52 (m, 15H);
BCNMR (CDCls): § 17.4 (CH3), 20.7 (CH3), 31.0 (CH), 32.2
(CH,), 34.5 (CH), 63.8 (CH,), 64.6 (CH,), 68.1 (CH,), 86.1
(©), 126.8, 127.6, 128.6, 144.2, 170.9.

General Protocol for Tosylation Experiments. All these
experiments were similarly realized and only the tosylation of
monoacetate 22b is described.

(28,4R)-5-Trityloxy-4-methyl-2-(tosyloxymethyl)-pentyl
Acetate 22f: In a flask connected to an argon line, with stir-
ring, and cooling (ice bath), tosyl chloride (3.27 g, 7.56 mmol)
and DMAP (103 mg, 0.83 mmol) were added sequentially to a
solution of monoacetate 22b (3.27 g, 7.56 mmol) in pyridine
(8.5mL). The resulting mixture was kept for 1 d at ca. 5°Cin a
freezer. With cooling (ice bath), Na,B407.10H,0 (5.4 g, 12.46
mmol) was added and after 1 h stirring the reaction mixture was
poured into a vigorously stirred mixture of ether (75 mL) and
iced 1 M aqueous HCI (50 mL). The aqueous layer was extract-
ed with ether (4 x 30 mL) and the pooled organic phases were
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washed with 1M HCI (2 x 20mL), brine (4 x 40mL), dried
(MgS0,), and filtered on a short column of silica gel (washings
with ether). Elimination of the solvents in a vacuum then
afforded tosylate 22f as a colourless oil (4.4g, 100%); [alp
+6.2 (c 1.0, CH,Cl); TLC (hexane:EtOAc = 1:1) Ry = 0.60;
"HNMR (CDCl3): 8 0.98 (d, J = 6.6Hz, 3H), 0.99-1.24 (m,
1H), 1.44-1.61 (m, 1H), 1.68-1.83 (m, 1H), 2.00 (s, 3H), 2.01-
2.07 (m, 1H), 2.51 (s, 3H), 2.97 (d, J = 5.7 Hz, 2H), 3.91-4.12
(m, 4H), 7.25-7.85 (m, 19H); '3CNMR (CDCls): § 17.4 (CH3),
20.7 (CHs), 21.6 (CH3), 30.9 (CH), 32.2 (CH,), 34.2 (CH),
63.8 (CHy), 70.1 (CHy), 86.3 (C), 126.8, 127.7, 127.9, 128.6
132.8, 144.2, 144.8, 170.7; Anal. Found: C, 71.73; H, 6.78%.
Calc. for C35H3306S: C, 71.65; H, 6.53%.

(25,4R)-5-Trityloxy-2,4-dimethyl-pentan-1-ol 4c:  Gen-
eral protocol for ester reduction experiments. Tosylate 22f
(4.4 g) was reacted with excess LAH in ether to give, after
usual processing and a purification by column chromatography
(hexane/EtOAc), 99.4% de (by HPLC) alcohol 4¢ (2.77g,
89%) as a thick colourless oil; [a]p —4.8 (¢ 1.0, CH,Cl,); TLC
(hexane:EtOAc = 3:2) Ry = 0.52; IR (KBr, cm™"): 3350, 3058,
2916, 1738, 1596, 1490, 1447, 1374, 1318, 1220, 1153, 1069,
990, 898, 760, 706, 632; 'HNMR (CDCl3): § 0.94 (d, J=
6.6 Hz, 3H), 1.07 (d, J = 6.7 Hz, 3H), 0.98-1.09 (m, 1H), 1.45-
1.67 (m, 2H), 1.81-1.93 (m, 1H), 2.92 (dd, J= 8.8, 6.6Hz,
1H), 3.07 (dd, J = 8.8, 5.2 Hz, 1H), 3.39 (dd, J = 10.5, 6.6 Hz,
1H), 3.51 (dd, J = 10.5, 5.0 Hz, 1H), 7.26-7.39 (m, 9H); 7.48-
7.53 (m, 6H); >*CNMR (CDCls): 8 17.4 (CH;), 18.6 (CH3),
31.5 (CH), 33.5 (CH), 37.7 (CH,), 68.3 (CH,), 68.5 (CH),
86.3 (C), 126.9, 127.8, 128.9, 144.6; MS (CI-NH;): m/z 374
(M), 297, 259, 243, 228, 215, 202, 183, 165, 154, 131, 113,
105.

(28,4R)-5-Trityloxy-2,4-dimethyl-1-iodo-pentane 26:
General protocol for alcohol iodination experiments. From
alcohol 4¢ (1.8 g, 4.8 mmol). After filtration of the crude prod-
uct on silica gel (hexane) and recrystallization from MeOH/
EtOAc of the solid then isolated, iodide 26 (2.19 g, 94%) was
obtained as colourless crystals; [a]p +1.7 (¢ 1.0, CH,Cly);
TLC (hexane:CH,Cl, = 1:1) Ry=0.69; mp 95°C; 'HNMR
(CDCI3): 6 0.96 (d, J= 6.4Hz, 3H), 1.00 (d, J = 6.8 Hz, 3H),
0.98-1.08 (m, 1H), 1.38-1.55 (m, 2H), 1.72-1.89 (m, 1H), 2.93
(dd, J= 8.8, 6.0Hz, 1H), 3.00 (dd, J= 8.8, 5.5Hz, 1H), 3.11
(dd, J=9.6, 5.9Hz, 1H), 3.25 (dd, J = 9.6, 3.7 Hz, 1H), 7.24—
7.36 (m, 9H), 7.43-7.57 (6H); *CNMR (CDCl;): § 17.9 (CH3),
18.1 (CHp), 21.3 (CH3), 31.4 (CH), 31.7 (CH), 40.8 (CHy),
68.1 (CH,), 86.2 (C), 126.8, 127.7, 128.7, 144.4; MS (CI-NHj3):
m/z 484 (M), 407 (M — C¢Hs), 243, 183, 165, 105; crystal
data CycHpolO, MW = 484.39, 0.20 x 0.20 x 0.15 mm, Ortho-
rhombic, space group P2;2:2;, T=293K, a=9.2340(1),
b = 11.3960(2), ¢ =21.8720(4) A, V =2301.60(6) A%,
[ (Mo-Ka) =0.71073 A, m=1404mm~". A total of 6702
reflections were measured and 6702 were independent. Final =
R1 =0.0391, wR2 = 0.0754 (3440 refs; I > 2s(])), and GOF =
0.973 (for all data, R1 = 0.1214, wR2 = 0.0939).

(25,4R)-5-Trityloxy-2,4-dimethyl-1-tosyloxy-pentane 4d:
General protocol for tosylation experiments. From alcohol 4¢
(250 mg, 0.67 mmol). Obtained, after column chromatography
(hexane/EtOAc): Tosylate 4d (328 mg, 93%) as a viscous
colourless oil; [a]p +4.0 (¢ 1.0, CH,Cly); TLC (hexane:
EtOAc = 1:1) Ry=0.41; 'HNMR (CDCl3): § 0.84 (d, J=
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6.4Hz, 3H), 0.92 (d, J = 6.8 Hz, 3H), 0.89-0.97 (m, 1H), 1.32—
1.45 (m, 1H), 1.64-1.80 (m, 2H), 2.42 (s, 3H), 2.82 (dd, J =
8.6, 6.0Hz, 1H), 2.92 (dd, J = 8.6, 5.2Hz, 1H), 3.71 (dd, J =
9.4, 6.7Hz, 1H), 3.84 (dd, J = 9.4, 5.2Hz, 1H), 7.20-7.31 (m,
11H), 7.40-7.45 (m, 6H), 7.76 (d, J = 8.3 Hz, 2H); '3C NMR
(CDCl;): 8 17.1 (CH3), 18.1 (CH3), 21.6 (CH3), 30.3 (CH),
31.1 (CH), 37.2 (CHy), 67.9 (CH,), 75.0 (CHp), 86.2 (C),
126.8, 127.7, 127.9, 128.7, 129.7, 133.1, 144.3, 144.5; MS
(CI-NH3): m/z 529 (M + H™), 528 (M), 451, 413, 356, 326,
285, 243, 215, 202, 183, 155, 139, 120, 113.

General Protocol for Phenylthiolation Experiments. All
these experiments have been realized similarly and only the
conversion of iodide 26 into sulfide 54 is described.

(2S5,4R)-5-Trityloxy-2,4-dimethyl-1-phenylthio-pentane
54: In a flask connected to an argon line, sodium (201 mg,
8.75 mmol) was added to EtOH (8.7 mL). After dissolution of
the metal, with stirring, and cooling (ice bath), thiophenol (900
UL, 8.75 mmol) and a solution of iodide 26 (1.76 g, 3.63 mmol)
in 1:1 EtOH/DMF (18 mL) were added sequentially with a
syringe and the resulting mixture was stirred at 0 °C for 1 h, and
then at rt for 2 h before being poured into a stirred mixture of
ether (50mL) and 0.1 M aqueous NaOH (25 mL). The aque-
ous layer was extracted with ether (3 x 10 mL) and the pooled
organic extracts were washed with 0.1 M aqueous NaOH (10
mL), brine (4 x 10 mL), and dried (Na,SOj,, Na,SO;). The resi-
due left by elimination of the solvents in a vacuum was briefly
purified by filtration on silica gel (hexane) to give sulfide 54
(1.63 g, 96%) as a viscous colourless oil; [a]p —1.0 (¢ 1.0,
CH,Cl,); TLC (hexane:CH,Cl, =4:1) Ry=0.67; 'HNMR
(CDCLy): 6 0.98 (d, J=6.7Hz, 3H), 1.00 (d, J=6.7Hz,
3H), 0.99-1.11 (m, 1H), 1.54-1.64 (m, 1H), 1.67-1.90 (m, 2H),
2.69 (dd, J =124, 7.8 Hz, 1H), 2.85-3.00 (m, 3H), 7.13-7.55
(m, 20H); BCNMR (CDCl;): § 18.3 (CH3), 20.0 (CHs), 30.4
(CH), 31.4 (CH), 40.9 (CH,), 41.1 (CH,), 68.2 (CHy), 86.2 (C),
125.5, 126.8, 127.7, 128.7, 128.8, 137.5, 144.4; MS (CI-NH3):
m/z 467 (M), 243, 223, 202, 183, 165, 149, 123, 113, 105, 91,
77; Anal. Found: C, 82.51; H, 7.28%. Calc. for C5,H340S: C,
82.36; H, 7.34%.

(2S,4R)-5-Trityloxy-2,4-dimethyl-1-phenylsulfonyl-pentane
12¢: In a flask connected to an argon line, with cooling (ice
bath), m-CPBA (1.7 g, 7.59 mmol) was added portion-wise to a
stirred solution of sulfide 54 (1.626 g, 3.48 mmol) in CH,Cl,
(22 mL). After 1 h stirring at 0 °C, and then 3 h at rt, the reaction
mixture was diluted with a solution of Na,SO; (1g) in 10%
aqueous NaOH (10 mL). The aqueous phase was extracted with
CH,Cl, (10mL) and the pooled organic phases were washed
with brine (2 x 50mL), and dried (Na;SO4). The residue left
by evaporation of the solvents was briefly purified by col-
umn chromatography (hexane/EtOAc) to give, after thorough
elimination of the solvents in a good vacuum, sulfone 12¢
(1.70 g, 98%) as a white solid; [a]p +2.1 (¢ 1.0, CH,Cl,); TLC
(hexane:EtOAc = 1:1) Ry = 0.50; mp 86 °C; 'HNMR (CDCl;):
8 0.83 (d, J= 6.6 Hz, 3H), 1.09 (d, J = 6.6 Hz, 3H), 0.99-1.12
(m, 1H), 1.37-1.44 (m, 1H), 1.55-1.66 (m, 1H), 2.02-2.15 (m,
1H), 2.81-2.94 (m, 3H), 3.08 (dd, J = 14.3, 3.4 Hz, 1H), 7.20-
7.41 (m, 15H), 7.51 (t, J="7.7Hz, 2H), 7.63 (t, J=7.5Hz,
1H), 7.87 (d, J=8.0Hz, 2H); “CNMR (CDCl3): § 17.5
(CH3), 20.8 (CHj3), 26.3 (CH), 31.1 (CH), 41.5 (CH,), 62.2
(CH,), 68.4 (CH,), 86.3 (C), 126.9, 127.7, 128.8, 129.2, 133.5,
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140.0, 144.3; MS (CI-NHj3): m/z 421 (M - 77), 260, 259, 243,
202, 183, 165, 143, 105, 97, 77.

(2R ,45)-5-Trityloxy-4-methyl-2-hydroxymethyl-pentyl
Acetate ent-22c: General protocol for enzyme-catalyzed
acetylation experiments. Using Amano lipase PS (10g) as
catalyst. From diol ent-22a (20 g, 51.2 mmol). Obtained: ace-
tate ent-22¢ (22.15g, 99%) as a colourless oil; TLC (hexane:
EtOAc = 1:1) Ry=0.47; 'HNMR (CDCl3): § 1.01 (d, J=
6.7Hz, 3H), 0.99-1.16 (m, 1H, CH), 1.40-1.54 (m, 1H), 1.74-
1.89 (m, 2H), 2.07 (s, 3H), 2.24 (s, 1H, OH), 2.92-3.06 (m,
2H), 3.40-3.62 (m, 2H), 4.02-4.21 (m, 2H), 7.20-7.36 (m, 9H),
7.44-7.50 (m, 6H); BCNMR (CDClL): § 17.7 (CH3), 20.8
(CH3), 31.2 (CH), 31.8 (CH,), 37.7 (CH), 62.2 (CH,), 65.0
(CHy), 68.2 (CHy), 86.2 (C), 126.8, 127.6, 128.6, 144.2, 171.6.

(25,4S5)-5-Trityloxy-4-methyl-2-(z-butyldimethylsilyloxy-
methyl)-pentyl Acetate ent-22g: In a flask connected to an
argon line, with cooling (ice bath), TBDMSCI (8.5g, 56.3
mmol) was added progressively to a stirred solution of
monoacetate ent-22¢ and imidazole (10.4g, 153 mmol) in
DMF (50mL) and the resulting mixture was stirred overnight
at rt before being diluted with ether (100 mL), and then poured
into a stirred mixture of ether (5S00mL) and water (100 mL).
After 5 min stirring, the aqueous layer was extracted with ether
(4 x 100 mL) and the pooled organic phases were washed with
water (3 x 100mL), brine (100 mL), and dried (MgSOy). The
solvents were eliminated in a vacuum and the residue was
chromatographed on silica gel (hexane/EtOAc) to give ent-22¢g
(26.0g, 93%) as a colourless oil; [a]p —2.3 (¢ 1.0, CH,Cl,);
TLC (hexane:EtOAc = 4:1) Ry =0.11; IR (KBr, cm™!): 3059,
2954, 2857, 2739, 1740, 1597, 1490, 1471, 1448, 1388, 1362,
1251, 1153, 1071, 1034, 898, 837, 706, 632; 'HNMR (CDCl;):
4 0.00 (s, 6H), 0.85 (s, 9H), 0.93 (d, J = 6.7 Hz, 3H), 0.96-1.06
(m, 1H), 1.38-1.49 (m, 1H), 1.72-1.87 (m, 2H), 1.98 (s, 3H),
2.86 (dd, J = 8.8, 6.8 Hz, 1H), 2.94 (dd, J = 8.8, 5.8 Hz, 1H),
3.47 (dd, J=9.9, 6.0Hz, 1H, 3.55 (dd, J=9.9, 4.1 Hz, 1H),
3.96 (dd,J=10.9, 5.4 Hz, 1H), 4.05 (dd, /= 10.9, 6.2 Hz, 1H),
7.15-7.27 (m, 9H), 7.37-7.46 (m, 6H); 3CNMR (CDCl;): §
—5.5 (CH3), 17.7 (CH3), 18,2 (C), 20.9 (CH3); 25.9 (CH3), 31.3
(CH), 32.1 (CHy), 37.5 (CH), 62.3 (CHy), 65.1 (CH,), 68.7
(CH,), 86.2 (C), 126.8, 127.7, 128.7, 144.4, 171.0; MS (CI-
NH;): m/z 547 (M + H™), 242, 229, 165, 117; Anal. Found: C,
74.83; H, 8.37%. Calc. for C34H4604Si: C, 74.68; H, 8.48%.

(2R,4S)-5-Trityloxy-4-methyl-2-(-butyldimethylsilyloxy-
methyl)-1-tosyloxy-pentane ent-22e: In a flask connected
to an argon line, K,CO3 (7.23 g, 52.4mmol) was added with
stirring to a cooled (ice bath) solution of acetate ent-22g (26 g,
47.6mmol) in MeOH (470mL). The reaction mixture was
stirred overnight at rt before being diluted with CH,Cl, (400
mL), and then poured into a stirred mixture of CH,Cl, (300
mL) and water (100 mL). The aqueous layer was extracted with
CH,Cl; (3 x 100mL) and the pooled organic phases were
washed with brine (2 x 150 mL), and dried (MgSO,). The resi-
due left by evaporation of the solvents was purified by column
chromatography (hexane/EtOAc). The colourless oil (22.8 g)
obtained after thorough elimination of the solvents in a good
vacuum was treated by tosyl chloride (general protocol) to
give, after usual processing and column chromatography
(hexane/EtOAc), tosylate ent-22e as a viscous colourless oil
(25.8g, 90%); [alp —2.2 (c 1.0, CH,Cly); TLC (hexane:
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EtOAc = 4:1) Ry=0.51; IR (KBr, cm™!): 3058, 2955, 2928,
2857, 1738, 1598, 1491, 1462, 1448, 1362, 1251, 1177, 1095,
961, 838, 707, 667, 555; 'THNMR (CDCl;): § 0.00 (s, 6H), 0.83
(s, 9H), 0.83-88 (m, 1H), 0.90 (d, J = 6.7Hz, 3H), 0.98-1.09
(m, 1H), 1.30-1.45 (m, 1H), 1.67-1.97 (m, 2H), 2.44 (s, 3H),
2.83-2.95 (m, 2H), 3.42 (dd, J=10.1, 6.4 Hz, 1H), 3.54 (dd,
J=10.1, 4.0Hz, 1H, 3.954.05 (m, 2H), 7.22.34 (m, 9H),
7.38-7.46 (m, 8H), 7.79-7.82 (m, 2H); *CNMR (CDCls):
8 —5.5 (CH3), 17.6 (CH3), 18,2 (C), 21.6 (CH3), 25.9 (CH3),
31.0 (CH), 31.4 (CH,), 37.9 (CH), 61.4 (CH,), 68.4 (CH),
70.9 (CHy), 86.1 (C), 126.8, 127.7, 127.9, 128.7, 129.8, 133.1,
144.3, 144.6; Anal. Found: C, 71.24; H, 7.88%. Calc. for
C19Hs5005SSi: C, 71.09; H, 7.65%.

(2R,48)-5-Trityloxy-2,4-dimethyl-1-(#butyldimethylsilyl-
oxy)-pentane ent-4e:  General protocol for ester reduction
experiments. Tosylate ent-22e (25.7 g, 39 mmol) was reacted
with LAH (4.67g, 117mmol) in THF (200mL) for 3h at
ca. 30-35°C to give, after usual processing and a purification
by column chromatography (hexane/EtOAc), the O-TBDMS
derivative ent-4e (18.3 g; 99.6%) as a colourless oil; [a]p +4.2
(¢ 1.0, CH,Cly); TLC (hexane:EtOAc =4:1) R;=0.80; IR
(KBr, cm™'): 3059, 2955, 2928, 2856, 1597, 1490, 1449, 1387,
1251, 1153, 1090, 1071, 836, 774, 706, 632; 'HNMR (CDCls):
8 0.06 (s, 6H), 0.88 (d, J = 6.6, 3H), 1.03 (d, J= 6.6 Hz, 3H),
0.91-0.95 (m, in which s at 0.92, total 10H), 1.41-1.50 (m,
1H), 1.54-1.67 (m, 1H), 1.83-1.94 (m, 1H), 2.84 (dd, /= 8.7,
6.9Hz, 1H), 3.03 (dd, J=8.7, 5.1Hz, 1H), 3.33 (dd, J=9.7,
6.7Hz, 1H), 3.46 (dd, J = 9.7, 5.2Hz, 1H), 7.21-7.36 (m, 9H),
7.47-7.52 (m, 6H); BCNMR (CDCl;): § —5.3 (CH3), 17.6
(CH3y), 18,4 (C), 18.5 (CH3), 26.0 (CH3), 31.4 (CH), 33.1 (CH),
37.9 (CH,), 68.3 (CH,), 68.5 (CH,), 86.1 (C), 126.8, 127.6,
128.8, 144.6.

(2R,4S5)-5-Trityloxy-2,4-dimethyl-pentan-1-ol ent-4c: In
a flask connected to an argon line, the silyl ether ent-4e (18.1 g,
37 mmol) was reacted with TBAF-3H,0 (23.4 g, 74.1 mmol) in
THF (185 mL) at rt overnight. The reaction mixture was poured
into a stirred mixture of ether (500 mL) and water (300 mL) and
the aqueous phase was extracted with ether (4 x 100 mL). The
pooled organic phases were washed with water (3 x 100 mL),
brine (200mL), and dried (MgSQO,). Purification by column
chromatography (hexane/EtOAc) of the oil left by evaporation
of the solvents in a vacuum afforded alcohol ent-4c (13.6 g,
98%) as a viscous colourless oil; [a]p +4.8 (¢ 1.0, CH,Cl,).

(2R,48)-5-Trityloxy-2,4-dimethyl-1-iodo-pentane ent-26:
General protocol for alcohol iodination experiments. From
ent-4¢ (13.6g, 36.3mmol). Obtained, after recrystallization
from MeOH/EtOAc: iodide ent-26¢ (16.3g, 92%) as white
crystals; [a]p —1.8 (¢ 1.0, CH,Cl,); mp 95°C; crystal data
CyHpolO, MW =484.39, 0.10 x 0.08 x 0.08 mm, Ortho-
rhombic, space group P2;2,2;, T=173K, a=9.1490(2),
b=11.3840(3), c¢=21.6340(5)A, V=225323(9)A3, A
Mo-Ka) =0.71073 A, U=1434mm™". A total of 6445
reflections were measured and 6445 were independent.
Final = R1 = 0.0417, wR2 =0.0734 (4677 refs; I> 20(])),
and GOF = 1.006 (for all data, R1 = 0.0754, wR2 = 0.0848).

(2R ,4S5)-5-Trityloxy-2,4-dimethyl-1-phenylthio-pentane
ent-54:  General protocol for thiolation experiments. From
iodide ent-26¢ (16.3 g, 33.4 mmol), sulfide ent-54 (5.6 g, 97%)
was obtained as a colourless oil; [a]p +1.1 (¢ 1.0, CH,Cly).
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Sulfone ent-12¢:  General protocol for sulfide oxidation
experiments. From sulfide ent-54 (5.6 g, 12 mmol). Obtained,
after recrystallization from hot EtOH: sulfone ent-12¢ (5.51 g,
92%) as white crystals; [a]p —2.1 (¢ 1.0, CH,Cl,); mp 86 °C;
crystal data CsH3403S, MW =498.65, 0.18 x 0.14 x 0.12
mm, Monoclinic, space group P2;, T = 173K, a = 9.3030(5),
b =10.5030(6), c=13.9840(9)A, B=100.902Q2)°, V=
1341.71(14) A3, 1 (Mo-Ka) = 0.71073 A, 1 =0.152mm™".
A total of 7066 reflections were measured and 7066 were
independent. Final = R1 = 0.0672, wR2 = 0.0987 (3842 refs;
I>20(l)), and GOF =1.016 (for all data, Rl =0.1503,
wR2 = 0.1204).

(2R,4S5)-5-Phenylsulfonyl-2,4-dimethyl-pentan-1-ol 12b:
Amberlyst-15 (acid form; 100 mg) was added to a solution of
sulfone 12¢ (1.07 g, 2.14mmol) in MeOH (5.5mL) and the
resulting mixture was stirred for 3h at ca. 35°C (bath). The
solids were eliminated by filtration on Celite (washings with
methanol) and the filtrates were concentrated in a vacuum.
Chromatography of the residue on silica gel (hexane/EtOAc)
followed by thorough elimination of the solvents in a good
vacuum afforded sulfone 12b (544 mg, 99%) as a viscous
colourless oil; [a]p +12.0 (¢ 1.0, CH,Cly); TLC (hexane:
EtOAc = 1:2) R;=0.37; 'HNMR (CDClL3): § 0.81 (d, J=
6.2Hz, 3H), 0.97-1.08 (m, 1H), 1.08 (d, J = 6.2 Hz, 3H), 1.49—
1.64 (m, 2H), 1.77 (brs, 1H, OH), 2.10-2.22 (m, 1H); 2.89 (dd,
J=14.1, 7,5Hz, 1H), 3.08 (dd, /= 14.1, 45Hz, 1H), 3.41
(d, J=5.2Hz, 2H), 7.51-7.69 (m, 3H), 7.89-7.92 (m, 2H);
BCNMR (CDCly): 8§ 17.0 (CH3), 20.9 (CH3), 26.2 (CH), 32.9
(CH), 40.6 (CHy), 62.3 (CH,), 67.4 (CHy), 127.8, 129.3, 133.6,
140,0; MS (CI-NH3): m/z 257 (M + H*), 239 (M - OH), 225,
209, 183, 161, 143, 125, 115, 110, 97, 77.

(25,4R)-5-Phenylsulfonyl-2,4-dimethyl-pentan-1-ol  ent-
12b:  Same protocol as above. From sulfone ent-12¢ (4.5 g,
9mmol). Obtained, after purification by column chromatog-
raphy (hexane/EtOAc): hydroxysulfone ent-12b (2.31g,
100%) as a viscous colourless oil; [a]p —12.1 (¢ 1.0, CH,Cly).

(2R ,45)-5-Phenylsulfonyl-2,4-dimethyl-1-triisopropylsilyl-
oxy-pentane 12a: With cooling (ice bath), TIPSOTf (700 uL,
2.6 mmol) was added to a stirred solution of hydroxysulfone
12b (518 mg, 2mmol) and collidine (670 UL, 5mmol) in
CH,Cl, (6.7mL). After a further 2 h stirring, the reaction mix-
ture was diluted with CH,Cl, (10mL) and 1M HCIl (5mL).
The aqueous phase was extracted with CH,Cl, (3 x 5mL) and
the pooled organic phases were washed with 1 M HCI (6 mL),
brine (3 x 10mL), and dried (MgSOy). Elimination of the
solvents in a vacuum was followed by column chromatography
of the residue (hexane/EtOAc) to give sulfone 12a (818.3 mg,
98%) as a viscous colourless oil; [a]p +7.0 (¢ 1.0, CH,Cl,);
TLC (hexane:EtOAc = 3:1) R = 0.47; IR (KBr, cm™!): 3066,
2943, 2866, 1463, 1447, 1384, 1306, 1247, 1150, 1087, 1013,
919, 882, 832, 782, 736, 688, 601, 535; 'THNMR (CDCl;): §
0.76 (d, J=6.5Hz, 3H), 0.95-1.05 (m, 22H), 1.12 (d, J=
6.6 Hz, 3H), 1.41-1.59 (m, 2H), 2.06-2.19 (m, 1H), 2.87 (dd,
J=14.2, 89Hz, 1H), 3.12 (dd, J = 14.2, 3.2Hz, 1H), 3.33-
3.45 (m, 2H), 7.50-7.67 (m, 3H), 7.68-7.95 (m, 2H); '3C NMR
(CDCI3): 8 11.9 (CH), 16.9 (CH3), 18.0 (CH3;), 20.9 (CH3),
26.4 (CH), 33.3 (CH), 41.0 (CH,), 62.3 (CH,), 68.2 (CHy),
127.8, 129.2, 133.6, 140.1; MS (CI-NH;): m/z 413 (M + H™),
369, 255, 239, 191, 163, 149, 135, 115, 97, 77.
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(25,4R)-5-Phenylsulfonyl-2,4-dimethyl-1-triisopropylsilyl-
oxy-pentane ent-12a:  Using the same protocol as above,
hydroxysulfone ent-12d (1.170 g, 4.57 mmol) afforded ent-12a
(1.59g, 98%) as a viscous colourless oil; [a]p —7.0 (¢ 1.0,
CH,Cly).

(2R,3R)/(2S5,35)-4-Phenylsulfonyl-3-methyl-butane-1,2-
diol rac-31a: In a flask connected to an argon/vacuum line,
with cooling (ice bath), Ti(O-i-Prop), (0.677 uL, 2.32 mmol)
was added with a syringe to a degassed solution of epoxide rac-
13c¢ (100mg, 1.16 mmol) in THF (2.3 mL) and the resulting
mixture was stirred at ca. 0°C. In a second flask, 1.2M (in
hexane) BuLi (2.1 mL, 4.64 mmol) was added dropwise to a
cooled (—78 °C) solution of methyl phenyl sulfone 30 (380 mg,
2.43 mmol) in THF (SmL). After 1 h stirring, HMPA (433 uL,
2.55 mmol) was added followed, 1h later, by the titanium(IV)
alkoxide mixture. The bath was allowed to warm and 1 h later,
when the temperature was ca. —50°C, the reaction mixture
was poured into a stirred mixture of EtOAc (30mL) and pH 2
tartaric buffer (10 mL). The aqueous layer was saturated with
NaCl, filtered on Celite (washings with EtOAc), and extracted
with EtOAc (3 x 5SmL). The pooled organic extracts were
washed with brine, until neutral, and dried (MgSO,). Elimi-
nation of the solvents in a vacuum was followed by column
chromatography of the residue (hexane/EtOAc) to give diol-
sulfone rac-31a (232mg, 83%) as a colourless oil; TLC
(EtOAc, 2 elutions) Ry = 0.47; 'HNMR (CDCl;): § 1.04 (d,
J=6.9Hz, 3H), 2.21 (brs, 2H, OH), 2.31-2.41 (m, 1H), 2.97
(dd, J=14.1, 6.9Hz, 1H), 3.42 (dd, J= 14.1, 3.9Hz, 1H),
3.55 (d, J=11.1, 7.6Hz, 1H), 3.63 (dd, J=11.6, 3.6Hz,
1H), 3.87-3.92 (m, 1H), 7.54-7.69 (m, 3H), 7.90-7.94 (m,
2H); BCNMR (CDCl;): § 14.7 (CH3), 31.4 (CHCH3), 59.2
(CH;S0,), 64.0 (CH,0H), 73.4 (CHOH), 127.8, 129.4, 133.7,
139.9; MS (CI-NH3): m/z 262 (M + NH,"), 245 (M + H™),
227 (M - OH), 143, 132, 125, 117, 89; Anal. Found: C, 54.21;
H, 6.85%. Calc. for C;1H;c04S: C, 54.08; H, 6.60%.

(2R,3R)/(25,3S5)-4-Phenylsulfonyl-3-methyl-butane-1,2-
diol rac-31a and (28,3R)/(2R,3S)-2-(Phenylsulfonylmethyl)-
butane-1,3-diol rac-32: By Condensation of Sulfone 30 and
Epoxide rac-13d; In a flask connected to an argon/vacuum
line, to a degassed solution of sulfone 30 (53 mg, 0.337 mmol)
and epoxide rac-13d (100mg, 0.300 mmol) in THF (2mL),
with cooling (dry-ice/acetone bath), and stirring, 1.53M (in
hexane) BuLi (220 uL, 0.337 mmol) was added with a syringe
followed, 30min later, by BF;-Et,0 (41 uL, 0.337 mmol).
After 2 h stirring at —78 °C, the reaction mixture was allowed
to warm before being poured into a stirred mixture of ether
(15mL) and water (S5mL). The aqueous phase was extracted
with ether (3 x 2mL) and the pooled organic phases were dried
(MgSO,). The oily residue left by elimination of the solvents
in a vacuum was diluted with THF (1 mL) and TBAF.3H,O
(290 mg, 0.92 mmol) was added. After stirring overnight at rt,
the reaction mixture was processed as usual to give an 85:15
mixture (by 'HNMR) of, respectively, diol-sulfones rac-31a
and rac-32 (49%) which was separated by careful chromatog-
raphy on silica gel (hexane/EtOAc). rac-32: TLC (EtOAc,
2 elutions) Ry = 0.50; 'HNMR (CDCl3): § 1.26 (d, J=6.6
Hz, 3H, CHj3), 2.18-2.27 (m, 1H, CHCH,0OH), 2.31 (brs, 2H,
2 OH), 3.38 (t, J=5.6Hz, 2H, CH,SO,), 3.82 (dd, J=
11.5, 3.9Hz, 1H, CHHOH), 4.04 (dd, J=11.5, 3.6Hz, 1H,
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CHHOH), 4.08-4.16 (m, 1H, CHOH), 7.54-7.70 (m, 3H),
7.89-7.96 (m, 2H); 3CNMR (CDCl3): § 20.8 (CHj), 40.8
(CHCH,0H), 55.2 (CH,S0,), 61.7 (CH,OH), 69.6 (CHOH),
127.7, 129.4, 133.8, 146.0.

By Condensation of Sulfone 30 and Epoxybutanol rac-
13c¢; In a flask immersed into a dry-ice/acetone bath, and
connected to an argon/vacuum line, 1.15M (in hexane) BuLi
(1.11mL, 1.27mmol) was added with stirring to a degassed
solution of epoxide rac-13c¢ (100 mg, 1.16 mmol) in THF (2.5
mL). In a second flask, a degassed solution of 30 (271.0mg,
1.74 mmol) in THF (5mL) was treated with BuLi (3 mL, 3.45
mmol) as above. After 30 min stirring at —78 °C, the lithiated
sulfone solution was transferred onto the lithio-epoxide with a
cannula and the resulting mixture was allowed to warm. After
16 h stirring at rt, the reaction mixture was diluted with 1 M
HCl1 (4mL). The aqueous layer was saturated with NaCl and
then extracted with EtOAc (SmL). The pooled organic phases
were washed with brine, until neutral, and dried (MgSO,). The
oily residue left by elimination of the solvents in a vacuum was
chromatographed on silica gel (hexane/EtOAc) to give a 1/1
mixture (by NMR) of sulfones rac-31a and rac-32 (232.4mg,
82%) as a colourless oil.

(2R,35)/(2S,3R)-3,5-Dimethyl-hexane-1,2-diol rac-34:
Same conditions as for the titanium(IV)-mediated condensation
of 30 and rac-13c (see above). From isobutyl phenyl sulfone 33
(415.3 mg, 2.095 mmol) and epoxide rac-13¢ (100.0 mg, 1.135
mmol) was obtained a mixture (332.2mg, 79%) of isomeric
diol-sulfones (by GC-mass and NMR); MS (CI-NH3): m/z 304
(M + NHy"), 287 (M + HT), 269 (M — OH), 255, 237, 160,
143, 132, 125, 109. For the sake of analyses, an aliquot of this
two-component mixture (by TLC) was chromatographed on
silica gel (hexane/EtOAc). First diastereomer: TLC (hexane:
EtOAc = 1:2) R;=0.28 (2 elutions); 'HNMR (CDCl3,): §
0.83 (d, J=6.9Hz, 3H), 1.15 (d, J=6.9Hz, 3H), 1.43 (d,
J=17.5Hz, 3H), 1.98-2.11 (m, 1H), 2.28-2.36 (m, 1H), 2.43
(s, 2H, 2 OH), 3.08-3.09 (m, 1H), 3.64 (dd, J=11.1, 4.7Hz,
1H), 3.75 (dd, J=11.1, 6.6 Hz, 1H), 3.86-3.91 (m, 1H), 7.55-
7.69 (m, 3H), 7.87-7.94 (m, 2H); 3CNMR (CDCls,): § 11.3
(CH3), 17.0 (CH3), 22.1 (CHs), 28.3 (CH), 33.6 (CH), 64.7
(CHy), 72.7 (CH), 76.6 (CH), 128.3, 129.3, 133.7, 138.9.
Second diastereomer: TLC (hexane:EtOAc = 1:2) Ry =0.22 (2
elutions); 'HNMR (CDCls,): § 1.11 (d, J= 6.9Hz, 3H), 1.17
(d, J=69Hz, 3H), 1.24 (d, J=7.1Hz, 3H), 2.13-2.26 (m,
2H), 2.56 (s, 2H, 2 OH), 3.07 (t, /= 2.2Hz, 1H), 3.46-3.49
(m, 1H), 4.06-4.15 (m, 1H), 7.55-7.70 (m, 3H), 7.89-7.94 (m,
2H); 3CNMR (CDCls): § 13.8 (CH3), 20.1 (CH3), 21.2 (CHy),
27.9 (CH), 34.6 (CH), 64.8 (CHy), 72.1 (CH), 72.2 (CH),
128.2, 129.2, 133.6, 139.8.

In a flask equipped with a condenser connected to an argon
line, Mg (95.0 mg) was added to a solution of the preceding
diol-sulfone mixture (133.7mg, 0.467 mmol) in MeOH (11
mL) and the resulting mixture was stirred at rt for 2 h before
being poured into a vigorously stirred mixture of EtOAc (10
mL) and 1M aqueous HCI. The aqueous layer was extracted
with EtOAc (4 x 1 mL) and the pooled organic phases were
washed with brine (2 x 5mL), and dried (MgSO,). Elimination
of the solvents in a vacuum was followed by column chro-
matography (hexane/EtOAc) to afford diol rac-34 (60.9 mg,
89%; overall 72%, from rac-13c) as a colourless oil; TLC
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(hexane:EtOAc = 1:3) Ry = 0.34; 'THNMR (CDCl;): § 0.84 (d,
J=6.7Hz, 3H), 0.86 (d, /= 6.9Hz, 3H), 0.88 (d, /= 6.9 Hz,
3H), 0.99-1.23 (m, 2H), 1.54-1.68 (m, 2H), 3.42-3.63 (m,
5H, in which 2 OH); *CNMR (CDCl3): § 14.6 (CH3), 21.8
(CH3), 23.7 (CHj3), 25.2 (CH); 33.4 (CH), 42.4 (CH,), 65.2
(CH,), 76.1 (CH); MS (CI-NH3): m/z 147 (M + H"); Anal.
Found: C, 65.93; H, 12.74%. Calc. for CgH;30,: C, 65.71; H,
12.41%.

General Protocol for Sulfone/35a-35b Condensation
Experiments. All these experiments have been realized simi-
larly and only the condensation of sulfone 30 and epoxide 35b
is described.

(2R,3R)-4-Benzyloxy-2-(phenylsulfonylmethyl)-butane-
1,3-diol 36a and (2R,3R)-4-Benzyloxy-3-(phenylsulfonyl-
methyl)-butane-1,2-diol 36b: In a flask connected to an
argon/vacuum line, 1.4M (in hexane) BuLi (1.08 mL, 1.5
mmol) was added dropwise, with cooling (dry-ice/acetone
bath), and stirring, to a degassed solution of sulfone 30 (156.2
mg, 1.0mmol) and epoxide 35b (97.1 mg, 0.5 mmol) in THF
(2.6 mL). The bath was removed and after 30 min stirring the
reaction mixture was diluted with EtOAc (10mL) and 1 M HCl
(3mL). The aqueous layer was extracted with EtOAc (3 x 5
mL) and the pooled organic phases were washed with brine,
until neutral, and dried (MgSO,). The solvents were eliminated
in a vacuum and the residue was chromatographed on silica gel
(hexane/EtOAc) to give successively unreacted 30 (62.1 mg,
82%), the 1,3-diol 36a (102mg, 58%), and the 1,2-diol 36b
(39.4mg, 22%). 36a: [a]p —5.3 (¢ 1.0, CH,Cl,); TLC (EtOAc)
R;=0.33; IR (KBr, cm™): 3444, 3064, 2924, 2872, 1645,
1585, 1447, 1304, 1146, 1086, 748, 699; 'HNMR (CDCls):
8 2.31-2.41 (m, 1H), 2.87 (brs, 1H, OH), 3.10 (brs, 1H, OH),
3.31 (AB part of an ABX system, Jag = 14.4Hz, Jax = 6.6
Hz, Jgx = 5.5Hz, Avag = 13.3, 12.8Hz, 2H), 3.53 (AB part
of an ABX system, Jag = 9.8 Hz, Jox = 5.0Hz, Jgx = 6.7Hz,
Avag = 8.7, 7.0Hz, 2H), 3.70-3.79 (m, 1H), 3.84-3.93 (m,
1H), 4.02-4.11 (m, 1H), 4.51 (s, 2H), 7.25-7.38 (m, SH),
7.49-7.66 (m, 3H), 7.88-7.93 (m, 2H); 3CNMR (CDCl;): §
37.7 (CHCH,OH), 54.8 (CH,S0,), 61.8 (CH,OCH,Ph), 71.8
(CH,0OH), 71.9 (CHOH), 73.4 (OCH,Ph), 127.8, 127.9, 128.5,
129.3, 133.8, 137.4, 139.5; MS (CI-NHj3): m/z 350 (M), 272,
230, 201, 160, 144, 126, 106, 92, 78; Anal. Found: C, 61.91; H,
6.47%. Calc. for C1gH»,05S: C, 61.70; H, 6.33%. 36b: [a]p
—5.9 (¢ 1.0, CH,Cly); TLC (EtOAc) Rf=0.26; IR (KBr,
cm™'): 3444, 3064, 2925, 2873, 1585, 1447, 1404, 1304, 1146,
1086, 746; 'THNMR (CDCls): 8 2.42 (brs, 1H, OH), 2.46—
2.55 (m, 1H), 2.97 (brd, J=6.3Hz, 1H, OH), 3.32 (AB
part of an ABX system, Jag = 14.6 Hz, Jax = 6.5 Hz, Jgx =
5.2Hz, Avag=13.6, 13.0Hz, 2H), 3.62 (brt, J=5.1Hz,
2H), 3.70 (AB part of an ABX system, Jyg = 9.8 Hz, Jyx =
4.2Hz, Jgx =5.0Hz, Avag=38.8, 8.4Hz, 2H), 3.77-3.87
(m, 1H), 4.44 (s, 2H), 7.21-7.39 (m, 5H), 7.51-7.58 (m, 2H),
7.63-7.69 (m, 1H), 7.88-7.93 (m, 2H); *CNMR (CDCl):
8 36.5 (CHCH,0OH), 55.0 (CH,S0,), 64.3 (CH,OH), 69.0
(CH,OCH,Ph), 73.0 (CHOH), 73.6 (OCH,Ph), 127.8, 128.0,
128.5, 129.3, 133.8; 137.1, 139.4.

(2R,3R)-4-Benzyloxy-3-hydroxy-2-(phenylsulfonylmeth-
yl)-butyl 4-Methylbenzenesulfonate 36c:  General protocol
for tosylation experiments. Diol-sulfone 36a (55mg, 0.157
mmol) was reacted with the TsCl-DMAP reagent in pyridine
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to give, after usual processing and a purification by column
chromatography (hexane/EtOAc), tosylate 36¢ (69.1 mg, 89%)
as a colourless oil; [a]p —3.2 (¢ 1.0, CH,Cl,); TLC (EtOAc)
Ry =10.63; IR (KBr, cm™"): 3444, 3064, 2924, 2872, 1645,
1585, 1447, 1304, 1146, 1086, 748, 699; 'THNMR (CDCls):
8 2.44 (s, 3H), 2.46-2.58 (m, 2H, in which OH), 3.22 (AB
part of an ABX system, Jag = 14.6 Hz, Jyx = 5.2Hz, Jgx =
6.6 Hz, Avag = 13.5, 12.9Hz, 2H), 3.47 (AB part of an ABX
system, Jap = 9.8Hz, Jax =4.3Hz, Jgx = 6.4Hz, Avsgp=
8.8, 7.5Hz, 2H), 3.99-4.06 (m, 1H), 4.24 (d, J=5.1Hz,
2H), 4.47 (s, 2H), 7.24-7.38 (m, 7H), 7.51-7.56 (m, 2H), 7.62—
7.68 (m, 1H), 7.72-7.75 (m, 2H), 7.82-7.86 (m, 2H);
BCNMR (CDCl;): 8 21.6 (CHj3), 36.8 (CHCH,SO,Ph),
53.3 (CH,SO,Ph), 68.2 [CH,0S(0O),], 69.0 (CHOH), 71.4
(CH,OH), 73.4 (CH,OCH,Ph), 127.7, 127.8, 127.9, 128.5,
129.5, 129.9, 132.4, 133.9, 137.4, 139.1, 145.1; MS (CI-NHj3):
m/z 504 (M), 464, 281, 261, 244, 181, 151, 126, 109, 92; Anal.
Found: C, 59.62; H, 5.70%. Calc. for C,5H,30,S,: C, 59.51; H,
5.59%.

(2R,3R)-4-Phenylsulfonyl-3-methyl-1-benzyloxy-butan-2-
ol 31b:  General protocol for ester reduction experiments.
Treating tosylate 36¢ (45 mg, 0.092 mmol) with excess LAH in
ether afforded, after purification by column chromatography
(hexane/EtOAc), hydroxysulfone 31b (26mg, 88%) as a
colourless oil; [a]p —3.4 (¢ 1.0, CH,Cl,); TLC (hexane:
EtOAc = 2:1) Ry = 0.50; IR (KBr, cm™!): 3444, 3063, 2920,
2860, 1447, 1303, 1147, 1085, 744; 'THNMR (CDCl;): § 1.05
(d, J= 6.9 Hz, 3H), 2.32-2.44 (m, 2H, in which OH), 2.96 (dd,
J=14.1, 7.3 Hz, 1H), 3.36-3.51 (m, 3H), 3.95 (m, 1H), 4.51
(s, 2H), 7.26-7.38 (m, 5H); 7.50-7.68 (m, 3H), 7.88-7.93 (m,
2H); BCNMR (CDCls): § 14.3 (CH3), 31.4 (CHCH3), 59.4
(CH,S0,), 71.8 (CHOH), 71.9 (CH,0), 73.4 (CH,Ph), 127.7,
127.8, 128.5, 129.3, 133.6, 138.7, 140.5; MS (CI-NH3;): m/z
338 (M + H™), 228, 161, 144, 126, 109, 92, 79, 65; Anal.
Found: C, 64.52; H, 6.65%. Calc. for C;gH,,04S: C, 64.65; H,
6.63%.

General Protocol for Desulfonylation and Debenzylation
Experiments.  All these experiments have been realized
similarly and only the desulfonylation of sulfones 36a/36b and
the hydrogenation of the resulting benzyl ether are described.

(2R,3R)-3-Methyl-butan-1,2,4-triol 37: Sulfone 30
(156.2mg, 1.0mmol) and epoxide 35b (97.1 mg, 0.5 mmol)
were reacted using the general protocol described above [30/
35b/BuLi molar ratio 2:1:3]. The crude condensation product
(198 mg) was diluted with MeOH (10 mL) in a flask connected
to an argon line. 5% Na-Hg (1.60 g) and Na,HPO, (200 mg)
were added. After 1h stirring at rt, when the amalgam was
reacted, this addition was repeated (same amount of each rea-
gent) and the reaction mixture was stirred for a further 1h
before diluted with EtOAc (20mL) and brine (10 mL). The
aqueous phase was thoroughly extracted with EtOAc (5 x 5
mL) and the pooled organic phases were washed with brine
(2 x 10mL), dried (MgSQy,), and evaporated to dryness in a
vacuum. The residue was diluted with EtOH (10mL) and the
resulting solution was stirred at rt under an H, atmosphere with
added Pearlman’s catalyst for two hours. Processing the reac-
tion mixture then afforded a thick colourless oil (57.1 mg)
identified as 37 (same NMR data as reported®®); [a]p +5.0
(c 1.0, CH,Cly); Litt:3 [a]p +5.8 (¢ 1.0, CHCI5).
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(2R)-3-Trityloxy-2-methyl-1-phenylsulfonyl-propane ent-
38b: Iodide ent-24b (2.725g, 6.160mmol) was reacted
sequentially with sodium thiophenoxide and m-CPBA using
the same conditions as described above for the 26-12¢ con-
version to give, after purification by chromatography (hexane/
EtOAc), sulfone ent-38b (2.41g, 85%) as a white solid; [a]p
—0.9 (¢ 1.0, CH,Cl,); TLC (hexane:EtOAc = 4:1) Ry = 0.44;
mp 31°C; '"HNMR (CDCl;): § 1.13 (d, J = 6.8 Hz, 3H), 2.24—
2.42 (m, 1H), 2.85-2.96 (m, 2H), 3.09 (dd, J=9.2, 5.2Hz,
1H), 3.44 (dd, J=14.3, 3.4Hz, 1H), 7.25-7.37 (m, 15H),
7.56-7.71 (m, 3H), 7.93-7.95 (m, 2H); *CNMR (CDCls): §
17.2 (CHj3), 29.9 (CH), 59.6 (CH,), 66.9 (CH,), 86.5 (C),
127.0, 127.8,127.9, 128.5, 129.2, 133.5, 139.2, 143.8; MS (CI-
NH;): m/z 379 (M —77), 259, 243, 197, 165, 143, 125, 105, 77,
Anal. Found: C, 76.32; H, 6.07%. Calc. for Cy9H,305S: C,
76.29; H, 6.18%.

(2R)-3-Triisopropylsilyloxy-2-methyl-1-phenylsulfonyl-
propane ent-38a: Using the same protocol as described above
for the 12c-12a conversion, sulfone ent-38b (4.110g, 9.0
mmol) was stirred in methanol with added Amberlyst-15 to
afford the known** hydroxysulfone ent-38¢ (1.93 g, 100%);
[a]lp —20.3 (¢ 1.0, CH,Cl,); TLC (hexane:EtOAc = 1:1) Ry =
0.15; IR (KBr, cm™!): 3500, 3065, 2966, 2860, 1585, 1447,
1403, 1107, 1085, 991, 837, 786, 720; 'HNMR (CDCl;): 8
1.08 (d, J = 6.9 Hz, 3H), 2.05 (s, 1H, OH), 2.24-2.36 (m, 1H),
2.96 (dd, J=14.1, 6.6Hz, 1H), 3.36 (dd, J=14.1, 59Hz,
1H), 3.48 (dd, J=11.0, 6.4Hz, 1H), 3.70 (dd, J=11.0,
4.8Hz, 1H), 7.53-7.68 (m, 3H), 7.88-7.93 (m, 2H); 3 C NMR
(CDCI;): § = 17.1 (CH3), 31.5 (CH), 59.3 (CH,), 66.2 (CH,),
127.8, 129.3, 133.7, 139.9; MS (CI-NH3): m/z 215 (M + H™),
197, 184, 143, 125, 94, 78, 55. ent-38¢ was reacted with
TIPSOT( and collidine using the general protocol to give, after
a purification by column chromatography (hexane/EtOAc),
sulfone ent-38a (3.17 g; 95%) as a colourless oil; [a]p —5.3 (¢
1.0, CH,Cl,); TLC (hexane:EtOAc = 1:1) Ry = 0.68; 'HNMR
(CDCl5): § 0.96-1.06 (m, 21H), 1.08 (d, J = 6.8 Hz, 3H), 2.12—
2.26 (m, 1H), 2.86 (dd, J=14.2, 8.1 Hz, 1H), 3.14-3.51 (m,
2H), 3.65 (dd, J=9.7, 4.8 Hz, 1H), 7.50-7.68 (m, 3H), 7.88—
7.94 (m, 2H); 3CNMR (CDClL3): § 11.8 (CH3), 16.7 (CHs),
17.9 (CH), 31.9 (CH), 59.0 (CHy), 66.9 (CH,), 127.9, 129.2,
133.5, 140.0; MS (CI-NH3): m/z 371 (M + H™), 329, 327, 255,
191, 166, 149, 121, 94, 77, 59.

(2R,3R,55)-6-Triisopropylsilyloxy-5-methyl-3-hydroxy-
methyl-hexane-1,2-diol 40: Sulfone ent-38a (795 mg, 2.15
mmol) was reacted with epoxide 35b (278 mg, 1.43 mmol)
using the general protocol [ent-38/35b/Buli molar ratio
1.5:1:2.5] to obtain, after usual processing and column chro-
matography (hexane/EtOAc), a 4:1 mixture (by GC) of diol-
sulfones tentatively assigned structure 39a and 39b by NMR
(680 mg). Treating this mixture by Na-Hg (2 x 1.9 g) in MeOH
(2 x 16 mL) and added Na,HPO,4 (2 x 318.8mg), and then
hydrogenating the crude desulfonylation product with H,/
Pd(OH), afforded, after a purification by column chromatog-
raphy (hexane/EtOAc), triol 40 (229.4 mg; overall 50%, from
35b) as a colourless oil; [a]p —28.2 (¢ 1.0, CH,Cly); TLC
(EtOAc) Ry = 0.18; IR (KBr, cm™!): 3366, 2943, 2866, 1463,
1385, 1247, 1100, 1068, 1031, 882, 791, 681; 'HNMR
(CDCI3): 6 0.89 (d, J = 6.6 Hz, 3H), 0.98-1.13 (m, 22H), 1.38—
1.49 (m, 1H), 1.62-1.77 (m, 2H), 3.41-3.79 (m, 9H, in which
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2 OH), 3.95 (brs, 1H, OH); >*CNMR (CDCls): § 11.9 (SiCH),
16.7 (CH3), 18.0 (SiCHCH3), 31.7 (CHy), 33.7 (CH), 39.8
(CH), 63.5 (CH,OH), 65.0 (CH,), 68.9 (CH), 75.7 (CH); MS
(CI-NH3): m/z 335 (M + H™), 176, 162, 149, 144, 126, 108,
96, 75; Anal. Found: C, 60.67; H, 11.82%. Calc. for
C7H3304Si: C, 61.03; H, 11.45%.
(2S,4R,6R,7R)-8-Benzyloxy-7-hydroxy-6-hydroxymethyl-
2,4-dimethyl-1-triisopropylsilyloxy-octane 42a and
(2R,3R,5R,7S)-8-Triisopropylsilyloxy-3-benzyloxymethyl-
5,7-dimethyl-octan-1,2-diol 42b: Sulfone enz-12a (620 mg,
1.5 mmol) was reacted with epoxide 35b (194.2 mg, 1 mmol)
in the preceding conditions [en#-12a/35b/Buli molar ratio
1.5:1:2.5] to give, after separation of ent-12a (212 mg, 80%) by
column chromatography (hexane/EtOAc), a mixture of sul-
fones 41a and 41b (601 mg, 99%) which was treated with
Na-Hg in MeOH as above. Usual processing was followed by
column chromatography (hexane/EtOAc) to obtain successive-
ly diol 42a (331.5mg, 72%) and the isomeric diol 42b (50.0
mg, 11%), both as viscous colourless oil. 42a: [a]p —30.8 (¢
1.0, CH,Cl,); TLC (hexane:EtOAc = 2:1) Ry = 0.36; IR (KBr,
em™1): 3417, 2943, 1729, 1463, 1383, 1248, 1206, 1099, 882,
789, 735, 682; 'THNMR (CDCl3): § 0.85-1.12 [m, 8H, in which
d at 0.87 (/= 6.5Hz, 3H) and 0.89 (J= 6.6Hz, 3H)], 1.26—
1.43 (m, 3H), 1.53-1.75 (m, 3H), 2.89 (brs, 1H, OH), 3.05 (brs,
1H, OH), 3.40-3.53 (m, 3H), 3.58-3.64 (m, 2H), 3.75-3.85 (m,
2H), 4.57 (s, 2H), 7.27-7.39 (m, 5H); 3CNMR (CDCl;): §
12.0 (SiCH), 17.4 (CHj), 18.3 (SiCHCH;) 20.2 (CH3), 27.6
(CH), 33.3 (CH), 35.3 (CHy), 39.8 (CH), 41.9 (CH,), 63.9
(CHy), 68.5 (CHy), 73.0 (CHyp), 73.4 (CH), 74.9 (CH), 127.7,
127.8, 128.4, 137.7; MS (CI-NH3): m/z 467 (M + H™"), 423,
341, 297, 183, 167, 149, 123, 9. 42b: [a]p —32.7 (c 1.0,
CH,Cl,); TLC (hexane:EtOAc =2:1) R;=0.20; IR (KBr,
em™1): 2866, 1599, 1455, 1367, 1177, 1097, 957, 814, 665,
554; 'THNMR (CDCl3): 8 0.87 (d, J= 6.6Hz, 3H), 0.89 (d,
J=6.6Hz, 3H), 0.90-1.16 (m, 22H), 1.25-1.45 (m, 2H), 1.49-
1.60 (m, 1H), 1.66-1.76 (m, 1H), 1.85-1.94 (m, 1H), 2.54 (brs,
1H, OH), 3.38-3.68 (m, 8H, in which 1 OH), 4.50 (s, 2H),
7.27-7.39 (m, 5H); *CNMR (CDCl;): § 11.9 (SiCH), 17.5
(CHj3), 18.0 (SiCHCHj) 20.2 (CHj), 27.7 (CH), 33.3 (CH),
35.7 (CH,), 38.3 (CH), 41.8 (CH,), 65.0 (CH,), 68.5 (CHy),
71.2 (CHp), 73.6 (CHp), 75.4 (CH), 127.7, 127.9, 128.5, 137.4.
(25,4R,6R,7R)-8-Benzyloxy-7-hydroxy-6-tosyloxymethyl-
2,4-dimethyl-1-triisopropylsilyloxy-octane 42¢:  The diol
42a (270.3 mg, 0.580 mmol) was reacted with TsCl as usual to
give, after separation by column chromatography (hexane/
EtOAc), tosylate 42¢ (315 mg, 88%), and the bis-tosylate 42d
(48mg, 4.5%); [alp —17.0 (¢ 1.0, CH,Cl,); TLC (hexane:
EtOAc = 3:1) R =0.59; IR (KBr, cm™!): 3445, 2866, 1599,
1463, 1361, 1177, 1098, 957, 883, 814, 666, 555; 'HNMR
(CDCI3): 6 0.82 (d, J = 6.5Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H),
0.87-0.89 (m, 2H), 0.99-1.09 (m, 21H), 1.26-1.32 (m, 1H),
1.36-1.72 (m, 3H), 1.82-1.91 (m, 1H), 2.37 (brs, 1H, OH),
2.43 (s, 3H), 3.38-3.55 (m, 4H), 3.70-3.76 (m, 1H), 4.11 (dd,
J=9.7,43Hz, 1H), 4.18 (dd, /= 9.7, 3.5Hz, 1H), 4.51 (AB
quartet, Avag = 10.0Hz, Jag = 11.9Hz, 2H), 7.27-7.39 (m,
7H), 7.77 (d, J=8.3Hz, 2H); *CNMR (CDCl;): § 12.1
(SiCH), 17.4 (CH3), 18.1 (CHj3), 20.3 (CHj3), 21.7 (CHs3), 27.3
(CH), 33.4 (CH), 34.2 (CHy), 38.5 (CH), 41.8 (CH,), 68.8
(CHy), 69.2 (CH,), 70.5 (CH), 72.4 (CH,), 73.4 (CHy), 127.8,
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127.9, 128.0, 128.5, 129.8, 133.1, 137.9, 144.7. 42d: [a]p
—12.2 (¢ 1.0, CH,Cly); TLC (hexane:EtOAc = 3:1) Ry = 0.75;
IR (KBr, cm™!): 2866, 1599, 1455, 1367, 1177, 1097, 957, 814,
665, 554; 'THNMR (CDCl3): 8 0.81 (d, J = 6.5Hz, 3H), 0.89
(d, J=6.6Hz, 3H), 0.90-1.32 (m, 25), 1.42-1.71 (m, 2H),
2.23-2.34 (m, 2H), 2.47 (s, 3H), 2.50 (s, 3H), 3.40-3.61 (m,
4H), 3.98 (dd, J=10.1, 4.0Hz, 1H), 4.12 (dd, J=10.1,
3.8Hz, 1H), 4.41 (d, J= 12Hz, 2H), 4.78 (m, 1H), 7.23-7.41
(m, 9H), 7.77-7.84 (m, 4H); *CNMR (CDCl;): § 12.0 (SiCH),
17.3 (CHsj), 18.0 (SiCHCHj;), 19.8 (CHj), 21.6 (CHj), 27.2
(CH), 33.2 (CH), 33.5 (CHy), 37.3 (CH), 41.5 (CHy), 68.3
(CH,), 68.6 (CH,), 68.9 (CH,), 73.2 (CH,), 81.2 (CH), 127.6,
127.7, 127.8, 127.9, 128.3, 129.6, 129.8, 134.0, 137.4, 144.5,
144.8.
(25,4R,6S,7R)-8-Benzyloxy-2,4,6-trimethyloctane-1,7-diol
19b: The tosylate 42¢ (281 mg, 0.45 mmol) was reacted with
excess LAH in ether to give, after column chromatography
(hexane/EtOAc), alcohol 19a (187.6mg) as a colourless oil.
19a: [a]p —26.3 (¢ 1.0, CH,Cl,); TLC (hexane:EtOAc = 3:1)
R;=0.65; IR (KBr, cm™!): 3445, 2943, 2866, 1463, 1381,
1248, 1102, 995, 882, 789, 734, 681; 'THNMR (CDCl;): § 0.85
(d, J=6.5Hz, 3H), 0.90 (d, J=6.6Hz, 6H), 0.87-1.41 (m,
25H), 1.52-1.78 (m, 3H), 2.29 (brs, 1H, OH), 3.39-3.57 (m,
4H), 3.61-3.70 (m, 1H), 4.55 (s, 2H), 7.27-7.41 (m, 5H);
BCNMR (CDCls): § 12.0 (CH), 14.3 (CH3), 17.4 (CH3), 18.0
(CH3;), 19.8 (CHj), 27.3 (CH), 33.1 (CH), 33.3 (CH), 40.0
(CH,), 42.1 (CH,), 68.6 (CH,), 72.9 (CH,), 73.3 (CHy), 74.5
(CH), 127.6, 127.7, 128.4, 138.0. 19a was then treated by
TBAF-3H,0 (284 mg, 0.9 mmol) in THF (2mL). After 16h
stirring at rt, the reaction mixture was diluted with EtOAc
(6 mL) and water (3 mL) and the aqueous phase was thoroughly
extracted with EtOAc (5 x 1 mL). The pooled organic phases
were dried (MgSO,4) and the solvents were eliminated in a
vacuum to give, after a purification by column chromatography
(hexane/EtOAc), diol 19b (106 mg; overall 92%, from 42c¢) as
a colourless oil; [a]p —32.9 (¢ 1.0, CH,Cl,); TLC (hexane:
EtOAc = 1:1) R;=0.50; IR (KBr, cm™"): 3418, 2920, 1455,
1380, 1101, 737, 698; 'THNMR (CDCls): § 0.84 (d, J = 6.6 Hz,
3H), 0.88 (d, J = 6.7Hz, 3H), 0.89 (d, J = 6.8 Hz, 3H), 0.90-
1.33 (m, 4H), 1.50-1.77 (m, 3H), 2.45 (brs, 2H, 2 OH), 3.30—
3.55 (m, 3H), 3.53 (dd, J=9.4, 3.1Hz, 3H), 3.59-3.67 (m,
1H), 4.53 (s, 2H), 7.24-7.38 (m, 5H); *CNMR (CDCl;): §
14.5 (CHj), 17.2 (CHj), 20.1 (CH3), 27.2 (CH), 32.8 (CH),
32.9 (CH), 39.9 (CH,), 41.6 (CH,), 68.0 (CH;), 72.8 (CHy),
73.3 (CHp), 74.4 (CH), 127.7, 127.8, 128.4, 138.0; Anal.
Found: C, 73.26; H, 10.12%. Calc. for C;gH3¢05: C, 73.43; H,
10.27%.
(25,4R,6S5,7R)-8-Benzyloxy-7-hydroxy-2,4,6-trimethyl-
octyl 4-Methylbenzenesulfonate 19d:  Diol 19b (100 mg,
0.34 mmol) was tosylated as usual to give, after purification by
column chromatography (hexane/EtOAc), the tosylate 19d
(113 mg, 74%) as a viscous colourless oil; [a]p —13.9 (¢ 1.0,
CH,Cly); TLC (hexane:EtOAc = 1:1) Ry=0.72; IR (KBr,
em™1): 3460, 3064, 2924, 1598, 1496, 1455, 1360, 1177,
1098, 963, 815, 736, 666, 556; 'HNMR (CDCl;): § 0.79 (d,
J=6.5Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.7 Hz,
3H), 0.90-1.21 (m, 4H), 1.41-1.54 (m, 1H), 1.58-1.69 (m, 1H),
1.82-1.93 (m, 1H), 2.43 (s, 3H), 3.37-3.43 (m, 1H), 3.53 (dd,
J=93, 3.0Hz, 1H), 3.57-3.64 (m, 1H), 3.77 (dd, J=9.3,
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6.5Hz, 1H), 3.88 (dd, J = 9.3, 5.2 Hz, 1H), 4.54 (s, 2H), 7.27-
7.38 (m, 7H), 7.77 (d, J = 8.2 Hz, 2H); 3CNMR (CDCls): §
14.2 (CH3), 17.0 (CH3), 19.6 (CH3), 21.7 (CH3), 27.0 (CH),
30.3 (CH), 33.0 (CH), 39.8 (CH,), 41.4 (CH,), 72.9 (CH),
73.4 (CHy), 74.4 (CH), 75.3 (CHy), 127.8, 127.9, 128.0, 128.5,
129.8, 138.1, 144.7.
(25,4R,6S,7R)-8-Benzyloxy-7-¢-butyldimethylsilyloxy-
2,4,6-trimethyl-octyl 4-Methylbenzenesulfonate 19¢: In a
flask connected to an argon line, 19d (1.34 g, 3.0 mmol) was
diluted with CH,Cl, (10mL) and, with cooling (ice bath),
collidine (1.0mL, 7.5mmol) and TBDMSOTf (0.9mL, 3.9
mmol) were added sequentially with a syringe. After 2h stir-
ring at ca. 0 °C, the reaction mixture was diluted with CH,Cl,
(20mL) and 1 M HCI1 (10 mL). The organic phase was extract-
ed with CH,Cl, (3 x 10mL) and the pooled organic extracts
were washed with 1 M HCI (10mL), brine (3 x 20mL), and
dried (MgSOy,). The residue left by elimination of the solvents
in a vacuum was chromatographed on silica gel to give 19¢
(1.670 mg, 97%) as a colourless oil; [a]p —4.1 (¢ 1.0, CH,Cl,);
TLC (hexane:EtOAc = 3:1) Ry = 0.75; IR (KBr, cm™!): 3031,
2926, 1599, 1496, 1471, 1455, 1360, 1252, 1178, 1098, 966,
837, 776, 698, 666, 556; 'THNMR (CDCls): § 0.02 (s, 3H), 0.03
(s, 3H), 0.77 (d, J = 6.5Hz, 3H), 0.80 (d, J/ = 6.4 Hz, 3H), 0.87
(s, 9H), 0.94-1.28 (m, 5H), 1.39-1.52 (m, 1H), 1.67-1.80 (m,
1H), 1.82-1.93 (m, 1H), 2.43 (s, 3H), 3.36 (dd, /= 9.6, 6.2 Hz,
1H), 3.42 (dd, J=9.6, 5.0Hz, 1H), 3.64-3.68 (m, 1H), 3.76
(dd, J=19.3, 6.7Hz, 1H), 3.89 (dd, J = 9.3, 5.1 Hz, 1H), 4.54
(AB quartet, Avag = 12.1Hz, Jag = 10.6 Hz, 2H), 7.27-7.38
(m, 7H), 7.78 (d, J = 8.2Hz, 2H); *CNMR (CDCL): § —4.1
(CH3), —4.8 (CH3), 13.3 (CHj), 16.8 (CH3), 18.2 (C), 19.6
(CH3;), 21.6 (CHj3), 25.9 (CHs), 27.0 (CH), 30.2 (CH), 33.5
(CH), 40.0 (CH,), 41.4 (CH,), 73.0 (CH,), 73.3 (CHy), 75.2
(CHy), 75.3 (CH), 127.4, 127.5, 127.8, 128.2, 129.7, 133.2,
138.4, 144.5.
(25,4S5,6S,7R)-8-Benzyloxy-7-z-butyldimethylsilyloxy-
2,4,6-trimethyl-1-phenylthio-octane 55: In a flask connected
to an argon line, a degassed solution of tosylated 19¢ (1.640 g,
2.91 mmol) in 1:1 DMF/EtOH (18 mL) was added dropwise
with stirring to a cooled (ice bath) 1M solution of sodium
thiophenoxide in EtOH (6 mL, 6.0 mmol). The reaction mixture
was stirred for 1 h at 0 °C, and then 3 h at rt before being poured
into a stirred mixture of ether (50mL) and 0.1 M aqueous
NaOH (25mL). The aqueous layer was extracted with ether
(4 x 10 mL) and the pooled organic extracts were washed with
0.1 M NaOH (10mL), brine (4 x 10mL), and dried (MgSOy,).
The residue left by elimination of the solvents in a good
vacuum was briefly purified by filtration on silica gel (hexane)
to give sulfide 55 as a viscous colourless oil (1.450 g, 100%);
[a]lp =159 (¢ 1.0, CH,Cly); TLC (hexane:EtOAc = 19:1)
R;=0.62; IR (KBr, cm™!): 3031, 2956, 2855, 1585, 1381,
1251, 1090, 1026, 836, 776, 736, 696; 'HNMR (CDCls): §
0.07 (s, 3H), 0.08 (s, 3H), 0.85 (d, /= 6.7Hz, 3H), 0.88 (d,
J=6.4Hz, 3H), 0.93 (s, 9H), 1.06 (d, /= 6.6 Hz, 3H), 1.08-
1.29 (m, 3H), 1.36-1.50 (m, 1H), 1.57-1.68 (m, 1H), 1.75-1.94
(m, 1H), 2.76 (dd, J=12.5, 7.5Hz, 1H), 2.99 (dd, J=12.5,
5.3Hz, 1H), 3.41 (dd, J= 9.6, 6.2Hz, 1H), 3.48 (dd, J = 9.6,
5.0Hz, 1H), 3.72-3.80 (m, 1H), 4.55 (AB quartet, Avag =
11.2Hz, Jag = 12.1 Hz, 2H), 7.15-7.21 (m, 1H), 7.25-7.41 (m,
9H); 3CNMR (CDCl3): § —4.7 (CH3), —4.0 (CH3), 13.3
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(CH3), 18.2 (C), 19.8 (CHj3), 19.9 (CH3), 25.9 (CHj), 27.3
(CH), 30.4 (CH), 33.5 (CH), 40.2 (CH,), 41.4 (CH,), 45.1
(CHy), 73.2 (CHy), 73.3 (CHy), 75.3 (CH), 125.5, 127.4, 127.5,
128.3, 128.8, 128.9, 137.6, 138.5; MS (CI-NHj): m/z 501
(M + H*), 443 (M — C4Hy), 369, 351, 261, 151, 91; Anal.
Found: C, 72.07; H, 9.64%. Calc. for C30H430,SSi: C, 71.94;
H, 9.66%.
(25,45,6S,7R)-8-Benzyloxy-7-t-butyldimethylsilyloxy-
2,4,6-trimethyl-1-phenylsulfonyl-octane 20: General proto-
col. Treating sulfide 55 (1.448¢g, 2.89 mmol) by m-CPBA
afforded, after usual processing and a purification by column
chromatography (hexane/EtOAc), sulfone 20 (1.510 g, 98%) as
a colourless oil; [a]p —10.2 (¢ 1.0, CH,Cl,); TLC (hexane:
EtOAc = 9:1) R =0.15; IR (KBr, cm™"): 3065, 3031, 2957,
2856, 1586, 1476, 1455, 1384, 1307, 1251, 1149, 1087, 1025,
958, 835, 776, 736, 689, 601; 'HNMR (CDCls): & 0.07 (s, 3H),
0.08 (s, 3H), 0.75 (d, J = 6.4 Hz, 3H), 0.81 (d, J = 6.6 Hz, 3H),
0.92 (s, 9H), 1.10 (d, J=6.6Hz, 3H), 1.02-1.15 (m, 3H),
1.23-1.32 (m, 1H), 1.37-1.50 (m, 1H), 1.70-1.82 (m, 1H),
2.10-2.21 (m, 1H), 2.91 (dd, J=14.1, 8.2Hz, 1H), 3.11 (dd,
J=14.1,3.8Hz, 1H), 3.38 (dd, J = 9.6, 6.2Hz, 1H), 3.46 (dd,
J=9.6, 5.1Hz, 1H), 3.66-3.73 (m, 1H), 4.53 (AB quartet,
Avag = 9.3 Hz, Jag = 12.0Hz, 2H), 7.25-7.41 (m, SH), 7.54—
7.69 (m, 3H), 7.93-7.97 (m, 2H); 3 CNMR (CDCl;): § —4.8
(CH3), —4.1 (CHj3), 13.4 (CHj3), 18.2 (C), 19.3 (CH3), 20.4
(CH3;), 25.9 (CHj), 26.2 (CH), 27.0 (CH), 33.5 (CH), 40.0
(CH,), 45.5 (CH,), 62.5 (CH,), 73.0 (CH,), 73.2 (CHy), 75.1
(CH), 127.5, 127.6, 127.8, 128.2, 129.2, 133.5, 138.4, 140.2;
MS (CI-NH3): m/z 551 (M + NH,™), 534 (M + H™), 401, 387,
367, 309, 293, 137, 108, 91; Anal. Found: C, 67.36; H, 9.27%.
Calc. for C5gHy304SSi: C, 67.62; H, 9.08%.
(2R,3R,5S,7R,9S5,10R)-11-Benzyloxy-10-z-butyldimethyl-
silyloxy-5,7,9-trimethyl-3-hydroxymethyl-1-(4-methoxy-
benzyloxy)-undecan-2-o0l 43a and (2R,3R,5S,7R,9S,10R)-11-
Benzyloxy-10-z-butyldimethylsilyloxy-5,7,9-trimethyl-3-[(4-
methoxybenzyloxy)methyl]-undecan-1,2-diol 43b: Sulfone
20 (350 mg, 0.7 mmol) and epoxide 35a (112.1 mg, 0.5 mmol)
were reacted using general conditions [20/35a/Buli molar
ratio 1.4:1:2.4] to obtain, after separation by column chroma-
tography (hexane/EtOAc) of unreacted sulfone 20 (84 mg,
84%), a 10:1 mixture (by GC-mass and NMR) of isomeric diol-
sulfones (375 mg) which was treated by Hg-Na in MeOH with
added Na,HPO,. Processing the reaction mixture as usual then
afforded, after chromatography on silica gel (hexane/EtOAc),
the 1,3-diol 43a (235 mg, 77%) and the isomeric 1,2-diol 43b
(25mg, 8%), both as colourless oil. 43a: [a]p —29.8 (¢ 1.0,
CH,Cl,); TLC (hexane:EtOAc =1:1) R;=0.54; IR (KBr,
cm™'): 3418, 3031, 2927, 1614, 1515, 1470, 1455, 1383,
1302, 1250, 1098, 836, 776, 736, 698; 'HNMR (CDCl;): §
0.07 (s, 3H), 0.08 (s, 3H), 0.81-0.88 (m, 9H), 0.91 (s, 9H),
0.95-1.40 (m, 6H), 1.50-1.71 (m, 3H), 1.73-1.83 (m, 1H), 2.99
(brs, 1H, OH), 3.06 (brs, 1H, OH), 3.36-3.63 (m, 5H), 3.69-
3.90 [m, 6H, in which s (3H) at 3.83], 4.47-4.56 (m, 4H), 6.91
(d, J= 8.4Hz, 2H), 7.20-7.40 (m, 7H); *CNMR (CDCl;): §
—4.8 (CH3), —4.1 (CH3), 13.3 (CHj), 18.2 (C), 20.2 (CHzy),
20.3 (CHj3), 25.9 (CH3), 27.1 (CH), 27.7 (CH), 33.5 (CH), 36.2
(CHy), 39.6 (CH), 40.1 (CH,), 45.9 (CH,), 55.2 (CHj), 64.4
(CHy), 73.0 (CH,), 73.1 (CH,), 73.2 (CH,), 73.3 (CH,), 73.7
(CH), 75.5 (CH), 113.9, 127.4, 127.6, 128.2, 129.4, 129.8,
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138.5, 159.4; MS (CI-NH;): m/z 618 (M + H™), 498, 480, 347,
159, 121, 106, 91, 58. 43b: TLC (hexane:EtOAc = 1:1) Ry =
0.41; '"HNMR (CDCls): § 0.07 (s, 3H), 0.08 (s, 3H), 0.79-0.86
(m, 9H), 0.87 (s, 9H), 0.89-1.85 (m, 10H), 2.57 (brs, 1H, OH),
3.22 (brs, 1H, OH), 3.32-3.79 (m, 8H), 3.80 (s, 3H), 4.38-4.53
(m, 4H), 6.89 (d, J=8.4Hz, 2H), 7.19-7.35 (m, 7H);
BCNMR (CDCls): § —4.7 (CH3), —4.1 (CH3), 13.1 (CHa),
18.2 (C), 20.1 (CHj3), 20.2 (CH3), 25.9 (CH3), 27.1 (CH), 27.6
(CH), 33.4 (CH), 36.6 (CHy), 38.4 (CH), 40.2 (CH,), 46.0
(CH,), 55.2 (CH3), 65.5 (CH,), 67.9 (CH,), 71.7 (CH,), 73.2
(CHy), 74.1 (CH), 75.4 (CH), 113.9, 127.4, 127.5, 128.2, 129.4,
129.8, 138.6, 159.3; MS (CI-NH3): m/z 618 (M + H™).

(2R,38,5S,7R,9S,10R)-11-Benzyloxy-10-z-butyldimethyl-
silyloxy-3,5,7,9-tetramethyl-1-(4-methoxybenzyloxy)-unde-
can-2-ol 2e: Diol 43a (180 mg, 0.29 mmol) was reacted with
the TsCl-DMAP reagent as usual to afford, after a purification
by column chromatography (hexane/EtOAc), unreacted 43a
(56 mg, 30%), and tosylate 43¢ (135 mg, 60%). 43c¢: [a]p —15.8
(¢ 0.5, CH,Cly); TLC (hexane:EtOAc = 2:1) Ry = 0.46; IR
(KBr, cm™'): 3460, 2928, 2857, 1738, 1614, 1514, 1455, 1360,
1250, 1177, 1097, 957, 836, 776, 667, 555; 'HNMR (CDCls):
8 0.04 (s, 6H), 0.78-0.81 (m, 9H), 0.88 (s, 9H), 0.91-1.34 (m,
6H), 1.41-1.53 (m, 2H), 1.70-1.87 (m, 2H), 2.19 (brs, 1H,
OH), 2.42 (s, 3H), 3.32-3.50 (m, 4H), 3.64-3.80 (m, 2H), 3.80
(s, 3H), 4.05 (dd, J=9.7, 47Hz, 1H), 4.13 (dd, J=9.7,
4.7Hz, 1H), 4.44 (s, 2H), 4.50 (AB quartet, Avag = 9.4Hz,
Jag = 12.0Hz, 2H), 6.88 (d, /= 8.4Hz, 2H), 7.19-7.38 (m,
9H), 7.77 (d, J=8.3Hz, 2H); CNMR (CDCl3): § —4.7
(CH3), —4.1 (CH3), 13.4 (CH3), 18.2 (C), 19.9 (CH3), 20.0
(CH3), 21.6 (CH3), 25.9 (CH3), 27.1 (CH), 27.4 (CH), 33.6
(CH), 35.2 (CHy), 38.2 (CH), 40.1 (CHy), 46.0 (CH,), 55.2
(CH3;), 69.8 (CH), 70.3 (CH,), 72.5 (CHy), 73.0 (CHp), 73.1
(CHy), 73.2 (CHy), 75.5 (CH), 113.9, 127.4, 127.5, 127.9,
128.2,129.4, 129.7, 129.8, 133.1, 138.5, 144.6, 159.4. Tosylate
43c (110 mg, 143 mmol) was treated by excess LAH in ether
(general protocol) to give, after usual processing and chroma-
tography (hexane/EtOAc), alcohol 2e (76.1mg, 89%) as a
colourless oil; [a]p —29.6 (¢ 0.3, CH,Cly); TLC (hexane:
EtOAc = 3:1) Ry = 0.60; IR (KBr, cm™!): 3467, 2927, 2856,
1614, 1514, 1462, 1380, 1250, 1098, 1038, 836, 776, 698;
"HNMR (CDCls): § 0.06 (s, 3H), 0.07 (s, 3H), 0.82-1.03 [m,
23H, in which s (3H) at 0.9], 1.19-1.44 (m, 4H), 1.50-1.84 (m,
4H), 2.23 (brs, 1H, OH), 3.36-3.53 (m, 4H), 3.67-3.75 (m,
2H), 3.82 (s, 3H), 4.51 (s, 2H), 4.52 (AB quartet, Avag =
11.6 Hz, Jog = 12.0Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 7.25-
7.39 (m, 7H); 3CNMR (CDCl3): § —4.8 (CH3), —4.1 (CH3),
13.0 (CHj3), 14.8 (CH3), 18.2 (C), 20.3 (CH3), 20.6 (CH3), 25.9
(CH3), 27.1 (CH), 27.2 (CH), 32.7 (CH), 33.5 (CH), 40.2
(CHy), 41.2 (CH,), 45.6 (CH,), 55.2 (CH3), 72.5 (CH,), 73.0
(CHy), 73.1 (CHy), 73.1 (CH), 73.2 (2xCHy), 75.5 (CH), 113.8,
127.4, 127.5, 128.2, 129.3, 130.1, 138.5, 159.3.

Morken’s Intermediate 2¢c:  Alcohol 2e (60 mg, 0.1 mmol)
was reacted with TBDMSOT( in CH,Cl, and added collidine
in the same conditions as above (see preparation of 19¢). The
reaction mixture was processed as usual to give, after chro-
matography on silica gel (hexane) followed by thorough elimi-
nation of the solvents in a good vacuum, 2¢ (70 mg, 98%) as
a viscous colourless oil; [a]p —20.3 (¢ 1.0, CH,Cl,); TLC
(hexane:EtOAc = 4:1) Ry = 0.85; IR (KBr, cm™!): 2928, 2856,
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1614, 1514, 1463, 1382, 1250, 1091, 836, 776, 697, 'HNMR
(400 MHz, CDCl): § 0.02 (s, 9H), 0.03 (s, 3H), 0.79 (d, J =
6.8 Hz, 6H), 0.80 (d, J = 2.5Hz, 3H), 0.82 (d, J/ = 2.4 Hz, 3H),
0.86 (s, 9H), 0.87 (s, 9H), 0.86-0.95 (m, 3H), 1.17 (ddd, J =
8.9, 4.6, 2.4Hz, 1H), 1.22-1.35 (m, 2H), 1.46-1.62 (m, 2H),
1.67-1.79 (m, 2H), 3.31-3.45 (m, 4H), 3.66-3.72 (m, 2H), 3.81
(s, 3H), 4.44 (d, J=11.6Hz, 1H), 4.47 (d, /= 12.0Hz, 1H),
448 (d, J=11.6Hz, 1H), 4.51 (d, /= 12.0Hz, 1H), 6.85 (d,
J=8.6Hz, 2H), 7.24 (d, J = 8.7 Hz, 2H), 7.22-7.33 (m, 5H);
3CNMR (100 MHz, CDCl3): § —4.8 (CH3), —4.1 (CH3), 13.2
(CH3), 14.4 (CH3), 18.2 (C), 18.3 (C), 20.4 (CH3), 20.5 (CH3),
25.9 (CHj3;), 27.2 (CH), 27.3 (CH), 33.5 (CH), 33.7 (CH), 39.8
(CHy), 41.8 (CH,), 45.9 (CH,), 55.2 (CH3), 72.9 (CHy), 73.2
(CHy), 74.2 (CH), 75.7 (CH), 113.6, 127.4, 127.5, 128.2, 129.1,
130.6, 138.5, 159.0; MS (CI-NH;): m/z 733 (M + NH, ™), 472,
185, 159, 121, 91, 58.

Morken’s Intermediate 2d: In a flask connected to an
argon line, and equipped with a tube containing DDQ (234 mg,
1 mmol), 2¢ (490 mg, 0.686 mmol) was diluted with CH,Cl,
(23mL) and pH 7 phosphate buffer (10mL). With vigorous
stirring, DDQ was added. A green colouration immediately
developed and the reaction mixture was stirred for a further
1 h before being diluted with 10% aqueous NaHCO3 (10 mL).
The aqueous phase was extracted with CH,Cl, (4 x 10mL) and
the pooled organic phases were washed with water (20 mL),
and dried (MgSO,). Column chromatography (hexane/EtOAc)
of the residue left by evaporation of the solvents in a vacuum
afforded alcohol 2d (400 mg, 98%) as a viscous colourless oil;
[a]lp —31.3 (¢ 1.0, CH,Cl,); TLC (hexane:EtOAc = 4:1) Ry =
0.45; TR (KBr, cm™!): 3470, 2952, 2856, 1603, 1463, 1382,
1250, 1091, 836; "THNMR (400 MHz, CDCl3): § 0.03 (s, 3H),
0.04 (s, 3H, 0.08 (s, 3H) 0.09 (s, 3H), 0.82-0.86 (m, 9H), 0.87
(s, 9H), 0.92 (s, 9H), 0.87-0.97 (m, 3H), 1.20 (ddd, /= 13.4,
9.0, 4.3 Hz, 1H), 1.25-1.38 (m, 2H), 1.67 (brt, /= 5.9Hz, 1H,
OH), 1.70-1.81 (m, 2H), 3.37 (dd, J= 9.6, 6.1 Hz, 1H), 3.44
(dd, /=9.5, 5.1Hz, 1H), 3.51 3.60 (m, 3H), 3.69 (dt, J=
5.7, 3.3Hz, 1H), 4.48 (d, J=12.1Hz), 4.52 (d, J=12.1 Hz,
1H), 7.26-7.36 (m, SH); *CNMR (100 MHz, CDCl;): § —4.4
(CH3), —4.0 (CH3), —3.9 (CH3), —3.7 (CHs), 13.4 (CHz3), 15.9
(CHj3), 18.5 (C), 18.6 (C), 20.0 (CH3), 20.2 (CHz), 26.3 (CHy),
27.6 (CH), 27.9 (CH), 33.9 (CH), 34.0 (CH), 40.3 (CH,), 41.5
(CH,), 48.8 (CH,), 64.7 (CHy), 73.6 (CHp), 76.0 (CH), 77.1
(CH), 127.8, 127.9, 128.6, 138.9; MS (CI-NH3): m/z 612
(M + NHy™), 595 (M + HY), 463, 355, 223, 205, 108, 91, 74.

Crystallographic data have been deposited with Cambridge
Crystallographic Data Centre: Deposition numbers CCDC-
1847431, CCDC-1847443, CCDC-1847450 and CCDC-
1847455 for compounds 26, ent-26, ent-12¢ and rac-48 respec-
tively. Copies of the data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).

The results presented herein are taken in part from the thesis
dissertation of Vincent Gembus (ULP, Strasbourg; 2006). This
work was supported (grant to V. G.) by the “Ministére de la
Recherche et de I’Education” (France). Thanks are due to Prof.
James Morken (Boston College, Chestnut Hill, U.S.A.) for
copies of the 'HNMR spectra of compounds 2¢ and 2d, to
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Economics, Hungary) for discussion, and to Dr. Tim Wallace
(The University of Manchester, U.K.) for helpful suggestions.

Supporting Information

'H and '3CNMR spectra. Procedures for the preparation of
epoxides 13c¢, 13d, 35a, 35b and rac-46. Experimental of: i) the
19¢—45 homologation process; ii) the sulfone/rac-46 conden-
sation study; iii) the synthesis of alcohol 27 from diol 22a.
Charts of the chiral phase HPLC analysis of alcohols 24a and
ent-24a. This material is available on http://dx.doi.org/10.1246/
besj.20180292.
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