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1. Introduction

Over the last decade organic chemistry and morécplarly transition metal-based homogenous
catalysis has been profoundly impacted by the odgweeént of C-H activation field. Such
transformations enabling step- and waste econoomstauction of molecular scaffolds using simple,
non-prefunctionalized substrates has progressivebome a valuable alternative to classical metal-
catalyzed cross-coupling reactiohsvioreover, the development of a large panel of divect
functionalization reactions unlocks the door tovgamkpedient synthesis of complex molecular
skeletons as new retrosynthetic disconnectionsioanbe designetiAccordingly, the synthetic value
of the C-H activation field has been beautifuljustrated by an elegant implementation of this
strategy in the total synthesis of numerous biaiaky active compounds like (-)-Incarviatofie,
Verruculogert, (+)-Linoxepin; and Dictyodendriffor example. In the majority of cases the C-H
functionalization approach is utilized either tandtionalize (hetero)aromatic cores or to construct
cyclic moieties by means of intramolecular transfations. In contrast, related stereoselective
reactions remain highly challenging and their impdatation into multi-step synthesis is clearly less
documented. Recently, we discovered asymmetricdttitation reactions enabling very efficient and
highly selective formation of highly substitutedally chiral biaryls! Our strategy is based on the use
of a chiral sulfoxide moiety as both directing gpowand chiral auxiliary allowing atropo-
diastereoselective functionalization of a biaryklskon (Scheme 1). Importantly, as the sulfoxide
moiety can be readily removed after the C-H adwastep via sulfoxide/lithium exchange followed
by an electrophilic trappingour strategy gives promise to access an almognitedl panel of the
axially chiral molecules. Consequently, this apploaeems perfectly suited for the construction of
high value-added scaffolds.
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Scheme 1 : Sulfoxide-directed atropo-diastereoselective C-H agition
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Axial chirality is a key feature of many privilegdiands for both organo- and transition metal
catalysis, like phosphoric acids, BINOL and BINA®T Example. Besides, the atropisomerism plays
also a key role in the biological activities of eead hatural products amongst which (-)-steganeitand
related compounds like (-)-steganacine and (-)astege are particularly important (Fig.'3).
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These dibenzocyclooctadiene lignan lactones isblate70’s from Steganotaenia araliaceare
inhibitors of tubulin polymerization into microtules. Besides, their interesting activity again288-
leukemia has also been evidenced. Accordingly, asstmc synthesis of the related axially chiral
scaffolds has attracted a significant intereshefdcientific community (Scheme 2). In 2004 Abe and
Harayama used the “lactone strategy” initially ded by Bringmant and implying enantioselective
opening of a configurationally instable (possitdéation around the Ar-Ar axis) lactone equivaleht o
a steganacine precursor, to fix the axial chirdfitesides diastereoselective construction of the/bia
linkage via Suzuki-Miyaura coupling using steredgehaloarenes bearing either central-chiral
auxiliary" or planar-chiral (arene)chromium compfeproved to be a valuable solution. In particular,
when p—hydroxy sulfoxide was used as the chiral auxilidhe biaryl scaffold could be synthesized
with an excellent atropocontrol (97:3 ét)However, this approach requires 14 steps to afford
literature reported direct precursor of (-)-stegam a total yield of 8.3%. Accordingly, a design
more straightforward and highly stereoselective teotowards such an important scaffold is
challenging. Regarding the excellent atroposelaajienerated during our asymmetric C-H activdtion
and the traceless character of the sulfoxide dirg@roup, we speculated that this synthetic payhwa
could now be used to build-up the steganone dérevat an expedient manner.
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Scheme 2 Synthetic routes towards axially chiral steganacine derivative



2. Results & discussion

Recently, we discovered that biaryl scaffolds begathe enantiopur sulfoxide directing group in the
ortho position to the Ar-Ar axis are prompt to undergo,presence of palladium catalyst, a direct
metallation and subsequent C-C, C-O and C-I cogslito afford highly substituted products with
excellent control of the axial chiralifyAs these reactions are generally high yieldindgrémt to
various functional groups and are compatible wethyvmild reaction conditions, this approach seems
perfectly suited to be used in the context of altslynthesis of steganacine derivatives, and in
particular, its known precursdk previously synthesized in our laboratory. The letgp of such
retrosynthetic pathway would consist on blocking #xial chirality by introducing, via an atropo-
diastereoselective C-H activation, an additiondssituent on the optically active biaryl precursor
with uncontrolled axial chirality (Scheme 3). Acdomgly, the direct asymmetric C-C is requested and
the newly introduced alkyl substituent should baightforwardly converted into a benzylic alcohol
via simple functional group manipulations.
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Scheme 3 General retrosynthetic approach to the steganacine derivative 1

2.1.Retrosynthetic disconnection implying atropo-diesbselective C-H alkylation

Following such hypothesis, a first retrosynthetithpvay implying an atropodiastereoselective
C-H alkylation key step was designed (Scheme 4)téxeoselective introduction of the methyl
substituent at the 6’ position, followed by its hyelylation should lead to the formation of a
configurationally stable biaryl benzylic alcohbin only 7 steps.
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Scheme 4 : Retrosynthetic approach based on atropo-diastereoseleetalkylation reaction.

Encouraged by our previous work on the Pd-catalyatrdpodiastereoselective direct
olefination, iodination and acetoxylation, we hypegized that a closely related alkylation, although



much more challengintj,could also be achieved using iodomethane as cauplartner (for details
see Sl). Disappointingly, the targeted GYsp(sp) coupling betweer¥ and iodomethane coupling
failed when using reaction conditions previouslyimjzed for the oxidative Heck reaction (Scheme
5). Addition of ancillary ligands, such as pyrididerivative (L1), N-heterocyclic carbenes (L2 and
L3) and monoprotected amino acid (L4), in presamcabsence of an acidic additive (TFA or PivOH)
was also fruitless. Finally, no desired product watected when methyl boronic acid and potassium
methyl trifluoroborate were employed as the coupfyartners. With regard to these deceiving results,
this synthetic route was abandoned.
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Scheme 5 : Atropodiastereoseletive C-H alkylation of 7.

2.2.Synthesis of steganone precursor by means of atligstereoselective oxidative Heck reaction.

An alternative route to prepare an axially chinsdqursor ofl is directly based on the oxidative Heck
reaction, previously developed in our laboratorgh@ne 6)° Indeed, an oxidative cleavage of the
double bond of the C-H olefination prod&;tfollowed by a reduction of the corresponding hidie
would deliver the targeted intermedidte
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Scheme 6 : Alternative retrosynthetic approach based on atropo-diasteyselective C-H
activation



We commenced our synthetic efforts by preparingoibeyl sulfoxide substrate (Scheme 7).
This compound may be obtained via Suzuki-Miyaunaptiog between the enantiomerically pug-(
bromo-6-(p-tolylsulfinyl)benzo(d)(1,3)dioxole 6 and the commercially available 2,3,4-
trimethoxyphenyl boronic acid. To accesgodination of 1-bromo-3,4-(methylenedioxy)benzeves
firstly performed using iodine and silver triflu@cetate” The corresponding bromo-iodo derivative
was reacted withPrMgCl and a following trapping with the opticalpure and the less expensive
(1R,2S,5R)-(S enantiomer of the menthysulfindfe afforded the desired aryl-sulfoxidé in
enantiomerically pure form and quantitative yiéltie first attempt to build up the biaryl scaffolig v
Suzuki coupling using Pd(OActatalyst, sodium carbonate base tarttbutyl ammonium bromide,
in water and under microwave heating was rathexpgisinting as the desired product was isolated in
55% yield. We speculated that the electron-richrédsoth coupling partners might account for this
moderate efficiency. Pd-PEPPSI complex was thegefested but no improvement of this Ar-Ar
coupling was observed. Finally, we were pleasedigoover that applying Buchwald’s conditiéhs
for the Suzuki coupling the desired bialwas obtained in quantitative yield. Importantlijst
reaction worked perfectly well also at 2g scale. égected, this axially chiral compound was
obtained as a mixture of two atropodiastereomera relatively rapid equilibrium, as indicated by
NMR analysis (broad signals ftdi NMR confirm that the coalescence temperatur8 & close to
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RT). 3 was subsequently submitted to our oxidative Hexdctions conditions, employing methyl
acrylate coupling partner, Pd(OAQ)atalyst, silver acetate oxidant and HFIP medids.foreseen
based on our previous work, this C-H functional@atcould be performed under extremely mild
reaction conditions (25 °C), affordirgyquantitatively and the yield of both diastereonwfr85:4 was
evaluated byH NMR. Importantly, atropopur® could be isolated in 92% yield by recrystallizatio
The stereoselective outcome of this transformaisobelieved to be controlled by a distinct steric
environment of the two atropodiastereomeric pattsdiic intermediates influenced by the stereogenic
character of the sulfoxide moiety (Scheme 8). Basedhe X-Ray structures of the closely related
products previously obtained via such sulfoxideclied atroposelective C-H activation, it can be
assumed that the functionalization occurs from dpposite site of theTol-substituent of the
sulfoxide. Indeed the two atropisomers Dfare in equilibrium, formation of Pd-IntA is favate
because of the reduced steric hindrance betweenPtheatom and the stereogenic DG and a
simultaneous minimized pseudo-allylic interactiatvizen H and H in Pd-IntA. Consequently, the
configuration of the major9 diastereomer can be assigned & Noteworthy, because two
atropisomers of3 are converted intoS@g-9, this asymmetric C-H activation follows a dynamic
kinetic resolution scenario. However, epimerizatidrihe two atropisomeric palladacycles cannot be
excluded.
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Scheme 8 : Proposed mechanism of the stereoinduction duringetiC-H activation step.

Once the axial chirality of the biaryl scaffoldstalled, the functional group interconversion is
undertaken to access steganone precdré8cheme 9). Initially, ozonolysis of the alkene etgiwas
targeted but a complex crude mixture was obtaineeinwerforming the reaction in a mixture of €CI
and CHCI, at -20 °C. Subsequently, we explored the Psfdalyzed oxidative cleavage. Deceivingly,
although several different oxidants (hydrogen pei®xoxone, NMO, NalQ) and solvents (DMF,
acetonitrile, water/dioxane) were tested, a clegttion was not achieved. Addition of a weak base,
such as 2,6-lutiding,or phenyl boronic acid (to convert the double bamd bulky phenylboronic
ester) did not produce the expected results néither

In light of these difficulties, we reasoned thae tklectron withdrawing character of the ester
substituent of the olefin moiety accounts for thederate reactivity of this oxidative cleavage and
hence reduction of the ester group into alcoholukhdoe beneficial. Following this hypothesis,
DIBAL-H reduction of9 was performed and the corresponding benzylic alcatas isolated together
with a small amount of the remaining starting mate(9:1 mixture of10 and9). This mixture was



directly engaged in the oxidative cleavage usin@fQOsatalyst and NMO oxidant in acetone/water
medium. Rewardingly, the starting material wasyfatbnsumed but a complex stereoisomeric mixture
of 11 and 12 was observed on TLC and LC-MS. Fortunately, thigde could be successfully
converted into the desired aldehyaldy means of Pb(OAginediated oxidative cleavage of the diol
motif. Reduction of the crud®e and subsequent protection of the correspondinghaladelivered the
atropodiastereomerically pudeR = TBDMS) inan exceptional 92% vyield over Spste
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Scheme 9 : Synthesis of 4-OTBDMS.

Completion of the targeted synthesis consists oroval of the sulfoxide directing group and
concomitant installation of the aldehyde motif (8cie 10). A cleavage of the Ar-$Tol bond in
presence of lithium bases followed by an electriaphiapping is well described in literatuten the
context of the synthesis of atropoenantiopure bisegffolds, a major difficulty may arise from the
possible atropo-epimerization when an Ar-Li intediage is formed.Aware of this sensitive step, we
performed the targeted sulfoxide/lithium exchangkofved by the electrophilic trapping implying
methyle formate as the aldehyde precursor, usi@g dquiv. oftBuLi in THF at -94 °C> We were
delighted to see that the targeted moleduteuld be synthesized in a good yield of 60%. Irtguty,
the optical purity oflL was maintained as confirmed by chiral HPLC analysi
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Scheme 10 : Final step — sulfoxide/lithium exchange.



3. Conclusions

In summary, we have successfully executed a fosyathesis of (+)-steganone. The herein
described approach is very straightforward as thrgeted scaffold is afforded in only 10 steps,
amongst which 5 of them are performed without otaof the crude products. Accordingly, the final
productl is isolated in remarkable overall yield of 42.3%damith an enantiomeric excess above
98%. Importantly, the key step of this synthesieveihg induction of the chiral information implies
the asymmetric C-H activation. Important to notealso the fact that this synthesis does not require
any expensive chemicals and catalysts and allyt@tateps may be performed on multigram scale.
We note that usingg-sulfoxide directing group, the enantiomer of trecursor of the naturally
occurring (-)-steganone is prepared. However,titridentical synthetic approach would delivaiR}-
1if (R)-sulfoxide is embedded on the biaryl substrath@beginning of this synthesis.

Accordingly, we illustrate herein that thanks te @&xcellent stereoselectivity, efficiency, robuste
and traceless character of the DG, the sulfoxidected asymmetric C-H activation can be astutely
employed to construct natural products, allowingigie of unprecedented and very efficient synthetic
strategies.

4. Experimental section

General information: Unless otherwise noted, algents were purchased from commercial suppliers
(Sigma-Aldrich, Fluka, Acros, Alfa Aesar) and weised without further purification.

Anhydrous conditiongerm denotes reactions conducted under argon igldsgware (flame-dried or
oven-dried) using dry solvents: THF was distillaar Na/benzophenone. Anhydrous diethylether,
dichloromethane and toluene were purchased fromigld(Sure/Seal packaging, kept over 3 A
molecular sieves). Molecular sieves were activateteating at > 180 °C under vacuum overnight.
Organolithium reagents were titrated using the no-D NMR  proceduf?
Flash chromatographyrefers to column chromatography using silica geé(dk 60, 40-63 pm size),
driven by pressurized air and according to the gjiids of Still, W. C.; Kahn, M.; Mitra, AJ. Org.
Chem.1978 43 (14), 2923.

Thin layer chromatography(TLC): was carried out using Merck Kieselgel 6@4ilica gel plates.
NMR : recorded on Bricker Avance 400 or 300, the FIB twaated with NMR notebook, TopSpin.
The chemical shiftd) is given relative to the residual signal of tlwvent (CHCk: & (‘*H) = 7 .26
ppm ; & (*3C) = 77.16 ppm. Broad = Br, singulet = s, doublet, triplet = t, quadruplet = g, multiplet
= m. Specific description of signals: 7.08A’ BB'm, 2H) refers to an AA'BB’ spin system using
Pople notation, where the AA’ multiplet part is temed at 7.06 ppm and integrates for 2 protons.
HRMS measurements were performed by Service de Spedtierdé Masse de L'institut de Chimie
at the University of Strasbourg.

Elemental Analysismeasurementsvere performed by the Analytical, Physical Measweets and
Optical Spectroscopy Service of the University thSbourg.

6-bromo-5-iodobenzof]][1,3]dioxole"’
To a vigorously stirred solution of 5-bromoberdiff,3]dioxole (1 eq., 8 g, 4.82 mL, 39.8 mmol) and
silver trifluoroacetate (1.1 eq., 9.67 g, 43.8 mmopIDCM (100 mL) at -20 °C was added dropwise



over 1 h a solution of iodine (1.1 eq., 11.1 g,848imol) in a mixture of DCM (200 mL) and
diethylether (100 mL). The mixture was then allovbedk to room temperature and stirred overnight.
The reaction mixture was quenched with a 10 % (ve@Wition of sodium thiosulfate, the phases were
separated and the aqueous phase was extractedietitlylether. The combined organic phases were
washed with a saturated NaHE$€»lution, brine, and dried over sodium sulfate. Boévent was
removed under reduced pressure and the crude pradscrecrystallized from methanol yielding 6-
bromo-5-iodobenzal|[1,3]dioxole (11.1 g, 33.9 mmol, 85 %).

'H-NMR (CDCls, 400 MHz): 7.24 (s, 1H), 7.08 (s, 1H), 5.99 (s, 2im.**C-NMR (CDCl, 101
MHz): 6 = 149.1, 147.9, 120.7, 119.1, 112.7, 102.3, 8pr8 p

6:(9)-5-bromo-6-(p-tolylsulfinyl)benzo[d][1,3]dioxole

To a solution of 6-bromo-5-iodobenzii[L,3]dioxole (1.25 eq., 8.13 g, 24.87 mmol) in FKB3 mL)

at -20 °C was added dropwise a solution-#frMgCl (1.306 eq., 2 M in THF, 13 mL, 26 mmol). The
resulting mixture was stirred at -20 °C for 1.5 houThe Grignard solution was cannulated to a
solution of (R,2S5R)-(-)-menthyl §)-p-toluenesulfinate (1 eq., 5.86 g, 19.9 mmol) in THF (100
mL) at -20 °C and stirred at this temperature ftwo8rs. The reaction mixture was then allowed back
to 0 °C over 1 hour and stirred for another hour dhis temperature.
The reaction was diluted with diethylether and aqird by a saturated solution of ammonium
chloride. The phases were separated and the aqué@se was extracted with diethylether. The
combined organic phases were dried over sodiunatsuéfnd the solvent was removed under reduced
pressure; the crude product was then charged wbbmstor and placed under vacuum at 40 °C
overnight in order to sublimate the menthol outhaf crude product. The resulting solid was purified
by crystallization by liquid/liquid diffusion oin-pentane into DCM, yielding §-5-bromo-6-(p-
tolylsulfinyl)benzof][1,3]dioxole (6.7 g, 19.8 mmol, 99 %), with an etiameric ratio > 95 : 5.

'H-NMR (CDCl;, 400 MHz) : 7.62AA’ BB'm, 2H), 7.43 (s, 1H), 7.25 (ABB’m, 2H), 6.95 (s, 1H),
6.06 (dd, J = 16.1, 1.2 Hz, 2H), 2.37 (s, 3H) ppi@-NMR (CDClL, 101 MHz):8 = 150.9, 148.8,
142.0, 142.0, 130.1 (26 + 1C), 125.8 (2G,), 113.0, 111.8, 106.1, 102.7, 21.6 pda}® = -16.5°

(c =2.32, CHG). EA : Calcd. for: (C) 49.57, (H) 3.27 found: (C) 49.50, (H) 3.32.

3:(9)-5-(p-tolylsulfinyl)-6-(2,3,4-trimethoxyphenyl)benzofd][1,3]dioxole.

A sealed tube, flushed with argon, was charged witliS-5-bromo-6-p-
tolylsulfinyl)benzof][1,3]dioxole (1 eq., 1 g, 295 mmol), dicyclohej@/2,6-
dimethoxyphenyl)phenyl]phosphane (6.03 mol%, 73 mg0.178 mmol) and
Tris(dibenzylideneacetone) dipalladium (1.52 mokb,mg, 0.0448 mmol), along with;RO, (3.04

eqg., 1.9 g, 8.95 mmol). Anhydrous toluene (20 mlgswadded, followed by a solution of 2,3,4-
trimethoxyphenylboronic acid (1.25 eq., 780 mg,83r6mol) in anhydrous toluene (10 mL) The
reaction mixture was stirred at 110 °C for 10 hours
The reaction mixture was cooled down to room tempee and filtrated over celite. The filtrate was
diluted with diethylether and washed with a 1M Na&#fution to remove unreacted boronic acid, and
the aqueous phase was extracted with diethyletier combined organic phases were concentrated to
approx. 20 mL and filtrated over a silica plug. &fremoval of the solvent under pressure, the crude
product is pure enough for most utilization. Nekekess, flash chromatographiy (c-Hex/EtOAC)
yielded analytically pureS)-5-(p-tolylsulfinyl)-6-(2,3,4-trimethoxyphenyl)benzdj[1,3]dioxole (1244

mg, 2.92 mmol, 99 %)

Note : because we are near the coalescence tenuperfatr most of the signals fitl-NMR and™C-
NMR at room temperature, some signals are spli0(~50) between the two atropisomers in the
spectra, whereas some are not ; however the mgjofithe signals are very broad. In tH€ spectra



some signal are too broad to be detected.
'H-NMR (CDCls, 400 MHz) : 7.42 (brd, 0.5H), 7.31 (Brd, 0.5H)18 (Brd, 1.5 H), 7.13 (s, 2H), 7.11
(s, 1H), 6.70 (brd, 2H), 6.54 (Brd, 0.5H), 6.01 Jds 8.1 Hz, 2H), 3.91 (s, 3H), 3.85 (Brd, 3H)/3B.
(Brd, 1.5H), 3.32 (Brd, 1.5H), 2.30 (s, 3H) ppifC-NMR (CDCl, 101 MHz):6 = 154.2, 151.3,
149.8, 148.2, 142.4, 141.0, 129.6, 126.2, 125.4,412110.9, 110.9, 107.0, 105.2, 104.3, 102.0,,61.1
56.2, 27,0 21.4 ppntRMS (ESI): calc. for GsH,:0S 427.120 ; found 427.121.

9: methyl (E)-3-(3,4,5-trimethoxy-2-((e6)-6-((S)-p-tolylsulfinyl)benzo[d][1,3]dioxol-5-
yl)phenyl)acrylate.

To a solution of 9-5-(p-tolylsulfinyl)-6-(2,3,4-trimethoxyphenyl)benzd|[1,3]dioxole (1 eq., 1244
mg, 2.92 mmol), palladium diacetate (10 mol%, 6Bdy 0.292 mmol) and silver acetate (2.03 eq.,
990 mg, 0.305 mL, 5.93 mmol) in hfip (10 mL) waslad methyl acrylate (1.9 eq., 478 mg, 0.5 mL,
555 mmol). The resulting mixture was stired at 28C for 36 hours.
The reaction mixture was diluted with diethyletlzard filtrated over celite. The organic phase was
washed with water, the phases were separated aratjtteous phase extracted with ethylacetate. The
combined organic phases were filtrated over asspicig and the solvent was removed under reduced
pressure. Crude proton NMR showed the presencemtitropodiastereomers : methid)3-(3,4,5-
trimethoxy-2-(&S)-6-((9-p-tolylsulfinyl)benzof][1,3]dioxol-5-yl)phenyl)acrylate (1420 mg, 2.78
mmol, 95 %), and methyE}-3-(3,4,5-trimethoxy-2-@R)-6-((S)-p-tolylsulfinyl)benzof][1,3]dioxol-
5-yl)phenyl)acrylate (62 mg, 0.121 mmol, 4 %); toteeld of methyl E)-3-(3,4,5-trimethoxy-2-(-6-
((9-p-tolylsulfinyl)benzof][1,3]dioxol-5-yl)phenyl)acrylate (1482 mg, 2.901 nml, 99 %)

In order to obtain pure methyl  E)-3-(3,4,5-trimethoxy-2-((8)-6-((9-p-
tolylsulfinyl)benzof][1,3]dioxol-5-yl)phenyl)acrylate, the crude mix@rf both atropisomers was
dissolved at room temperature in a 10 : 1 mixturaliethylether/DCM; slow evaporation of this
solution yielded methyl §)-3-(3,4,5-trimethoxy-2-((8)-6-((S-p-tolylsulfinyl)benzof][1,3]dioxol-5-
yl)phenyl)acrylate (1370 mg, 2.68 mmol, 92 %) aedess small prisms.

'H-NMR (CDCl;, 400 MHz) : 7.42 (d, J = 15.9 Hz, 1H), 7.32 (s)1A26 AA’BB'm, 2H), 7.16
(AA’BB’'m, 2H), 7.00 (s, 1H), 6.62 (s, 1H), 6.30 (d, J #9189z, 1H), 6.08 (dd, J = 12.5, 1.3 Hz, 2H),
3.96 (s, 3H), 3.81 (s, 3H), 3.72 (s, 3H), 3.373), 2.32 (s, 3H) ppm*C-NMR (CDCk, 101 MHz):

0 =167.0, 154.1, 151.6, 150.0, 148.8, 143.6, 14»1,9, 141.3, 138.9, 129.8 (26, 129.7, 129.3,
125.6 (2 Gro), 125.6, 119.6, 111.1, 105.7, 104.9, 102.2, 63004, 56.2, 51.8, 21.5 ppru]?® = -70.4

° (c = 0.9, CHGJ). EA : Calcd. for: (C) 63.52, (H) 5.13found: (C) 63.40, 5.15 (H).

4-OTBDMS:tert-butyldimethyl((3,4,5-trimethoxy-2-((aS)-6-((S)-p-
tolylsulfinyl)benzo[d][1,3]dioxol-5-yl)benzyl)oxy)silane.

-Step 1 To a solution of methyl  H)-3-(3,4,5-trimethoxy-2-((8)-6-((9-p-
tolylsulfinyl)benzof][1,3]dioxol-5-yl)phenyl)acrylate (1 eq., 451 mg8834 mmol) in THF (2.5 mL)

at -78 °C was added dropwise DIBAL (3.51 eq., 1MTHF, 3.10 mL, 3.10 mmol). The reaction
mixture was stirred at - 78°C for 4 h (TLC analysi®wed low conversion), and was then allowed
back to 0°C over 6 hours.
The mixture diluted with ether and was quenchedibyce-cold 1M HCL solution. The phases were
separated and the aqueous phase was extractedietitlylether. The combined organic phases were
washed with an 1M HCI solution, a saturated NakH®&@lution, and dried over sodium sulfate. The
solvent was removed under reduced pressure, yighlprox.. 90 : 10 mixture df0: (E)-3-(3,4,5-
trimethoxy-2-((&)-6-((9-p-tolylsulfinyl)benzof][1,3]dioxol-5-yl)phenyl)prop-2-en-1-ol B: methyl
(E)-3-(3,4,5-trimethoxy-2-((8-6-((S-p-tolylsulfinyl)benzof][1,3]dioxol-5-yl)phenyl)acrylate which
was directly engaged in the next step.
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- Step 2 The approx. 90 : 10 mixture &0:9 was dissolved in acetone (6 mL), and @£898 mol%,
0.08 M (2.5 % w/w) irnt-BuOH, 440uL, 0.0352 mmol) was added. The resulting mixture st@red 5
min. at 25 °C, when a solution of NMO (1.2 eq., 12¢, 1.06 mmol) in water (1.5 mL) was added.
The reaction was stirred at 40 °C for 1 day, whe@ Bnalysis (cHex/EtOAC/AcOH 3 : 7 : 0.5) and
proton NMR showed complete conversion. The reaatias diluted with diethyl ether and quenched
by the addition of a saturated sodium sulfite sotu{(8 mL) and vigorously stirred at 35 °C for 30
min. The phases were separated, and the pH ofgineoas phase was adjusted to ~1/2 with an 1 M
sulfuric acid solution. The aqueous phase was #xtracted with EtOAc, and the combined organic
phases were washed with a saturated Nas#G(Dtion, dried over sodium sulfate, and the sdlveas
removed under reduced pressuiiéhg crude product from step 2 was dried by additibtoluene (2 x
~10 mL) and removal of the solvent under reducedgure at 60 °C.

-Step 3 Under an inert atmosphere, the crude productdissolved in anhydrous DCM (30 mL), to
which was added portion wise Pb(OAg€)L.55 eq., 608 mg, 1.37 mmol) at 0 °C. The icéh haas
removed, and the mixture was stirred at 25 °C @i, when TLC analysic{Hex/EtOAc/AcOH 3

. 7 : 0.2 ; revealed with 2,4-DNPH) showed completeversion and only one aldehyde/ketone
product.

The reaction mixture was filtrated over a silicéiteeplug (washed with DCM) and the solvent was
removed under reduced pressure. The crude prodigctirectly engaged in the next step.

-Step 4 To the crude product was added methanol (8 mt)the resulting mixture was cooled down
to 0 °C. A freshly prepared solution of NaB@.99 eq., 3 M in 1 M NaOH aqueous solution, 880
2.64 mmol) was then added drop wise to the methsaiation at 0 °C. The reaction was stirred at 30
°C for 30 min., diluted with diethylether and watand quenched by careful addition of an 1 M
sulfuric acid solution. The phases were separated,the agueous phase was extracted with EtOAc.
The combined organic phases were washed with aasaduNaHCQ solution, the solvent was
removed under reduced pressure and the crude prnedadirectly engaged in the next step.

-Step 5 To a solution of the crude product and imidaZ@l®& eq., 150 mg, 2.203 mmol) in DMF (4
mL) was added portion wise at 0 °C TBDMSCI (1.25, éldp7 mg, 0.19 mL, 1.108 mmol). The
mixture was stirred at 35 °C for 8 h, quenched hylav NaOH solution, and diluted with EtOAc.
The phases were separated and the aqueous phasetveased with EtOAc. The combined organic
phases were washed with brine and dried over soduifate. After removal of the solvent under
reduced pressure, flash chromatograptéx/EtOAC), yielded, over five stepd;OTBDMS:tert-
butyldimethyl((3,4,5-trimethoxy-2-(@-6-((S)-p-tolylsulfinyl)benzofd][1,3]dioxol-5-
ylbenzyl)oxy)silane (462 mg, 0.8094 mmol, 92 %).

'H-NMR (CDCl;, 400 MHz) : 7.36 AA’BB'm, 2H), 7.19 (AABB’'m, 2H), 7.19 (s, 1H), 7.04 (s, 1H),
6.63 (s, 1H), 6.04 (dd, J = 10.6, 1.4 Hz, 2H), 4(63J = 13.8 Hz, 1H), 4.42 (d, J = 13.8 Hz, 13194
(s, 3H), 3.81 (s, 3H), 3.52 (s, 3H), 2.34 (s, 3HI3 (s, 9H), 0.07 (s, 3H), 0.03 (s, 3H) ppiE-NMR
(CDCls, 101 MH2z):6 = 153.9, 151.1, 150.1, 148.4, 142.0, 140.9, 14188,8, 135.8, 130.6, 129.7 (2
Co-1o), 125.2 (2 G10), 121.6, 110.4, 105.7, 105.7, 102.0, 62.9, 60085,6866.0, 26.0, 21.4, 18.4 (3 C
8w, -5.2, -5.3 ppm[a]® = -102.45 ° (c = 1, CHG). HRMS (ESI): calc. for GoHzsLiO;SSI 577.227;
found 577.225.

1:(a9)-6-(6-(((tert-butyldimethylsilyl)oxy)methyl)-2,3,4-trimethoxyphenyl)benzo[d][1,3]dioxole-5-
carbaldehyde®
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Anhydrous conditions To a solution of tert-butyldimethyl((3,4,5-trimethoxy-2-(&-6-((S-p-
tolylsulfinyl)benzof][1,3]dioxol-5-yl)benzyl)oxy)silane (1 eq., 95 m@,1664 mmol) in THF (3 mL)
was added quicklyert-BuLi (4.09 eq., 1.70 M in pentane, 0.40 mL, 0.68al) at -94 °C. The color
of the reaction mixture changed from pale yellovatstrong yellow/orange, and, when no more color
change was evident (approx. 4 min. at — 94 °C) hyiieirmate (9.7 eq., 96.8 mg, 0.10 mL, 1.612
mmol) was immediately added in one portion. Thetarx was then stirred for 15 min at -94 °C then
allowed to warm up in air to 0°C.
The reaction was quenched by a saturated ammortilonde solution, diluted with diethylether and
the phases were separated. The aqueous phase trasteek with EtOAc; the combined organic
phases were dried over sodium sulfate. Flash chliography ¢-Hex/EtOAC from 90 : 10 to 80 : 20)
yielded (8)-6-(6-(((tert-butyldimethylsilyl)oxy)methyl)-2,3,4-
trimethoxyphenyl)benzd][1,3]dioxole-5-carbaldehyde (46 mg, 0.0995 mmal %6)

'H-NMR (CDCl;, 400 MHz) : 9.50 (s, 1H), 7.46 (s, 1H), 6.96 (8)),16.68 (s, 1H), 6.10 (d, J = 7.43
Hz, 2H), 4.34 (d, J = 13.2 Hz, 1H), 4.25 (d, J =218z, 1H), 3.92 (s, 3H), 3.88 (s, 3H), 3.61 (s),3H
0.88 (s, 9H), -0.03 (s, 3H), -0.03 (s, 3H) ppit-NMR (CDCk, 101 MHz):8 = 190.5, 153.8, 152.4,
151.4, 148.1, 140.9, 137.2, 135.6, 129.7, 121.8,011106.4, 106.1, 102.2, 63.0, 61.1, 61.0, 56.1,
26.0, 18.4 (3 Gy), 5.3, -5.3 ppm[a]® = +2.38 ° (c = 0.85, CHEl HRMS (ESI): calc. for
C,4H3,LiO;SST 467.208; found 467.209. The optical purity bf> 98% was determined by chiral
HPLC analysis using IB column (hexaif@OH 98:2, 0.5 mL/min), {¥" = 14,73 min, """ =
15,78 min. For details see Sl.

Remarks: The product was manipulated with special caution to avoidejsmerization at higher
temperature (evaporation of solvents using batteroteding 35 °C).
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