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Abstract

Three stereoselective synthetic approaches tdetrafuran-containing biaryl scaffolds are desalibe
All approaches involve a high-pressure promotedsbdder reaction of substituted diene with methyl
propiolate to give, after aromatization, the copmxling biaryl. The tetrahydrofuran moiety can be
created starting from aryl-Br or aryl-GRe functional groups through gphenylseleno ketone
intermediate.
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1. Introduction
Tetrahydrofurans represent a structural motif widalesent in natural compounds, such as macrolide

antibiotics’ polyether ionophoreésacetogening,and oxidized lignariswith significant and various



biological activities. Thus, considerable efforsvl been devoted to the stereoselective synthésis o
such structure3® Similarly, biaryl templates are privileged struetsl occurring in pharmaceutical
agents, such as anti-infecti¥e, hypocholesterolemit, antipsychotid® anti-inflammatory'*
antidiabetic* and antihypertensive drug&Moreover, biaryls are valuable synthetic buildivigcks

for metal ligand¥*® and novel organic materiai52®and transition metal-catalysed cross-coupfiy

is the preferred method for their synthesis. Theetigpment of new chemical entities represents an
important challenge in pharmaceutical science,d#ie use of privileged scaffolds for library desig
and drug discovery a valuable approach. As pamuwfgeneral interest in high-pressure promoted
Diels-Alder reactionfs®* for the synthesis of 1,1-biaryls and the utilitfj organochalcogen
intermediates in organic synthe$is° we focused our attention on the tetrahydrofuramaiaing
biaryl scaffold due to the ability of each motifilnd multiple targets.

Herein, we report three different and stereoseleciyntheses of novel tetrahydrofuran-containing
biaryls (Scheme 1) by combining a high-pressummated regiospecific [4+2] Diels-Alder reaction
with our previously reported approach to 2-subsgiitetrahydrofuran$To the best of our knowledge,
the synthesis of 2-biaryl substituted tetrahydrafisr has not been previously investigated except for
some C-ribonucleoside and C-2'-deoxyribonucleoside®nly a few examples of 2-aryl- and 2-
heteroaryltetrahydrofuraffs®* non-stereoselective synthesis, based on the tiotivaf THF at thea-

position>® have been reported.
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Scheme 1. Envisaged general approach for the synthesis mafrtgdirofuran-containing biaryls.



2. Results and Discussion

A retrosynthetic analysis showed three possiblatesgies for the assembly of the 2-tetrahydrofuran
moiety on the biaryl system. The first approach tfMd 1) was based on the construction of the
tetrahydrofuran ring from a bromo-substituted bewezéo give a 2-arylsubstituted tetrahydrofuran
intermediate, which was then employed for the sgsithof the biaryl system (Scheme 2). Our second
strategy (Method 2) featured a late stage instalabf the tetrahydrofuran ring on a bromo-
functionalized biaryl (Scheme 3). Finally (Method ® overcome the drawbacks of the first and the
second methods, we realised that the tetrahydnofcwald be prepared starting from a carbomethoxy-
functionalized biaryl. This led to a simple and glsynthetic pathway (Scheme 5).

2.1. First strategy

In Method 1, the protected benzyl alcoiavas transformed into the corresponding mixed msigne
cuprate intermediate following the procedure regmbin the literatufeand it was then subjected to

couple with 4-(phenylseleno)butanoyl chloride inHEEcheme 2).
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Scheme 2. Method 1: Preparation of the tetrahydrofuran-aombg biaryl 8 from O-protected-5-

bromo-2-methoxy benzyl alcohil

The resulting/-phenylseleno keton2was enantioselectively reduced by the oxazabongidatalyzed
Corey procedur® to give the optically active phenylseleno alcot®lin excellent vyield. The
configuration of the major enantiomer of compoudidvas tentatively assumed according to the
mechanism proposed by Corey and others. Reacti8nvih an excess aftchloroperoxybenzoic acid

in the presence of dipotassium hydrogen phospHétedad the selenone intermediate, which was
further converted into the corresponding 2-subistituetrahydrofurad by treatment with powdered
potassium hydroxid&?® The optically active tetrahydrofurah was obtained in good yield and in
90.6:9.4 enantiomeric ratio as determined by HPh&lysis on chiral stationary phase. Deprotection of
hydroxyl group in compound with TBAF afforded the free alcoh&| which was then oxidised with

periodic acid to the corresponding aldehyde inteliate. The aldehyde was immediately reacted with



acetone in the presence of sodium hydroxide to tiigedenzylideneacetolederivative in satisfactory
62 % global yield* Wittig reaction of this enone with methyltripheplibsphonium bromide furnished
the expected phenyl-butadieiein excellent yield (Scheme 2). In our approachetmahydrofuran-
containing biaryl8 a high pressure promoted and regiospecific DidtleAreaction of7 with methyl
propiolaté! was involved to give a cyclohexadiene intermedialtéich, after aromatization, gave the
biaryl.  Although the expected Diels-Alder produstas easily obtained, the reaction of the
cyclohexadiene intermediate with DDQ did not fumtbe awaited biary8, whereas treatment with
NBS and subsequent reaction withNEtesulted in a complex mixture and no trac® efas observed.
To overcome this drawback, a milder and sequebt@hination-elimination reaction on the activated
double bond of cyclohexadienyl benzene intermedigaés performed. Thus, brominatiérof the
isolated double bond with a solution of brominalichloromethane at -70°C afforded the brominated
derivative that was readily converted into the nesnzene ring of the desired bia&lby simple
treatment with potassiutert-butoxide at r.t. The novel functionalized scaff8levas obtained in 46%
global yield from7 (Scheme 2). To our knowledge, this aromatizatimiqeol has not been reported
before. No loss of enantiomeric purity occurredimyrthese reactions, as demonstrated by the
enantiomeric ratio o8, measured by HPLC analysis on chiral stationagsph

2.2. Second strategy

Method 2 was based on the construction of thehgthafuran ring in the last part of the synthetic
sequence described above. This second approatitaio @ novel tetrahydrofuran-containing bial#l

is reported in Scheme 3.
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Scheme 3. Method 2:Preparation of tetrahydrofuran-containing biagaféold 14 from (E)-3 methyl-

1-(4-bromophenyl)buta-1,3-dier®e

The required substituted butadieheas readily synthesized in high yield by Wittigqicgiorf? from the
commercially availableE)-3 methyl-1-(4-bromophenyl)but-3-ene-2-one. Thaiene9 was used in a
regiospecific Diel-Alder reaction with methyl profhte promoted by high-pressure (9 Kbar) in
dichloromethane at 50 °C. According to Scheme &, ¢lcloadduct intermediate obtained was
aromatised to biarylO through the same procedure followed to pre@afénhus, addition of bromine to
cyclohexadiene intermediate resulted in the foromatof a brominated derivative, which was
immediately treated with potassiuert-butoxide to yield biaryllO in 52 % global yield. Through the
simple synthetic steps described above for compoiind appeared useful to synthesise the
tetrahydrofuran ring from bromobiargl0. In this case, due to the reactivity of the caswogthyl
group under Grignard reaction conditions, est@rwas easily converted in three steps (without
isolation of the intermediates) into tkesilyl protected benzyl alcohdll. It is interesting to note that

the direct reaction ofl0 with LiAIH, afforded the benzyl alcohall with the corresponding
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debrominated benzyl alcohol derivative as an eqléoutar mixture. Therefore, we reasoned thht
could be more conveniently prepared through thardmreduction of the acid intermediate (Scheme 3).
The preparation of the Grignard reagent frblnwas the key step of the entire procedure becagse w
needed it to prepare the required mixed magnesiyrate reagent. Following the protocol used to
prepare2, the y-phenylseleno keton&2 was obtained in satisfactory 63% yield (Scheme T2k
enantioselective reduction a2 with (S)-Me-CBS® gave the expectegiphenylseleno alcohd3 in
75% yield and in 87.7:12.3 enantiomeric ratio, nuead by HPLC analysis on chiral stationary phase.
Finally, oxidation of the selenium atom of alcolA8linto the corresponding selenone intermediate was
carried out in THF at r.t. with an excessnethloroperoxybenzoic acid in the presence of digsitan
hydrogen phosphate as above. The tetrahydrofurataioing biaryl scaffoldl4 was clearly formed in
good global yield after addition of powdered poiasshydroxide as reported befdt& No loss of
enantiomeric purity occurred during this conversias demonstrated by the enantiomeric ratia4pf
measured by HPLC analysis on chiral stationary @has

2.3. Third strategy

Methods 1 and 2 described above were unsatisfabemguse of the incompatibility of some functional
groups, especially the carbonyl, to Grignard reagdimerefore, we turned our attention to an
alternative approach to successfully prepare/plenylseleno ketone required for the synthesib®f
tetrahydrofuran moiety. Recently, it has been reggba new complementary route dgphenylseleno
ketoné® starting fromdvalerolactonevia a B-ketolactone intermediate which undergoes cleawge

the alkyl carbon-oxygen bond of lactone by pherglsaate anion (Scheme 4).

0 0 o
RCOCI PhseNa @ SePh
0 ——— R 0 ——r HA -~
-CO, R



Scheme 4: Complementary route tdphenylseleno ketone.

Inspired by this procedure, we envisioned the fi#yi of using the carbomethoxy group of methyl

propiolate, introduced during the biaryl synthdsysDiels-Alder reaction, as a precursor of the acyl

group necessary to prepare tfeketolactone. Thus, according the method 3, the nceruially

available E)-4-(2-chlorophenyl)but-3-en-2-ond5 was reacted with isopropenyl acetate, methyl

propiolate and catalytip-toluenesulfonic acid under high-pressure (9 Kkarg0 °C (Scheme 5).

Under these conditions a multicomponent reacticsuoed where an acetoxy-1,3-diene, generated

situ by acid catalysed enolacetylation of the enoné wibpropenyl acetate, reacted with the dienophile

methyl propiolate to give a Diels-Alder cycloadduictermediate as recently reportédifter a quick

purification through a short silica gel column, ttrade cycloadduct obtained frath was submitted to

oxidation with DDQ and the expected biat@ was isolated in 67% global yield.
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Scheme 5. Method 3: Preparation of tetrahydrofuran-containing biarD from (E)-4-(2-

chlorophenyl)but-3-en-2-onkb.



Then biaryl16 was easily converted in three steps (without tgmtaof the intermediates) into the
methoxy substituted biaryl acltV in 72% overall yield (Scheme 4). The synthesig-phenylseleno
ketonel8 was the key step of the entire synthetic strat&@bus,y-butyrolactone was deprotonated by
treatment with LDA in THF at -70 °C and the resujtienolate was reacted with the corresponding acyl
chloride derived froni7 to give the3-ketolactone intermediate, which was employed endhiccessive
reaction without purification. The crude lactongyon treatment with sodium phenylselenolate,
underwent clean nucleophilic lactone scission veitimcomitant loss of COto easily afford they-
phenylseleno ketond8 in 60% overall yield. The stereoselective reductiof 18 using Corey
procedurd®? furnished the expecteg-phenylseleno alcohol9 in 76% vyield. Chromatographic
separation of configurational isomersl®&was attempted using different conventional chedlmns,
such as Chiracel OD-H, Lux-Cellulose 2, Lux-Amilodeand Welk R,R-1. However, none of the
above-mentioned phases was successful in deteramnat the enantiomeric ratio of alcoh@b.
Finally, oxidation of19 with an excess amount ofi-chloroperoxybenzoic acid in the presence of
dipotassium hydrogen phosphate occurred smoothht.aib give the corresponding phenylselenone
intermediate, which cyclised in the presence of ¢geened KOH according to aéxotet ring pattern to
deliver the new desired tetrahydrofuran-containimigryl 20 in 77% vyield. Unfortunately, the
enantiomeric ratio determination 20 was not achieved on available chiral stationargsghcolumns.
Moreover, in the chromatographic run carried out.ar-Cellulose 2 at 10°C a classical peak-plateau-
peak shape, characteristic of simultaneous on-aoleeparation and intercoversion process of
unresolved atropoisomers, was obserfe@he presence of four species was visible at 5°€ bu
unfortunately the four peaks were not resolvedaAsatter of fact, the biar@0, as well as alcohdl9,
contains two differenbrtho substituents besides the presence of a chirakecelhese structural
features are characteristic of a molecule withpgbtential for hindered rotation about the singl@dbo
connecting the aryl rings, which can lead to foioraif conformational isomers (atropoisomers) as

9



enantiomeric paird’ In general, NMR spectra recorded at r.t. for ceteg biaryl compounds show
duplications and broadening of signals. In our daséH NMR spectra 0f20 in CDCk at 293 K did

not show any signal splitting, while it was possiltb see the peaks duplication on MB&NMR
signals. However, not evelHNMR in DMSO-d allowed a clear signal assignment (see Sl) as it
presented complicated patterns, indicatngriori the presence of different conformétdt was not
possible to establish the relative conformer rayoNMR nor HPLC profile and further studies are
currently ongoing in our laboratory, given the impoce of atropoisomerism in drug discovery and

development?

3. Conclusions

Three different and stereoselective strategiestlfier synthesis of new tetrahydrofuran-containing
biaryls were developed. The procedures were baseithe construction of functionalised biaryls by

transition metal-free and high-pressure (9 Kbamnmted Diels-Alder reactions. The use of a
stereospecific intramolecular nucleophilic subsiitu of the phenylselenone residue by the oxygen
atom of a hydroxy group allowed efficient formatiohthe tetrahydrofuran ring. Moreover, we also
showed a mild aromatisation of cyclohexadiene bynavel bromination/dehydrohalogenation

procedure and a new preparatiorygfhenylseleno ketones from butyrolactone. Our cureéforts are

directed toward the synthesis of tetrahydropyrassstuted biaryls and heterobiaryls.

4. Experimental section

4.1. Materials and methods

All reaction of air- and water-sensitive organoietsiwere carried out in flame-dried glasswareemd
argon using standard techniquedl the compounds were purifiethy column chromatography.

Chromatography was performed on silica gel (Mer€k B0-230 mesh), and analytical TLC was
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carried out on pre-coated silica gel plates (Ma06kF254, 0.25 mm) using UV light and 0.5% wi/v
potassium permanganate aqueous solution (followedydntle heating) for visualisation. Melting
points were measured on a hot plate apparatus rendneorrected. Proton magnetic resonarke (
NMR) spectra were recorded at 200 and 400 MHz. @arnagnetic resonanc&’¢ NMR) spectra
were recorded at 50 and 100 MHz. Unless otherwiseiied, CDC} was used as solvent at 293 K and
chemical shifts) are reported in parts per million (ppm). The NIigpectra were calibrated using the
proton or carbon signals of residual, non-deuterat#vents peaksy 7.27 andsc 77.0 for CDC4. *H
NMR spectral data are tabulated in the order: milidity (s, singlet; d, doublet; t, triplet; q, quet; m,
multiplet; and br, broadened), number of protormjpting constants, assignments (where possible).
Coupling constant (J) are quoted in Hertz (Hz) e nearest 0.1 Hz. Infrared (IR) spectra were
recorded with a FT-IR instrument, using a diffuseflectance sampling cell. Only significant
absorption maximav.,) are reported in wavenumbers (EmGC-MS analysis were obtained with a
gas chromatograph (HP-5MS capillary column 29.QDn0.25, film 0.25um) equipped with a mass
selective detector at an ionizing voltage of 70 e®ptical rotations were measured in a 50 mm cell
using the D-line of sodium at the specified tempem [i]p values are given in Ibdeg cmi g™
concentrations (c) are quoted in g 100mLHPLC analyses were performed on an HPLC system
equipped with a UV/vis detector with chiral columensd solvents specified. All chromatograms were
run at 25 °C. Combustion analyses were carriedoaw elemental analyzer. Hyperbaric experiments
were conducted on a Unipress LV30/16 apparatus syhthesis ofl from the commercially available
alcohol has been previously reporféd’he Grignard reagents for the preparation of kes@wand 12
were synthesized in large preparation by standastthoa from the corresponding halide and analyzed
by the method of Knoch®l prior to use. Freshly opened bottle of cuprousdedvas found to be
satisfactory. The well-known dien®){® was prepared by Wittig reaction from the comméicia

available enon& The remaining enonis is commercially available.
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4.2. Synthesis of tetrahydrofuran-containing biaryl 8 from O-protected-5-bromo-2-methoxy
benzyl alcohol 1

4.2.1. Preparation of y-phenylseleno ketone 2

4-Phenylselenobutanoic acid (1.46 g, 6.00 mmol) veasted with oxalyl chloride (2.54 mL, 30.00
mmol) at r.t. for 15 h. The solution was evaporaiader reduced pressure. The residue was dissolved
in dry dichloromethane (5 mL), the solvent was reetband the crude acyl chloride obtained was
immediately used for the next reactibim a 100 mL three-necked round-bottom flask , gpsuasion of
cuprous iodide (1.59 g, 8.40 mmol) in dry THF (2Q)nwas cooled down to -30 °C. A 1M 2-
thienyllithium solution in THF (7.2 mL) was addey &yringe and the resulting suspension was stirred
for 30 min at the same temperature. After coolimg mixture to -40 °C, a solution of the Grignard
reagent froml (7.2 mmol) was added with a syringe. The resulsngpension was stirred for 20 min
and then a solution of 4-phenylselenobutancldoride (6.00 mmol) in dry THF (6 mL) was slowly
added. The reaction mixture was allowed to slowérm to r.t. After 4 h the reaction was quenched
with 10 mL of saturated aqueous ammonium chloraat®n and 50 mL of ethyl acetate. Stirring for
2 h dissolved the copper salts. The organic phas® then separated and the aqueous portion was
washed with two 20 mL portions of ethyl acetatee Tombined organic fractions were washed once
with 10 mL of 0.1M aqueous sodium thiosulfate amhdx The organic phase was dried and
concentratedin vacuo Purification of the crude product by chromatodmap(SiO, dietyl
ether/petroleum ether 5:95) afforded 2.05 g (73étdyiof 1-[3-(tert-Butyl-dimethyl-silanyloxymethyl)-
4-methoxy-phenyl]-4-phenylselanyl-butan-1-oi@ Light yellow oil; FTIR: vma/cmi® 2931, 1676,
1603, 1257, 1087, 839, 777, 7384 NMR (200 MHz, CDCJ) &/ppm 8.12 (d, 1H,) = 2.3 Hz,H-Ar),

7.90 (dd, 1H,J = 8.6, 2.3 HzH-Ar), 7.57-7.46 (m, 2HH-Ar), 7.30-7.20 (m, 3HH-Ar), 6.87 (d, 1H,J

= 8.6 Hz,H-Ar),4.75 (s, 2H, OEl,), 3.89 (s, 3H, Of5), 3.11 (t, 2H,J = 7.1 Hz, &), 3.02 (t, 2H,J =

12



7.1 Hz, G4y), 2.14 (quint, 2HJ = 7.1 Hz, G&4,), 0.99 (s, 9H, B3), 0.13 (s, 6HSI-CHs). *C NMR
(50 MHz, CDC}) é/ppm 198.2, 159.7, 132.5 (2C), 130.0, 129.8, 129@), 128.5, 127.0, 126.7,
109.1, 59.8, 55.3, 37.7, 27.4, 25.9 (3C), 24.541%.3, -5.4. EIMS (70 eV) m/z [M - 57421 (52),
321 (100), 263 (49), 249 (48), 207 (31), 120 (1ID5 (12), 77 (22). Anal. Calc. forH34N,O3SeSi:

C, 60.36; H, 7.18. Found: C, 60.62; H, 7.40.

4.2.2. Asymmetric reduction of ketone 2

To a solution of §-Me-CBS (1.0 M in toluene, 0.25 mL, 0.25 mmol)dry THF (10 mL) at 0 °C 2.0
M borane-dimethyl sulfide complex (0.50 ml, 1.00 oijmwas added under inert atmosphere. A
solution of ketone (0.48 g, 1.00 mmol) in dry THF (10 mL) was addénivy along the side of the
reaction flask by using a syringe pump over 2 hemndgorous stirring and allowing the solution to
warm to r.t. The mixture was stirred at r.t. utiié ketone disappeared on TLC monitoring (4 h). The
mixture was quenched with methanol and saturated@rum chloride solution (5 mL). The mixture
was extracted with ethyl acetate (2 x 20 mL). Tombined extracts were washed with brine (5 mL),
dried (MgSQ), and concentrateid vacuo.The crude product was purified on a silica geunot with

a mixture of petroleum ether and diethyl ether 30): as eluent to givg1R)-1-[3-({[tert-
Butyl(dimethyl)silylloxy}methyl)-4-methoxyphenyHhenylseleno)butan-1-@ (0.36 g, 75% yield)
as colorless oil. FTIRvma/cm™ 3403, 2928, 1499, 1251, 1084, 838, 7M.NMR (200 MHz, CDC}))
d/ppm 7.55-7.38 (m, 3H4-Ar), 7.32-7.10 (m, 4HH-Ar), 7.15 (d, 1HJ = 8.3 Hz,H-Ar), 4.75 (s, 2H,
OCHy,), 4.70-4.56 (m, 1H, OB), 3.80 (s, 3H, O83), 2.89 (t, 2H,J = 7.2Hz, Gi,), 2.02-1.53 (m, 5H,
OH and G4,), 0.98 (s, 9H, B3), 0.11 (s, 6HSI-CHs). **C NMR (50 MHz, CDC}) &/ppm 155.5,
136.2, 132.4 (2C), 130.3, 129.8, 128.9 (2C), 126%5.0, 124.5, 109.4, 73.9, 60.1, 55.1, 38.6,,27.7
26.4, 25.9 (3C), 18.4, -5.3, -5.4. EIMS (70 @M} [M - 57 423 (80), 405 (51), 233 (77), 173 (70),
91 (100), 75 (66).d]*° D -3,14 (c 1.075, CHG); Anal. Calc. for GsHz0sSeSi: C, 60.11; H, 7.57.

Found: C, 60.35; H, 7.83.
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4.2.3. Oxidative-cyclisation of phenylseleno alcohol 3

To a solution of phenylseleno alcoh®l(1.45 g, 3.02 mmol) in THF (60 mL) at r.t. powdgre
dipotassium hydrogen phosphate (2.63 g, 15.10 mama)n-chloroperoxybenzoic acid (2.08 g, 12.08
mmol) were adde@?® The reaction mixture was stirred until TLC anasyshowed that the starting
selenide was completely converted into the cornedipg selenone (2 h). Then powdered potassium
hydroxide was added (1.27 g, 22.65 mmol). The comsion of the selenone was monitored by TLC
(14 h). The mixture was then poured into 10% agsesmdium carbonate (30 mL) and extracted with
ethyl acetate (3 x 30 mL). The organic layer washvea with 10% aqueous sodium carbonate (20 mL),
brine, dried over sodium sulphate, and concentretecicuo The reaction product was purified by
column chromatography on silica gel using a mixtofethyl acetate and petroleum ether (30:70) as
eluent. tert-Butyl({2-methoxy-5-[(2R)-tetrahydrofuran-2-ggnzyl}oxy)dimethylsilane (4) was
obtained as colorless oil (0.68 g, 70 % yield). BTma/cm™ 2954, 1613, 1500, 1462, 1250, 1082,
840, 777.*H NMR (200 MHz, CDC}) &/ppm  7.45 (d, 1HJ = 2.3 Hz,H-Ar), 7.22 (dd, 1H,J = 8.4,

2.3 Hz,H-Ar), 6.80 (d, 1H,J = 8.4 Hz,H-Ar), 4.88 (t, 1H,J = 7.1 Hz O-CH), 4.77 (s, 2H, 08,),
4.19-3.85 (m, 2H, OB,), 3.80 (s, 3H, 083), 2.40-2.20 (m, 1H, B,), 2.12-1.70 (m, 3H, B,), 0.96

(s, 9H, G3), 0.12 (s, 6HSI-CHs). *°C NMR (50 MHz, CDCY) 8/ppm 155.2, 135.1, 129.6, 124.8,
124.5, 109.3, 80.7, 68.5, 60.2, 55.2, 34.5, 26610 23C), 18.5, -5.2, -5.4. EIMS (70 eV) m/z M
57]" 265 (100), 235 (55), 173 (449, 105 (40), 91 8Z@D(59). i]** D 12.89 (c 1.530, CHE); Anal.
Calc. for GgH3003Si: C, 67.03; H, 9.38. Found: C, 66.89; H, 9.62erRimenex® Lux Cellulose-2, 1
mL/min hexane/i-PrOH/EtOH 94/5/1, (obs: 254 nmjendgion times: 4.9 min (S-enantiomer), 5.1 min
(R-enantiomer, major), er = 90.6:9.4.

4.2.4. Preparation of alcohol 5

TBAF (0.32 g, 1.00 mmoNlvas added to a stirred solution of protected altdh¢0.32 g, 1.00 mmol)

in THF (10 mL) at r.t. The reaction mixture wasrei for 16 hpoured into saturated aqueous sodium
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hydrogen carbonate solution (20 mL) and extractegd athyl acetate (3 x 20 mL). The organic layer
was dried over sodium sulfate, filtered, and evapat. The residue was purified by column
chromatography on silica gel using a mixture ofyetitetate and petroleum ether (30:70) as eluent to
obtain {2-methoxy-5-[(2R)-tetrahydrofuran-2-yl]phenyl}matiol (5) as colorless oil (0.19 g, 93 %
yield). FTIR: Vmay/cmit 3335, 2930, 1613, 1506, 1249, 1043, 818.NMR (200 MHz, CDCJ) &/ppm
7.45-7.20(m, 2HH-Ar), 6.86 (d, 1H,J = 8.8 Hz,H-Ar), 4.83 (t, 1H,J = 7.3 Hz O-CH), 4.69 (s, 2H,
OCHy), 4.18-4.03 (m, 1H, OB,), 4.01-3.88 (m, 1H, 0B,), 3.87 (s, 3H, 083), 2.65 (br s, 1H, 8),
2.40-2.18 (m, 1H, B,), 2.10-1.91 (m, 2H, B,), 1.90-1.80 (m, 1H, B,). 3C NMR (50 MHz, CDC})
o/ppm 156.5, 135.2, 129.0, 126.1, 126.0, 109.%4,888.4, 61.8, 55.3, 34.4, 26.0. EIMS (70 eV) m/z
[M - 1]" 207 (61), 177 (100), 165 (50), 135 (33), 99 (Z2),(26). ]** D 29.01 (c 1.050, CHG);
Anal. Calc. for GoH1603: C, 69.21; H, 7.74. Found: C, 69.03; H, 7.99.

4.2.5. Synthesis of enone 6

Alcohol 5 (0.42 g, 2.00 mmol) was dissolved in acetonit(lé mL) and periodic acid (0.54 g, 2.26
mmol) and pyridinium chlorochromate (8 mg, 0.04 nijnveere added at 0 °C. The reaction mixture
was stirred for 2 h and then diluted with ethyltate (100 mL) and washed once with 10 mL of 0.1M
agueous sodium sulphite and then brine, dried sedium sulphate, and concentraiedacuogiving

the crude aldehyde which was employed in the next. §o a stirred solution of the crude aldehyde in
absolute ethanol (12 mL) at 40 °C, acetone (1.3 20LO0 mmol) and NaOH (10% w/v aq., 0.5 mL)
were added. The resulting mixture was stirred fohlethanol was evaporated under reduced pressure
and HCI (2N, 10 mL) was added. The resulting mtwas extracted with ethyl acetate (2 x 20 mL)
and the combined organic layers were washed wittepdried over sodium sulphate, and concentrated
in vacuo (3E)-4-{2-Methoxy-5-[(2R)-tetrahydrofuran-2-yl]phgfbut-3-en-2-one (6) (0.15 g) was
isolated after column chromatography on S(€thyl acetate/petroleum ether 30:70) in a 62%dlo

yield from 5. Colorless oil; FTIRVma/cm™ 2958, 1670, 1496, 1250, 1063, 828; NMR (200 MHz,
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CDCl;) &/ppm 7.88 (d, 1H) = 16.5 Hz, &), 7.53 (d, 1HJ = 2.1 Hz,H-Ar), 7.34 (dd, 1HJ = 8.6,
2.1 Hz,H-Ar), 6.90 (d, 1H,J = 8.6 Hz,H-Ar), 6.89 (d, 1HJ = 16.5 Hz, ®&l), 4.84 (t, 1HJ= 7.1 Hz
O-CH), 4.20-4.01 (m, 1H, OB,), 3.99-3.80 (m, 1H, OB,), 3.90 (s, 3H, O83), 2.40 (s, 3H, E),
2.39-2.20 (m, 1H, 8,), 2.15-1.91 (m, 2H, B), 1.89-1.69 (M, 1H, B,). 3C NMR (50 MHz, CDC}))
d/ppm 199.0, 157.5, 138.7, 135.6, 129.2, 127.8,712823.1, 11.0, 80.0, 68.5, 55.6, 34.5, 27.1, .26.0
EIMS (70 eV) m/z [M] 246 (14), 215 (100), 203 (23), 173 (24), 145 (135 (11). §]** D 6.33 (c
1.370, CHC)); Anal. Calc. for GsH1¢03: C, 73.15; H, 7.37. Found: C, 73.33; H, 7.63.

4.2.6. Synthesis of diene 7

To a suspension of methyltriphenylphosphonium bdenflL.78 g, 5.00 mmol) in dry THF (25 mL) at -
16 °C (NaCl-ice bath) was added dropwise n-buhyliin (1.6 M in hexane, 3.2 mL, 5.00 mmol). The
reaction mixture was stirred for 30 min and therea®(0.62 g, 2.50 mmol) was added as a solution in
THF (4 mL) at 0 °C. After 1 h the solution was wadhto r.t. and stirred for additional 2 h. A sateda
solution of NHCI (10 mL) was added and the mixture was extrauotitd ethyl acetate (2 x 30 mL).
The combined organic phases were washed with bdned over MgSo4, and the solvent was
removed under reduced pressure. The residue w#ge@uwn a silica gel column with a mixture of
petroleum ether and ethyl ether (70:30) as elwegive the correspondin@R)-2-{4-Methoxy-3-[(1E)-
3-methylbuta-1,3-dien-1-yl]phenyl}tetrahydrofuraf@); (0.52 g, 85% yield). Colorless oil; FTIR:
Vma/cm* 2970, 1604, 1495, 1246, 1065, 885, 8HNMR (200 MHz, CDCY) &/ppm 7.50 (d, 1H) =
2.1 Hz,H-Ar), 7.19 (dd, 1H,J = 8.5, 2.1 HzH-Ar), 6.93-6-80 (m, 3HH-Ar and CH), 6.84 (d, 1H,]) =
8.5 Hz,H-Ar), 5.22 (s, 1HCH,), 5.06 (s, 1HCH), 4.84 (t, 1H,J= 7.2 Hz O-CH), 4.20-4.05 (m, 1H,
OCH,), 4.00-3.79 (m, 1H, OB,), 3.85 (s, 3H, Of3), 2.38-2.20 (m, 1H, B,), 2.14-1.90 (m, 2H,
CHy), 2.01 8s, 3H, 63), 1.89-1.70 (m, 1H, B,). *C NMR (50 MHz, CDC}) &/ppm 156.0, 142.7,

135.3, 132.2, 126.2, 125.8, 123.8, 123.3, 116.8,8,80.5, 66.5, 55.6, 34.5, 26.1, 18.7. EIMS (VD e
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m/z [M]" 244 (44), 185 (36), 173 (100), 158 (60), 128 (215 (20), 71 (51).d]*® D 5.54 (c 1.020,
CHClg); Anal. Calc. for GgH200,: C, 78.65; H, 8.25. Found: C, 78.47; H, 8.51.

4.2.7. Transformation of 1-arylbuta-1,3-diene 7 into biaryl 8

A solution of arylbutadien& (0.12 g, 0.5 mmol) in 3 ml of Ci€l, was placed in a 5 mL Teflon vial.
Methyl propiolate (0.42 mL, 1.5 mmol) and a fewstnls of hydroquinone were added, and the vial
was filled with the solvent. The vial was closeddakept at 9 Kbar at 45°C for 60 h. After
depressurizing, the mixture was poured into satdr&taHCQ solution (10 mL) and extracted with
CHyCI;, (2 x 10 mL). The combined extracts were washeti witne, dried (Ng5Oy), and evaporated
under vacuum and the residue filtered through @ miisilica and eluted with a mixture of ethyl
acetate/petroleum ether 30:70. After evaporatioa,drude cycloadduct intermediate was dissolved in
dichloromethane (10 mL) and a 0.1 M bromine sotutiochloroform (5 mL) was slowly added at - 70
°C. The addition was stopped when a further drapega persistent red colour. The mixture was
poured into saturated aqueous NaCl and extractez twith 10 mL of chloroform. The combined
organic layers were dried over M%), and concentrated undercuum.The crude residue was
dissolved in THF (10 mL) and potassiuent-butoxide (0.45 g, 4.00 mmol) was added at r.t. Wvtne
elimination/aromatization reaction ceased (3 hg,thixture was poured into saturated aqueousMH
and extracted twice with 10 mL of ethyl acetatee Thmbined organic layers were washed with brine,
dried over NgSQy4, and concentrated undeacuum Purification of the residue by silica gel column
chromatography with a mixture of petroleum ethed diethyl ether 80:20 as eluent gave 75 mg of
Methyl 2'-methoxy-5-methyl-5'-[(2R)-tetrahydrofurasyl]biphenyl-2-carboxylatg8) in 46% global
yield. Colorless oil; FTIRvVma/cm* 2951, 1729, 1608, 1501, 1290, 1097, 783;:NMR (200 MHz,
CDCl;) &/ppm 7.80 (d, 1H,]) = 7.8 Hz,H-Ar), 7.47-7.11 (m, 4HH-Ar), 6.86 (d, 1H,J = 8.4 Hz,H-
Ar), 4.89 (t, 1H,J= 7.3 Hz O-CH), 4.21-4.08 (m, 1H, O8,), 4.00-3.86 (m, 1H, 08,), 3.72 (s, 3H,

OCHj3), 3.64 (s, 3H, O83), 2.43 (s, 3H, €3), 2.41-2.22 (m, 1H, B,), 2.11-1.87 (m, 3H, B,). 1°C
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NMR (50 MHz, CDC}) &/ppm 168.5, 155.3, 141.9, 138.8, 135.2, 132.1,6,329.5, 128.7, 127.8,
127.4, 126.0, 109.8, 80.4, 68.4, 56.3, 51.5, 364), 21.4. EIMS (70 eV) m/z [MB26 (100), 295 (4),
265 (55), 253 (77), 225 (49), 165 (43), 152 (36)*]D 23.48 (c 0.800, CHE); Anal. Calc. for
Ca0H2204: C, 73.60; H, 6.79. Found: C, 73.78; H, 7.05. Rmeenex® Lux Cellulose-2, 1 mL/min
hexangtPrOH 96/4, (obs: 254 nm): retention times: 17.48 (R-enantiomer, majour), 27.6 min (S-

enantiomer, minor), er = 90.6:9.4.

4.3. Synthesis of tetrahydrofuran-containing biaryl scaffold 14 from (E)-3 methyl-1-(4-
bromophenyl)buta-1,3-diene 9

4.3.1. Synthesis of biaryl 10

A solution of arylbutadien® (0.11 g, 0.5 mmol) in 3 ml of Ci€l, was placed in a 5 mL Teflon vial.
Methyl propiolate (0.42 mL, 1.5 mmol) and a fewstats of hydroquinone were added and the vial
was filled with the solvent. The vial was closeddakept at 9 Kbar and 45°C for 60 h. After
depressurizing, the mixture was poured into satdr&ataHCQ solution (10 mL) and extracted with
CH.CI, (2 x 10 mL). The combined extracts were washet Witne, dried (Nz5Qy), and evaporated
under vacuum and the residue was filtered througlu@ of silica and eluted with a mixture of ethyl
acetate/petroleum ether 30:70. After evaporatioa,drude cycloadduct intermediate was dissolved in
dichloromethane (10 mL) and a 0.1 M bromine sotufio chloroform (5 mL) was slowly added at -
70 °C*® The addition was stopped when a further drop gapersistent red colour. The mixture was
poured into saturated aqueous NaCl and extractex twith 10 mL of chloroform. The combined
organic layers were dried over }M#, and concentrated undeacuum.The crude residue was
dissolved in THF (10 mL) and potassident-butoxide (0.45 g, 4.00 mmol) was added at r.t. kit
elimination/aromatization reaction ceased (3 hg, rthixture was poured into saturated aqueousIH

and extracted twice with 10 mL of ethyl acetatee Thmbined organic layers were washed with brine,
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dried over NgSQ,, and concentrated undeacuum Purification of the residue by silica gel column
chromatography with a mixture of petroleum ethed diethyl ether 90:10 as eluent gave 79 mg of
Methyl 4'-bromo-5-methylbiphenyl-2-carboxyldt) as pale yellow oil in 52% global yield. FTIR:
Vma/CM 2926, 1734, 1653, 1559, 1457, 1009, 828NMR (200 MHz, CDC}) &/ppm 7.81 (d, 1H)

= 7.9 Hz,H-Ar), 7.52 (d, 2HJ = 8.4 Hz,H-Ar), 7.28-7.18 (m, 4HH-Ar), 3.65 (s, 3H, O@l3), 2.43 (s,
3H, CHs). C NMR (50 MHz, CDCY) 8/ppm 168.4, 142.0, 141.6, 140.5, 131.4, 130.9 (2@).3,
129.9 (2C), 128.2, 127.3, 121.3, 51.8, 21.4. EIMS &V) m/z [M] 304 (52), 273 (40), 194 (100), 165

(80); Anal. Calc. for gH13BrO: C, 59.04; H, 4.29. Found: C, 58.89; H, 4.53.

4.3.2. Preparation of protected biaryl alcohol 11

To a solution ofl0 (0.46 g, 1.50 mmol) in 1:1 mixture of methanol amater (8 mL), solid potassium
hydroxide (84 mg, 1.5 mmol) was added and the tiegumixture was kept at 60°C until complete
consumption of the starting material (10 h) andntldlowed to cool to r.t. After addition of 10%
hydrochloric acid (5 mL) the acidic mixture was rexted with CHCI, (3 x 10 mL). The combined
extracts were washed with brine (10 mL), dried (I@g)$ filtered, and concentrated vacuoto give

the crude acid, which was dissolved in THF (2 milhe flask was immersed in an ice bath and cooled
to 0°C.Then 1.95 mL (1.95 mmol) of borane-THF solution wasvly added over a period of 15 min
and the solution was vigorously stirred for an &ddal period of 2 i/ Excess hydride was carefully
destroyed with 5 mL of a 1:1 mixture of THF and eraand the aqueous phase was saturated with
potassium carbonate. The mixture was extractexkettimes with 10 mL portions of ethyl acetate. The
combined organic extracts were dried over magnesuilfate. Removal of the solvent gave the crude
alcohol. The alcohotert-butyldimethylsilyl chloride (0.25 g, 1.65 mmolnéimidazole (13.82 g, 3.30
mmol) were stirred in DMF (8 mL) for 18 h. The sdun was poured into water (10 mL) and extracted

with ethyl acetate (2 x 10 mL). The organic phass washed with HCI (1N, 5 mL), water, then brine,
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and dried over MgS£Xo give, after evaporation of solvent, the crudedpct. Purification on a silica
gel column with a mixture of petroleum ether ankykether (80:20) as eluent gaj(d'-Bromo-5-
methylbiphenyl-2-yl)methoxy](tert-butyl)dimethydsié (11) in 68% yield (0.399 g) as a colorless oil.
FTIR: Vma/cmi* 2955, 1472, 1252, 1074, 836, 778; NMR (200 MHz, CDCJ) &/ppm 7.58-7.38 (m,
3H, H-Ar), 7.31-7.11 (m, 3HH-ATr), 7.04 (s, 1HH-Ar), 4.54 (s, 2H, O6,), 2.38 (s, 3H, E3), 0.88

(s, 9H, @H3), 0.02 (s, 6HSI-CH3).. *C NMR (50 MHz, CDCY) &/ppm 140.6, 139.5, 136.5, 135.3,
130.9 (2C), 130.4, 128.5 (2C), 128.0, 127.0, 62620, 25.9 (2C), 21.1, 18.3, -5.2, -5.3. EIMS (X0 e
m/z [M-57]" 333 (100), 259 (31), 180 (99), 165 (53), 75 (28)aA Calc. for GoH,/BroSi: C, 61.37;

H, 6.95. Found: C, 61.59; H, 7.10

4.3.3. Preparation of y-phenylseleno ketone 12

4-Phenylselenobutanoic acid (0.49 g, 2.00 mmol) reasted with oxalyl chloride (0.85 mL, 10.00
mmol) at r.t. for 15 h. The solution was evaporaiader reduced pressure. The residue was dissolved
in dry dichloromethane (5 mL), the solvent was reeth and the crude phenylselenobutambioride
obtained was immediately used for the next reactiora 100 mL three-necked round-bottom flask, a
suspension of cuprous iodide (0.53 g, 2.80 mmogrinTHF (10 mL) was cooled down to -30 °C. A
1M 2-thienyllithium solution in THF (2.4 mL) was déd by syringe and the resulting suspension was
stirred for 30 min at the same temperature. Afteoliog the mixture to -40°C, a solution of the
Grignard reagent frorh2 (2.4 mmol) was added with a syringe. The resulfingpension was stirred
for 20 min and then a solution of 4-phenylselenabaic chloride in dry THF (4 mL) was slowly
added. The reaction mixture was allowed to slowérm to r.t. After 4 h the reaction was quenched
with 5 mL of saturated aqueous ammonium chloridet&m and 20 mL of ethyl acetate. Stirring for 2

h dissolved the copper salts. The organic phasdivweasseparated and the aqueous portion was washed
with two 10 mL portion of ethyl acetate. The conedrorganic fractions were washed once with 5 mL

of 0.1M aqueous sodium thiosulfate and brine. Tigamwic phase was dried and concentratedhcuo
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Purification of the crude product by chromatografl®O,, diethyl ether/petroleum ether 20:80)
afforded 0.64 g (60% yield) ofi-[2'-({[tert-Butyl(dimethyl)silylloxy}methyl)-5'-rthylbiphenyl-4-yl]-
4-(phenylseleno)butan-1-or@2) as pale yellow oil. FTIRvna/cm* 2927, 1683, 1604, 1477, 1222,
1073, 839, 738*H NMR (200 MHz, CDCY) &/ppm 7.97 (d, 2HJ = 8.6 Hz,H-Ar), 7.59-7.42 (m, 5H,
H-Ar), 7.34-7.18 (m, 4HH-Ar), 7.06 (s, 1HH-Ar), 4.56 (s, 2H, O6l,), 3.19 (t, 2HJ = 7.1 Hz, G1,),
3.07 (t, 2HJ= 7.1 Hz, ®¢d,), 2.40 (s, 3H, B3), 2.20 (quint, 2HJ = 7.1 Hz, G,), 0.89 (s, 9H, E53),
0.10 (s, 6H,Si-CHs). Y*C NMR (50 MHz, CDCY) &/ppm 199.1, 146.0, 139.5, 136.9, 135.4, 135.3,
132.6 (2C), 130.1, 129.4 (3C), 129.1 (2C), 12828.4, 127.8 (2C), 126.8, 62.8, 38.1, 27.4, 25.98 25
(2C), 24.5, 21.0, 18.3, -5.3 (2C). EIMS (70 eV) rf¥=157]" 380 (6), 249 (64), 231 (19), 216 (15),
178 (20), 75 (43). Anal. Calc. forsgH330,SeSi: C, 67.02; H, 7.12. Found: C, 67.18; H, 7.27

4.3.4. Asymmetric reduction of ketone 12

To a solution of §-Me-CBS (1.0 M in toluene, 0.25 mL, 0.25mmol) irydHF (10 mL) at 0°C a 2.0

M borane-dimethyl sulfide complex (0.50 ml, 1.00 aijmwas added under inert atmosphere.. A
solution of ketone (0.54 g, 1.00 mmol) in dry THF (10 mL) was addéulvy along the side of the
reaction flask by using a syringe pump over 2 thwigorous stirring and the solution was allowed to
warm to r.t. The mixture was stirred at r.t. utiié ketone disappeared on TLC monitoring (6 h). The
mixture was quenched with methanol and saturatead@mum chloride solution (5 mL). The mixture
was extracted with ethyl acetate (2 x 20 mL). Thmbined extracts were washed with brine (5 mL),
dried (MgSQ), and concentrateid vacuo.The crude product was purified on a silica geloot with

a mixture of petroleum ether and ethyl acetate3Q)0as eluent to give the correspond{&)-1-[2'-
({[tert-Butyl(dimethyl)silylloxy}methyl)-5'-methyiiphenyl-4-yl]-4-(phenylseleno)butan-1-o0l(13) in
79% vyield (0.42 g) as pale yellow oil. FTIRqna/cm™ 3028, 2920, 1611,1457, 1338, 1011, 850, 737;
'H NMR (200 MHz, CDCJ) 8/ppm 7.57-7.42 (m, 3H4-Ar), 7.35 (s, 4HH-Ar), 7.30-7.13 (m, 4HH-

Ar), 7.08 (s, 1HH-Ar), 4.82-4.68 (m, 1H, OB), 4.58 (s, 2H, OH,), 3.03-2.88 (m, 2H, B,), 2.40 (s,
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3H, CHs), 2.09-1.71 (m, 5H, B,), 0.92 (s, 9H, €3), 0.30 (s, 6H,Si-CHs). °C NMR (50 MHz,
CDCls) &/ppm 143.0, 140.4, 140.2, 136.6, 135.3, 132.6 (28D.4, 129.7, 129.3 (2C), 128.9, 128.2
(2C), 126.7, 125.5 (2C), 73.8, 62.9, 38.9, 27.74285.9, 25.8 (2C), 21.0, 18.3, -5.3 (2C). EIMS (7
eV) m/z [M- 214] 325 (14), 233 (100), 218 (30), 205 (19), 178 (1Bp (22), 75 (16).d]** D 6.66 (c
2.750, CHCJ); Anal. Calc. for GoH400.SeSi: C, 66.77; H, 7.47. Found: C, 66.89; H, 7.73.
Phenomenex® Lux Cellulose-2, 1 mL/min hexane/i-Pr@H3, (obs: 254 nm): retention times: 7.1
min (S-enantiomer, minor), 8.0 min (R-enantiomeajon), er= 87.7:12.3.

4.3.5. Synthesisof biaryl 14 by oxidative-cyclization of phenylseleno alcohol 13
To a solution of phenylseleno alcoht8 (0.32 g, 0.59 mmol) in THF (20 mL) at r.t. powdg#re

dipotassium hydrogenphosphate (0.51 g, 2.95 mnmal) ma-chloroperoxybenzoic acid (0.41 g, 2.36
mmol) were added. The reaction mixture was stimetl TLC analysis showed that the starting
selenide had been completely converted into theesponding selenone (2 h). Then powdered
potassium hydroxide was added (0.25 g, 4.42 mriibk. consumption of the selenone was monitored
by TLC (16 h). The mixture was then poured into 1@%ueous sodium carbonate (10 mL) and
extracted with ethyl acetate (3 x 20 mL). The orgdayer was washed with 10% aqueous sodium
carbonate (10 mL), then brine, dried over sodiutplsate, and concentratéd vacuo The reaction
product was purified by column chromatography ditaigel using a mixture of diethyl ether and
petroleum ether (20:80) as -eluentert-Butyl(dimethyl)({5-methyl-4'-[(2R)-tetrahydrigfin-2-
yllbiphenyl-2-yl}methoxy)silang14) was isolated in 73% vyield (0.17 g) as colourleds FTIR:
vmax/cm-1 2856, 1610, 1462, 1254, 1069, 834, 7¥F5NMR (400 MHz, CDCY) &/ppm 7.51 (d, 1H,

J = 8.0 Hz, H-Ar), 7.42 (d, 2H, J = 8.4 Hz, H-AN37 (d, 2H, J = 8.4 Hz, H-Ar), 7.23 (d, 1H, J © 8.
Hz, H-Ar), 7.10 (s, 1H, H-Ar), 4.98 (t, 1H, J =2z, O-CH), 4.62 (s, 2H, OGH 4.23-4.14 (m, 1H,
OCHb), 4.05-3.97 (m, 1H, OCH, 2.50-2.34 (m, 1H, Ch), 2.41 (s, 3H, Ch), 2.19-2.01 (m, 2H, CH,

1.97-1.84 (m, 1H, C}J, 0.97 (s, 9H, CH), 0.08 (s, 6H, Si-Ckj. 13C NMR (100 MHz, CDG) &/ppm
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142.0, 140.3, 139.8, 136.5, 135.4, 130.4, 129@),(228.0, 127.9, 125.4 (2C), 80.6, 86.7, 62.9534.
26.1, (3C), 25.9, 21.0, -5.3 (2C); EIMS (70 ewfz [M - 57]+ 325 (24), 233 (100), 205 (36), 179
(25), 165 (39), 75 (30)a]20 D 8.69 (c 1.150, CHg); Anal. Calc. for G4H3¢0,Si: C, 75.34; H, 8.96.

Found: C, 75.19; H, 9.19. Phenomenex® Lux Celluldsgé mL/min hexane/i-PrOH 99:1, obs: (254

nm): retention times: 3.9 min (S-enantiomer), 4i@ (R-enantiomer), er= 10.95-89.05.

4.4. Synthesis of tetrahydrofuran-containing biaryl 20 from (E)-4-(2-chlor ophenyl)but-3-en-2-one

15

4.4.1. Preparation of biaryl 16

A solution of enonel5 (0.27 g, 1.5 mmol), isopropenyl acet&e81 mL, 7.5 mmol), and methyl
propiolate (0.42 mL, 4.5 mmol) in GBI, was placed in a 5 mL Teflon vial. TSOH (12 mg, d19)
was added and the vial was filled with the solv@hie vial was closed and kept at 9 Kbar and 45tC fo
60 h. After depressurizing, the mixture was pouirgd saturated NaHC{Osolution (10 mL) and
extracted twice with 20 mL of CGi€l,. The combined extracts were washed with brineddfiNaSOy),

and evaporated undeacuum The crude residue was dissolved in toluene (20 amid DDQ (0.34 g,
1.5 mmol) was added. The mixture was stirred aCa@t 24 h and then poured into saturated aqueous
NaCOs and extracted twice with ethyl acetate. The comtbiaxtracts were washed with brine, dried
over NaSQ,, and concentrated undeacuum.The crude mixture was purified by silica gel column
chromatography with a mixture of petroleum ethed drethyl ether 60:40 as eluent to give 0.31 g of
Methyl 5-(acetyloxy)-2'-chlorobiphenyl-2-carboxy416) in 67% global yield. Oil; FTIRvmax/cm®
2951, 1768, 1730, 1436, 1290, 1202, 1027, 758:NMR (200 MHz, CDCJ) &ppm 8.05 (d, 1HJ =

8.6 Hz,H-Ar), 7.46-7.36 (m, 1HH-Ar), 7.34-7.18 (m, 4HH-Ar), 7.03 (d, 1H,J = 2.4 Hz,H-Ar), 3.68

(s, 3H, O®3), 2.31 (s, 3H, E3); *C NMR (50 MHz, CDC}) d/ppm 168.7, 166.4, 153.0, 142.2,

139.6, 132.5, 131.7, 130.0, 128.9, 128.8, 127.8,512024.2, 121.0, 52.0, 21.1; EIMS (70 eV) m/z [M
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— 35.5] 269 (94), 227 (100), 211 (59), 168 (26), 139 (FHal. Calcd for GeH13ClO4: C, 63.06; H,
4.30. Found: C, 62.92; H, 4.57.

4.4.2. Synthesisof acid 17

To a solution of sodium methoxide prepared dissg@d.46 g (20.0 mmol) of sodium in 100 mL of dry
methanol at r.t., esté6 ( 3.01 g, 10.0 mmol) was added and the resultingume was kept at r.t. until
complete consumption of the starting material (ZTime mixture was concentrated and after additfon o
10% hydrochloric acid (10 mL) the acidic mixture smaxtracted three times with 30 mL of 3.
The combined extracts were washed with brine, dfidSQ;), filtered, and concentratad vacuo
The crude residue was dissolved in 80 mL of dry DMFO°C and NaH (0.31 g, 13.0 mmol) was
added under inert atmosphere. After 1 h methyldedi0.81 mL, 13.0 mmol) was added to the
resulting mixture, which was then allowed to walnrt. (8 h). After addition of 10% hydrochloric
acid (10 mL) the acidic mixture was extracted wdtathyl ether (4 x 30 mL). The combined extracts
were washed with brine, dried (Mg@Qfiltered, and concentratéa vacuo The residue was dissolved
in a 3:1 mixture of methanol and water (40 ml) gaodassium hydroxide (1.12 g, 20.0 mmol) was
added. The mixture was heated to 60°C for 16 htaed allowed to cool to r.t. After addition of 10%
hydrochloric acid (20 mL) the acidic mixture wadregted with CHCI, (3 x 30 mL). The combined
extracts were washed with brine (10 mL), dried (I@g)$filtered, and concentrated vacuoto give a
solid, which was triturated with diethyl ether (2xéhl). The solid was filtered to affoi2i-Chloro-5-
methoxybiphenyl-2-carboxylic acid7) as white solid (2.10 g, 72% vyield). mp-4® °C; FTIR:
vmax/cm' 3085, 2923, 1685, 1594, 1457, 1303, 1033, 7656NMR (200 MHz, CDC}) 8/ppm 10.05
(br s, 1H,H-Ar), 8.09 (d, 1H,J = 8.8 Hz,H-Ar), 7.47-7.10 (m, 4HH-Ar), 6.95 (dd, 1H,) = 2.4 Hz,H-
Ar), 6.73 (d, 1HJ = 2.6 Hz,H-Ar), 3.84 (s, 3H, O€l3); **C NMR (50 MHz, CDCY) &/ppm 171.5,
162.8, 143.6, 140.5, 133.4, 132.6, 129.8, 128.8,51226.3, 121.1, 116.8, 113.1, 55.5; Anal. Cébed

C14H11ClO4: C, 64.01; H, 4.22. Found: C, 63.88; H, 4.50.
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4.4.3. Preparation of ketone 18

Biaryl acid17 (1.74 g, 6.0 mmol) was reacted with oxalyl chleri@.54 mL, 30.0 mmol) at r.t. for 15
h. The solution was evaporated under reduced peessLhe residue was dissolved in dry
dichloromethane (5 mL), the solvent was removed] #me crude acyl chloride obtained was
immediately used for the next reactie¢nlM LDA solution (13.2 mL) was added to 30 mL oyd’HF

at —70°C. Then 0.46 mL (6 mmol) gfbutyrolactone was added and the mixture stirregddfb min
under inert atmosphef&.To this mixture a solution (5 ml of dry THF) ofetrcrude acid chloride
prepared above was slowly added in 5 min. The maxtuas allowed to warm to r.t. (5 h) and then
guenched with 10% hydrochloric acid (10 mL). Thetuwie was extracted with ethyl acetate (3 x 40
mL). The combined extracts were washed with brid® (L), dried (MgSQ), filtered, and
concentratedn vacuo The residue was applied to a plug of silica,eduwith CHCl,, and the solvent
was removed to obtain the crugieketolactone intermediate sufficiently pure to bsedt Thus,
diphenyl diselenide (0.95 g, 3.0 mmol) and sodi®di4 g, 6.0 mmol) were placed in an oven-dried
round-bottom flask under argon. Dry THF (30 mL) alvgg DMF (20 mL) were added to the contents
of the flask using a syringe and the mixture wastdek at 100°C for 30-45 min yielding a red solution
of sodium phenylselenide. To this homogeneous isolutas added the crufleketoester intermediate,
obtained as described before, dissolved in 5 mDM#F. The reaction was heated at 110°C for 22 h
and then allowed to cool to r.t. After addition1di% hydrochloric acid (10 mL) the acidic mixturesva
extracted with three 30 mL portions of ethyl acetdthe combined extracts were washed with brine (3
x 10 mL), dried (MgS@), filtered, and concentratad vacuo The residue was purified by column
chromatography on silica using dichloromethane-hexit1l mixture as eluent to afford 1.61 g bf
(2'-Chloro-5-methoxybiphenyl-2-yl)-4-(phenylseldndgan-1-one (18) in 60% global yield.Light
yellow oil; FTIR: vmax/cni* 2936, 1684, 1600, 1473, 1214, 1022, 760, 738; NMR (200 MHz,

CDCly) &/ppm 7.74 (d, 1HJ = 8.7 Hz,H-Ar), 7.50-7.14 (m, 9HH-Ar), 6.94 (dd, 1H,) = 8.7, 2.6 Hz,
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H-Ar), 6.76 (d, 1HJ = 2.6 Hz,H-Ar), 3.85 (s, 3H, O6l3), 2.83 (t, 2HJ = 7.2 Hz, ®&1,), 2.75 (t, 1H,
J=7.2Hz, ®), 2.72 (t, 1HJ = 6.8 Hz, G1,), 1.94 (dg, 2H,J = 7.2,6.8 Hz, €,); °C NMR (50
MHz, CDCk) d/ppm 200.7, 161.5, 140.7, 140.3, 132.4, 132.3,43130.6, 130.4, 130.0, 129.3,
128.9, 128.8, 126.7, 126.6, 116.7, 112.9, 55.20,4P7.2, 24.8; Anal. Calcd for,@4,:ClO.Se: C,
62.24; H, 4.77. Found: C, 62.31; H, 5.01.

4.4.4. Asymmetric reduction of ketone 18 to alcohol 19

To a solution of §-Me-CBS 1.0 M in toluene (0.43 mL, 0.85 mmol) irydHF (10 mL) at 0°C was
added a 2.0 M borane-dimethyl sulfide complex (0rl,70.17 mmol). A solution of ketori (0.38 g,
0.85 mmol) in dry THF (10 mL) was added slowly gsia syringe pump over 2.5 h with vigorous
stirring and the solution was allowed to warm o The mixture was stirred at r.t. until the ketone
disappeared on TLC monitoring (20 h). The mixturaswquenched with methanol and saturated
ammonium chloride solution (2 mL). The mixture wadracted with ethyl acetate (3 x 10 mL). The
combined extracts were washed with brine (10 mljedd (MgSQ), filtered, and concentrateid
vacua The crude product was purified on a silica gducm with a mixture of petroleum ether and
diethyl ether 60:40 as eluent to give the corredpanchiral secondary alcoh¢lR)-1-(2'-Chloro-5-
methoxybiphenyl-2-yl)-4-(phenylseleno)butan-118) in 76% yield. (0.25 g) as oil. FTIRmax/cm*
3416, 2933, 1608, 1576, 1472, 1437, 1219, 10675,1881, 735. *H NMR (200 MHz, CDCJ):
approx. 3:2 mixture of conformerd/ppm 7.57-7.12 (overlapped, m, 10H-Ar), 6.98 (overlapped,
ddd, 1H,J= 8.6, 3.8, 2.8 HZ1-Ar), 6.68 (minor, d, 1HJ = 2.7,H-Ar), 6.62 (major, d, 1H] = 2.7 Hz,
H-Ar), 4.48-4.35 (overlapped, m, 1H, G 3.81 (overlapped, s, 3H, ®f), 2.76 (minor, t, 2HJ =
6.9 Hz, GH,), 2.68 (major, t, 2HJ = 7.1 Hz, ®&1,), 1.98-1.45 (overlapped, m, SHHOand .); °C
NMR (50 MHz, CDC}): approx. 3:2 mixture of conformerd/ppm 158.3 (major rotamer), 158.0
(minor rotamer), 139.2, 139.0, 138.9, 134.2, 13232.4 (2C), 132.3, 131.4, 131.0, 130.3, 130.2,

129.5, 129.1, 128.8,(2C); 126.9, 126.8, 126.7, 32626.4, 126.3, 114.8, 114.3 (2C), 114.2, 69.8
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(major rotamer), 69.5 (minor rotamer9, 55.1, 38R&jor rotamer), 37.6 8minor rotamer), 27.4 (minor
rotamer), 27.3 (major rotamer), 26.2 (minor rotam6.0 (major rotamer); EIMS (70 eV) m/z [M]
446 (1), 271 (25), 229 (100), 207 (16), 190 (1&K 116), 91 (16); Anal. Calcd for,gH,3ClO,Se: C,
61.96; H, 5.20. Found: C, 61.81; H, 5.44.

4.4.5. Oxidative-cyclization of phenylseleno alcohol 19

To a solution of phenylseleno alcoht® (0.20 g, 0.45 mmol) in THF (20 mL) at r.t. powdg#re
dipotassium hydrogenphosphate (0.32 g, 1.80 mmmad)nachloroperoxybenzoic acid (0.24 g, 1.35
mmol) were added. The reaction mixture was stimetl TLC analysis showed that the starting
selenide was completely converted into the cornedipg selenone (2 h). Then powdered potassium
hydroxide was added (0.19 g, 3.37 mmol). The comsgiom of the selenone was monitored by TLC
(14 h). The mixture was then poured into 10% agsesmdium carbonate (10 mL) and extracted with
ethyl acetate (2 x 20 mL). The organic layer washea with 10% aqueous sodium carbonate (10 mL),
then brine, dried over sodium sulphate, and comatsd in vacuo to afford, after column
chromatography on silica gel (diethyl ether-pewaote ether 3:7) the(2R)-2-(2'-chloro-5-
methoxybiphenyl-2-yl)tetrahydrofura(20) as oil (0.10 g, 77%). FTIRimax/cm’* 2950, 2865, 1608,
1470, 1219, 1067, 1038, 7584 NMR (200 MHz, CDC}): mixture of conformers.d/ppm 7.60-7.41
(overlapped, m, 2HH-Ar), 7.40-7.20 (overlapped, m, 3H-Ar), 7.04-6.92 (overlapped, m, 1H:-
Ar), 6.72-6.65 (overlapped, m, 1H-Ar), 4.57 (t, 1HJ = 7.0 Hz, O®), 4.15-3.98 (overlapped, m,
1H, OH,), 3.90-3.80 [(m, partly overlapped s (3H, B, m (1H, (H,)], 2.12-1.50 (overlapped, m,
4H, CH,); **C NMR (50 MHz, CDGCJ): mixture of conformersd/ppm 158.0, 139.5, 138.8, 138.3,
134.1, 133.6, 132.4, 133.1, 131.5, 131.1, 129.9,312128.7, 126.8, 126.5, 126.4, 126.2, 114.6,2,14.
113.9, 78.0, 77.6, 68.6, 68.4, 55.3, 34.9 (mindanmeer), 33.9 (major rotamer), 26.3, 26.2; EIMS (70
eV) m/z [M[]' 288 (79), 257 (52), 253 (79), 245 (53), 225 (228 (17), 211 (100), 195 (12), 177 (40),
168 (28), 152 (33), 139 (29); Anal. Calcd ford,7ClO,: C, 70.71; H, 5.93. Found: C, 70.65; H, 6.15.
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HPLC analysis at variable temperafliren Phenomenex® Lux Cellulose-2 column (250 x 4168

ID), n-hexane/2-propanol = 99:1, flow rate = 1.0/mln, 254 nm UV detector.
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