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Abstract

For the first time, both antipodes of the isoflasa@quol and sativan were synthesized in >98 %
ee with good overall yields starting from readily #dehle starting materials. The chiral
isoflavan, {)-equol is produced from soy isoflavones, formoireanhd daidzein by the action of
intestinal bacteria in certain groups of populatasmd other chiral isoflavans are reported from
various phytochemical sources. To produce thesmlcisioflavans in gram quantities, Evans’
enantioselective aldol condensation was used &sra-cducing step to introduce the required
chirality at the C-3 position. Addition of chiralotbn-enolate to substituted benzaldehyde
resulted in functionalizedyn-aldol products with >90% yield and excellent deasbselectivity.
Functional group transformations followed by int@ecular Mitsunobu reaction and
deprotection steps resulted the target compous{y;equol ands-(+)-sativan, with high degree
of enantiopurity. By simply switching the chiralxaliary to (S-4-benzyloxazolidin-2-one and
following the same synthetic sequence the antipo&eg)-equol andR-(-)-sativan were

achieved. Both enantiomers are of interest froniracal and pharmacological perspective and
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are currently being developed as nutraceutical phdrmacological agents. This flexible
synthetic process lends itself quite readily to ¢hantioselective syntheses of other biologically

active C-3 chiral isoflavans.



Introduction

Isoflavanes are a subclass of isoflavondidsaracterized by a chirality at the C-3 positidithe
pyran ring and are thought to be derived from tbeesponding isoflavonidsia reductive
processes (Figure 1). In general, isoflavans aftpdeigin always have an oxygen at @@d they
almost never have oxygenation at TBhere are a number of isoflavans with some refdde
possess unique, promising biological activitiesafples include: sativan and vestitol isolated
from the leaves oMedicago sativa®* and in Lotus corniculatus;® colutelol, isolated from the
roots ofColutea arborescens;® lespedezol G isolated from the stems akspedeza homoloba;’

and lespecyrtin Pisolated from the root extracts lofspedza cyrtobotrya.®

Equol, the first isoflavan discovered, is widelyne@ered as a dietary phytoestrogen. It was first
isolated unexpectedly from equine urine, in anmapieto isolate estrogén’ and later from the
urine of other animat$ and human&? Its absolute configuration asSisomer® was assigned
after the identification of naturally occurring flewans S(+)-vestitol, S(-)-duartin, S-(-)-
mucronulatol fromDalbergia variabilis and severalMacherium species® The S-equol is
reported to bind with several receptdrs including estrogen receptors (ERWwith 13 times
more selectivity to ER subtyp@® compared to subtype.'*8 In addition to estrogenic activity,
several biological activities such as anti-fungalanti-cancef’ anti-osteoporotic, anti-
androgert? anti-inflammatory, anti-oxidant and anti-aging peatie$* are reported and claimed

to promote brain mitochondrial functitirand to inhibit prostate growtf.

The composition of colonic microbiota have beenorggr to influence the metabolic fate and

biological effects of dietary intake of soy isoftmes. Indeed, the extent of at least some of the
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potential health benefits of soy intake are thoughtdepend on one’s capacity to convert
isoflavones to key metabolites during digestidff: The gut bacteriddlercreutzia equolifaciens

is reported produc&-equol from daidzein2) and genistein3).?®> Studies measuring urinary
equol excretion after soy consumption indicated #wpuol was produced by about 25%-30% of
the adult population in Western countries compaied0%-60% of adults living in Asian
countries and Western adult vegetari&tf€. This high variability in equol production was
presumably attributed to inter-individual differescin the composition of the intestinal
microflora, such ag. equolifaciens.?® Moreover, it was reported that the racemic equay mot
show the same activities as that of pure enantisnas demonstrated in the pharmacokinetic
studies on this compouri@.Further studies of the biological and clinical pedies of equol,
including our owrf>*° attest to the immense interest in this is an afeasearch. Given the
desirable biological properties of isoflavanssiimportant to have enantiopure, gram quantities
of these isoflavans to enable further study ofrtiédlogical, metabolic and pharmacokinetic

properties.
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Figure 1. Soy isoflavonoids: Isoflavones (formonentindaidzein2, genisteir3) and isoflavans
includingS-(-)-equol4.

The majority of reported syntheses were for thel®sis of a racemic form of isoflavans which
are purified by chiral separatidhi®* Examples of racemic synthesis include, catalytic
hydrogenation of isoflavans using Pd catalysts ifferént solvent and pH conditioi$>’
Multistep total syntheses of racemic mixtures dd-Baethyllicoricidin**° halogen-substituted
isoflavans and isoflaven®awvere also reportett. Equol4 was synthesized from formononefin
and daidzein2 in racemic form using Pearlman’s catalyst (20% R)§Con carbon),’ by
bacterial flord? and from resorcinolia an isoflavene intermediaté.Ferreira and co-workers
have demonstrated the enantioselective synthediseoflimethoxy analogue &equolvia a-
benzylation oiN-acyl imidazolidinone$**°In a similar approach for introduction of the riqd
C-3 stereocenter, Heemsteh al. reported the enantioselective total synthesisefjuol via
Evans’ alkylation followed by Buchwald intramoleaul etherificatiorf® However, the key

transformations, such as Evans’ alkylation of oXdawne with a regiomeric mixture of
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bromobenzyl bromide and palladium-catalyzed Buchvedherification, produced less than 50%
conversion with an overall yield <10%:-equol4 and other chiral isoflavanR-sativan5 andR-
vestitol 9, were synthesized utilizing allylic substitutfras the chirality transfer step with the
copper reagent derived from PhMgBr and CMBx%S. Yanget al, reported an enantioselective
iridium-catalyzed hydrogenatiéhof a-arylcinnamic acids and applied the same methogolog
for the synthesis d&-equol4 with an overall yield of 48%. Recently, Jingzhaa Xt al, reported
the asymmetric hydrogenation of 2ldhromenes using Ir/In-BiphPHOX catalyst to prodtae

isoflavan derivatives, includingequol in 82% yield with >95% &€.

In continuation of our work on phytoestrogens foomen’s health, several grams of
enantiomerically pur&equol4 and other chiral isoflavans were required. To asslithis need,
we report herein a scalable enantioselective sgrgled four isoflavans: equol enantiomers- (

4, (+)-4, sativan isomers (#9-and ()-5, using Evans’ aldol as common, chiral pool approach
(Figure 2). Unlike in Evans’ alkylatio® Evans’ aldol addition is particularly powerful berse

it establishes two contiguous stereocenters simedtasly in high yield and with a high degree

of selectivity and is reported to accommodate sewahge of substrates.
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Figure 2. Structures of the synthesized chiral isoflavans.

Results and Discussions

The retrosynthetic analysis of the chiral isoflavsaffold is outlined in Scheme 1. The key
intermediatessyn-aldol product8 (key intermediate to producgequol) or 9 (intermediate to
produceS-sativan),can be obtainedia Evan’s aldol reaction between aldehyd&3 ¢r 11) and
chiral-auxiliary substituted imided.2 or 13). Deoxygenation of the aldol product, followed by
reduction, would furnish hydroxy phenobs (the intermediate to produce equols) ah¢he
intermediate to produce sativans). Cyclization und#iéitsunobu conditions followed by

deprotection would produce the isoflavans, eduahd sativarb.
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Scheme 1Retrosynthesis of isoflavans, eqdand sativarb via Evans’ aldol addition to introduce chirality at3C-

The crucial starting materials required for Evaalslol reaction are oxygenated benzaldehydes

(10 and11), and benzoxazolidinone-derived imides of phemrgtia acids [{)-, (+)-12 and ¢)-,
(+)-13]. The oxygenated aldehyd&® and 11 were prepared from the commercially available

starting materiald7 and18, respectively (Scheme 2). The aldehyldewas produced by MOM
protection ofl7, whereas, the aldehydd was prepared via sequential protectiori®initially
with MOMCI at thep-hydroxy group to gel9 which was then subjected to further protection
with TBSCI. The counterpart chiral auxiliary substied imides ()-, (+)-12 and ¢)-, (+)-13,
were synthesized according to the literature proeedh two stage¥® First, by activating the
phenyl acetic acids as acid chlorides with thioetylloride or as mixed anhydride with pivaloyl
chloride; In the second stage, the resulting abidrce/anhydride were then treated with the

anions of the respective 4-benzyl oxazolidinongsrtaluce the corresponding chiral imides.
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Scheme 2.Synthesis of the starting materials for the Evaaigbl reaction. Reagents and Conditions: a) MOMCI,
K,CQ;, acetone, rt, 24 h, 94% (fa0); MOMCI, DIPEA, DCM, rt, 20 h, 75% (fol9); b) TBDMSCI,
DIPEA/DCM, 0°C, 1h; rt, 24 h, 97%. c) Fdr4: SOC}, 2h; n-BuLi, 65 to—45 °C, (+)- or (-)-16in
THF, 2 h to produce (+)or (-)-12, 73%; Forl5: Pivaloyl chloride, DIPEA, THF-78 ‘C; n-BulLi, (+)-
or (h)-16in THF,-78°C, 3 h, to produce (+pr (-)-13, 90%.
The construction of the isoflavan scaffold begathve diastereoselective Evans’ aldol
addition reactiont™® of: benzaldehydes1(Q and 11) with oxazolidinones 12 and 13,
respectively), using BBOTf (Scheme 3).Typically, dialkyl boron enolates are known to

produce the 4)-boron enolates with little sensitivity towardsettbase used. However, the

reactivity and stability of boron enolates resutinom 12 or 13 were found to be critical and

sensitive to temperature. No aldol addition reacti@s observed at temperatures bel@w°C,

and decomposition of the aldol product was obseatedaction conditions abové0 °C.



AL mm

N
O ‘\\Bn
X
10 (R; = OMOM; R, = OMe R;=H, (-)-12; e}
11 (R4 = OTBDMS; R, = OMOM) Rs;= OMe, (-)-13 (+)-8 (R4= OMOM; R,= OMe; R3 = H)
(+)-9 (R=0TBDMS; R,=OMOM; R3;=OMe)

01 ]
O¢HLN Bn

OMe

Scheme 3Evans’ aldol addition to genera®esyn-aldol products (+B and (+)9. Reagents and conditions: a) add
DIPEA to ()-12 or (-)-13in DCM at 0°C; cool to—25°C, 1 M BBypOTf in DCM (add dropwise);

warm from-25 °C to-15 °C over 30 minutes, stir for 3 h; re-cool-1®5°C, add10or 11 in DCM (over
30 minutes); warm from25 °C to—15 °C (over 20 minutes), stirr for 1.5 h,-80%.

The reaction of enolate from)¢12 with 4-methoxy-2-(methoxymethyl) benzaldehy®
furnished 2,3syn-aldol product (+)8 at 90% yield with >95% diastereoselectivity, evidet by
the 'H-NMR of crude product. The superior stereochemicatome of the aldol reaction can be
rationalized using a Zimmerman-Traxler six-membegieair-like transition state (Scheme 3). As
anticipated, the facial selectivity of the aldehywas directed by the chiral auxiliary of the
enolate, resulting ine-face attack to produce Evarsyh aldol product. Similarly, theeaction of

enolate from «)-13 with benzaldehydell furnished 2,3yn-aldol product (+)9 as a single
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diastereomer in 90% vyield after purification. Degagation at the benzylic hydroxyl group of
the resulting aldol product was found to be nomtivSeveral attempts to deoxygenate the aldol
products (+)8 and (+)9 in the presence of Pd-Cfih EtOAc, Pd-C/H in MeOH, Pd(OH}-H,

in MeOH, HCOONH, and Raney Ni/klin MeOH were unsuccessful or produced complex
mixtures with low quantities of the desired produ&onversion of the benzylic hydroxyl group
of these compounds to their corresponding tosylatas also unsuccessful. This lack of
reactivity may be due to the presence of an eledtich aromatic system and possible chelation.
However, deoxygenation @yn-aldol product using excess of triethylsilane ie fresence of
TFA, furnished the compounds in (2p-and(+)-22 in 81 and 75% yields, respectively. Next,
the MOM group of(+)-20 was selectively deprotected using HCI in MeOH bam (+)21 in
85% vyield.

The chiral auxiliary of the deoxygenated compouftA1l was removed by reduction
with lithium aluminum hydride, producing the diotgoluct (+)6 in 90% vyield. Similarly, the
chiral auxiliary of the deoxygenated compound Z2)was reduced with LAH, and further, the
TBS group was deprotected using TBAF in THF to paedthe diol (+)7 in 89% yield. No loss
of optical purity was observed with recovered draailiaries.

The diols (+)6 and (+)7 were then subjected to an intramolecular Mitsunaaction
to produce cyclic producis)-23 and (+)24, respectively in 86% vyield. Alternatively, reflusg
the diol with TsCl and KCQO; in toluene also resulted the chromanes2@-and (+)24, in good
yields. The dimethoxy analogues of equetZ3 and MOM-protected analogues of sativan (+)-
24 were then subjected to final deprotection to ytbkl desired chiral products){4 and (+}5in

>85% yields (Scheme 4).
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Scheme 4Enantioselective synthesis 8fequol ()-4 andS-sativan (+)5 starting from Evans’ aldol products (8)-
and (+)9. Reagents and conditions: a) TFAz&H/DCM, 0 °C, 30 min (6881%); b) 3N HCI in

MeOH/reflux, 30 min, 85%; c) for (+21 LiAIH 4/THF, 0°C to rt, 4 h, 90%; for (+22 LiAIH 4/THF,0
°C to rt, overnight, TBAF/THF, 89%; d) Mitsunobu otian: DIAD, TPP/THF, rt, 6 h, 86% or TsCl,

K,CO;, toluene, reflux, 5h, 78%; e) Deprotection: fe}-23: Pyridinium.HCI/150°C, overnight, 88%;
for (+)-24: 3M HCI; rt, 0.5 to 0.75 h, 86%.

By implementing the same synthetic approach (SceeBnhand 4), the stereoselective
synthesis of th&-isomers of equol (+4 and sativan+)-5 (Scheme 5) were achieved from their
respective starting materials, {32 and (+}13, via aldol intermediates—§-8 and ()-9, which

were subjected to the same deoxygenation, depiatectclization, and deprotection steps. The
overall yield starting from their respective pheagktic acids and benzaldehydes were: 32% for

S(-) andR-(+)-equol (+)4, 28% for (+)5 and 23% for sativan-J-5.
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Scheme 5Synthesis of (+)-equeal and ()-sativanb.

In conclusion, chiral isoflavans were successfallgthesized starting from phenyl acetic
acid precursors, with the aid of an Evans aldottiea as a key transformation. The ready
availability of both antipodes of 4-benzyl-2-oxadotone allowed us to develop practical
synthetic sequence to access the isoflavans wgn émnantiopurity. Reaction of boron enolates
with oxygenated aldehydes producedsyn aldol products with excellent diastereoselectsiti
This was followed by deprotection, removal of chaaxiliaries, cyclization and deprotection to
produce the chiral isoflavans in >30% overall y&eldrurthermore, this flexible synthetic
approach allowed the synthesis of their antipodesifmply switching the chiral auxiliary. This
synthetic sequence delineates the advantage aldbéaddition reaction over the alkylation for
the efficient construction of isoflavan scaffoldgwthe required chirality at C3 position.

Experimental Section:

General information
All reactions were performed under an atmospherargbn with oven-dried glassware

and standard syringe/septa techniques. All reaatmxtures were magnetically stirred with
Teflon stir bars, and temperatures were measuregtrally. Solvents were distilled under an
argon atmosphere prior to use. The solvents tedraliyran (THF) and EO were distilled from

sodium benzophenone, while g, was dried over 5. Triethylamine and was distilled from
CaH,. Ethanol and methanol used were reagent-gradeersslv All reagents obtained

commercially were used without further purificatiofhe reaction progress was monitored on
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precoated silica gel thin-layer chromatography (Ylplates. Spots were visualized under 254
nm UV light and/or by dipping the TLC plate intstaining solution (prepared by mixing 2 mL
of anisaldehyde, 10 mL of glacial acetic acid, &ndL of H,SO, in 340 mL of EtOH), followed
by heating with a heat gun. Column chromatograplg werformed with silica gel (230-400
mesh). All the solvents were purchased as reagadiegsolvents for column chromatography.
'H and**C NMR spectra were measured in Cp6I MeOH-d, on 400 MHz (100 MHz) or 500
MHz (125 MHz) machines. Chemical shifts were reparin parts per million (ppm) downfield
from tetramethylsilaned] as the internal standard, and coupling constargsin hertz (Hz).
Assignment of proton resonances were confirmeddmetated spectroscopy. IR spectra were
recorded by use of a universal attenuated totlatmdn sampling accessory (diamond ATR) on
an Agilent Cary 630 FT-IR spectrometer. High-reiolu mass spectra were recorded on an
Agilent electrospray ionization quadrupole timefigght (ESI-QTOF) instrument. Optical

rotations were recorded using Autopol IV (A7040-p2)arimeter.

Synthesis of the aldehydes, 10 and 11
Synthesis of the aldehyd®

N,N-diisopropylethylamine (DIPEA) (17.0 mL, 98 mmola# added dropwise into an ice-cold
solution of2-hydroxy-4-methoxybenzaldehyd& (10g, 65.8 mmol) in dichloromethane (DCM)
(200 mL), and stirred. After 30 minutes, neat MOMTZI5 mL, 99 mmol) was added dropwise
and stirred further for 20 h. The reaction mixtwas quenched with water (50 mL) and layers
were separated. The aqueous layer was furthercéatravith (2 x 50 mL) DCM and the
combined organic layers were dried over anhydraxdiusn sulfate and concentrated under

vacuum to produce MOM protected aldehyd®(12.1 g, 61.8 mmol, 94%) as a pale yellow

14



crystalline solid and used as the starting matdoal Evans aldol reaction without further
purification.

4-Methoxy-2-(methoxymethoxy)benzal dehyde 10:

MP: 58°C; lit 59-60 °C;>* IR (cmi Y): 2941, 2844, 1678, 1600, 1259, 1154, 1078, 983,hd

815;'H NMR (400 MHz, CDCY): 6 10.32 (s, 1H), 7.81 (d, = 8.8 Hz, 1H), 6.70 (d] = 2.3 Hz,
1H), 6.60 (dd,J = 8.8, 2.3 Hz, 1H), 5.28 (s, 2H), 3.85 (s, 3Hp13(d, 3H);**C NMR (100
MHz, CDCk) 6 188.3, 166.0, 161.5, 130.3, 119.5, 107.7, 10046{,%6.5, 55.6ESI-HRMS:
calcd. for GoH1304 197.0808 [M+H]J; found 197.0800.

Synthesis of the-((tert-Butyl dimethylsilyl)oxy)-4-(methoxymethoxy)benzal dehyde 11

The aldehydell was synthesized starting frod8 in two steps by following a reported
procedure? The first step is the synthesis of MOM protectetizaldehydd 9 and the second
step is the synthesis df from 19 by TBS protection.

2-Hydr oxy-4-(methoxymethoxy)benzal dehyde 19

To a suspension of dihydroxybenzaldehy®(10.0g, 72.5 mmol) and anhydrous potassium

carbonate (15.0 g, 109 mmol) in acetone (150 ml) &, MOMCI (5.5 mL, 72.4 mmol) was

added dropwise, allowed to warm to room temperaacestirred for 28 h. The reaction mixture
was filtered to remove potassium carbonate, conatat and purified using column

chromatography to obtain MOM-protectedhydroxy benzaldehyd&9 as brick colored crystals

(9.90 g, 54.4 mmol, 75%).

2-Hydr oxy-4-(methoxymethoxy)benzal dehyde 19:

MP: 55 °C (observed): Iff 54.9°C. IR (cmi™): 2961, 2848, 1628, 1503, 1290, 1225, 1156,

15



1078, 992, 959 and 8044 NMR (400 MHz, CDC}) 5 11.34 (s, 1H), 9.71 (s, 1H), 7.42 (b=

8.6 Hz, 1H), 6.63 (dd] = 8.6, 2.3 Hz, 1H), 6.58 (d,= 2.3 Hz, 1H), 5.20 (s, 2H), 3.46 (s, 3H);
ESI-HRMS: calcd. for GH1:04 183.0652 [M+HJ; found 183.0666.

2-((tert-Butyldimethyl silyl)oxy)-4-(methoxymethoxy)benzal dehyde 11

To a solution of 2-hydroxy-4-(methoxymethoxy)bentedyde 19 (5.62 g, 31 mmol) and
TBDMSCI (9.31 g, 61.8 mmol) dissolved in anhydrdd€M (250 mL), DIPEA (16 mL, 92
mmol) was added and stirred at room temperatur8ddr. The reaction was then quenched with
water, extracted with DCM (2x40 mL) and the combimeganic layer was dried over anhydrous
MgSQ,, filtered and dried to obtain brick red coloregstals11 (8.86 g, 30 mmol, 97%).

2-((tert-Butyldimethyl silyl)oxy)-4-(methoxymethoxy)benzal dehyde 11:

MP: 53.6°C ; IR (cmiY): 2961, 2848, 1628, 1577, 1501, 1290, 1223, 11648, 989, and 806;

'H NMR (400 MHz, CDC4) § 10.29 (s, 1H), 7.75 (d,= 8.6 Hz, 1H), 6.68 (dd] = 8.7, 2.2 Hz,
1H), 6.52 (dJ = 2.2 Hz, 1H), 5.17 (s, 2H), 3.46 (s, 3H), 1.08.91 (s, 9H), 0.27 (s, 6H}°C

NMR (100 MHz, CDC}) & 188.7, 163.4, 160.6, 129.9, 121.9, 109.8, 107411,956.2, 25.7
(3C), 18.3,-4.4 (2C); ESI-HRMS: calcd. for GsHNaO,Si 319.1342 [M+Na] found:

319.1289.

Synthesis of chiral imides ()2 and ()-12

(+)-12 and ()-12 were prepared from the corresponding 4-benzyloxdine?-ones (+)16 and
(-)-16 by following the reported proceduft®.

(R)-4-Benzyl-3-(2-(4-methoxyphenyl)acetyl)oxazolidzrene(-)-12:

Yellow needles[a]3® =-73.3 (c = 1.20, CHG); MP: 88°C; IR (cm~!): 3028, 2924, 1778,

1700, 1514, 1357, 1248, 1181, 1033, and #98YMR (400 MHz, CDC}) § 7.32-7.22 (m, 5H),
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7.17-7.09 (m, 2H), 6.92—6.85 (m, 2H), 4.72—4.611h), 4.33-4.11 (m, 4H), 3.80 (s, 3H), 3.26
(dd,J = 13.4, 3.3 Hz, 1H), 2.75 (dd= 13.4, 9.4 Hz, 1H)**C NMR (100 MHz, CDC}) &
171.7, 159.0, 153.5, 135.3, 131.0 (2C), 129.6 (229,1 (2C), 127.5, 125.6, 114.2 (2C), 66.3,

55.5, 55.4, 40.8, 37.€ESI-HRMS: calcd. for GoH2oNO4 326.1387 [M+H]; found: 326.1339.

(9)-4-Benzyl-3-(2-(4-methoxyphenyl)acetyl ) oxazolidin-2-one (+)-12:

[a]3® = +70.377 (c = 1.06, CHEl IR (cm™Y): 1780, 1700, 1514, 1359, 1249, 1181, and 1033;
'H NMR (400 MHz, CDC}) § 7.32—7.22 (m, 5H), 7.16—7.11 (m, 2H), 6.92—6.84 ZH), 4.70-
4.61 (m, 1H), 4.31-4.11 (m, 4H), 3.80 (s, 3H), 3(88,J = 13.4, 3.4 Hz, 1H), 2.75 (dd,=
13.4, 9.4 Hz, 1H).**C NMR (100 MHz, CDC}) & 171.7, 158.9, 153.5, 135.3, 130.9 (2C), 129.5
(2C), 129.0 (2C), 127.4, 125.6, 114.2 (2C), 6624555.4, 40.8, 37.FESI-HRMS: calcd. for

CioH20NO,4 326.1387 [M+H], found 326.1395.

(R)-4-Benzyl-3-(2-(2,4-dimethoxyphenyl)acetyl)oxazolidin-2-one (-)-13:
The chiral amide$-)-13 and (+)-13 were prepared by following the reported procedwé.iu

et af® with slight modifications. For example, to a s@ut of 2-(2,4-dimethoxyphenyl)acetic

acid 15 (3.9 g, 20 mmol) and DIPEA (3.77 mL, 21.6 mmol)amhydrous THF (50 mL) at78

°C, trimethylacetyl chloride (pivaloyl chloride) (& mL, 25.7 mmol) was added dropwise under

argon atmosphere. The resulting mixture was stifoed5 min at-78 °C, 1 h at °C, and then

re-cooled to —78C to produce mixed anhydride. Meanwhile, in a sajgaflask to a solution of

(R)-4-benzyl-oxazolidin-2-one [(4f] (4.3 ¢, 24.3 mmol) in anhydrous THF a8 °C under
17



atmosphere of argom-BuLi (25 mmol; 10 mL of 2.5 M in hexanes) was addiopwise and

the mixture was stirred for 40 min-at8 °C. This solution was then transferred with a caanal

the preformed mixed anhydride mixture. After stigithe reaction mixture for 15 min, it was
allowed to warm to room temperature over 2 h, ti(pgenched with saturated aqueous,8H50
mL) and extracted with ethyl acetate (3 x 30 mL)eTcombined organic layers were washed
with brine, dried over anhydrous Mga@iltered, and concentrated under reduced pres3ine
residue was purified by flash chromatography oicaigel to obtain a viscous liqui8 (6.40 g,

18 mmol, 91%).

(R)-4-Benzyl-3-(2-(2,4-dimethoxyphenyl)acetyl)oxazolidin-2-one (-)-13:

Viscous liquid[a]3° = -76.1 (c = 1.0, CHG); MP: 78.9°C; IR (cm—%): 2941, 1778, 1706,
D

1616, 1512, 1212, 1158 and 1057;NMR (400 MHz, CDC$) & 7.39-7.16 (m, 5H), 7.07 (dd,

7.9, 2.3 Hz, 1H), 6.54-6.42 (m, 2H), 4.68 (bt)1#31-4.04 (m, 4H), 3.81 (s, 6H), 3.28 (dd,

13.2, 2.5 Hz, 1H), 2.81 (dd, = 13.2, 9.7 Hz, 1H)*C NMR (100 MHz, CDC}) 5 171.6,
160.5, 158.6, 153.8, 135.5, 131.6, 129.6 (2C),A.28C), 127.4, 115.1, 104.3, 98.8, 66.3, 55.6,

55.5 (2C), 37.9, 36.FESI-HRMS: calcd. for GoH2,NOs 356.1492 [M+H]; found 356.1493.

By following above procedure, the reaction betwg&gand ()-16 produced (+)L3.
(9-4-Benzyl-3-(2-(2,4-dimethoxyphenyl)acetyl ) oxazolidin-2-one (+)-13:

[a]Z® = +78.8 (c = 1.0, CHG), reported +113.7 (c = 1.36, GEl,);>’ MP: 78.9°C ;IR (cm™):
2939, 1178, 1708, 1616, 1592, 1512, 1393, 13672 &2tl 1037*H NMR (400 MHz, CDC}) 5

7.34-7.29 (m, 2H), 7.28-7.23 (m, 1H), 7.20J& 7.5 Hz, 2H), 7.07 (d] = 7.9 Hz, 1H), 6.53—
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6.44 (m, 2H), 4.68 (ddtd] = 9.4, 6.3, 3.2, 1.1 Hz, 1H), 4.29-4.07 (m, 4HBMB(m, 6H), 3.29
(dd, J = 13.2, 3.2 Hz, 1H), 2.80 (dd,= 13.2, 9.4 Hz, 1H)}*C NMR (100 MHz, CDC}) &
171.7, 160.6, 158.7, 153.8, 149.2, 135.6, 131.6,6122C), 129.1 (2C), 127.4, 115.3, 104.5,
99.0, 66.4, 55.6, 55.5, 38.0, 36SI-HRMS: calcd. for GoH2,NO 356.1492 [M+H]J; found
356.1483.

General procedure for Evans’ aldol reaction

In a 0.5 L round bottom flask, to a pre-cooled sohu of chiral 4-benzyl-(acetyl)oxazolidin-2-

one (1 equiv.) in anhydrous DCM (200 mL) at®, DIPEA (1 equiv.) was added drop wise and

cooled to -25 °C. To this resulting mixture, a solution of dibyfirifluoromethyl)-

sulfonyl)oxy)borane in DCM (1.0 M, 1.1 equiv.) wadded drop wise to produce orange colored

solution which was warmed, over 30 min,-{b5 °C and then stirred for 3h atl5 °C. The

solution was re-cooled t&?5 °C and a solution of benzaldehyde (1 equiv.) in DEBI mL) was

added drop wise and stirred-&b °C for 20 minutes. The temperature of the mixtures vaased

to —15 °C over a period of 30 min and stirred further faldiional 1 h. The mixture was

guenched with methanol (25 mL) and phosphate bitfermL, pH 7.4). To this, a solution of
hydrogen peroxide (15 mL, 30%) in MeOH (35 mL) wadded dropwise, warmed to room
temperature and stirred for additional 1h. The wholxture was concentrated under reduced
pressure and the residue was diluted with wated (hk) and extracted with diethyl ether (3 x
150 mL). The combined organic layers were washel tuiine, dried over anhydrous Mggf0

concentrated. The resulting residue was purifiadgusolumn chromatography by eluting with
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10-25% ethyl acetate in hexanes to isolate the alamlyzt.

Reaction between oxazolidine-2-onrg-12 and aldehydd.0 produced (+)8 as a viscous liquid
in 90% yield.

(R)-4-Benzyl-3-((R,3R)-3-hydroxy-3-(4-methoxy-2-(methoxymethoxy) phenyij42
methoxyphenyl)propanoyl)oxazolidin-2-one &:)-

[a]3® = +97 (c = 0.12, CHG); IR (cm™Y): 3529, 2956, 2935, 1777, 1611, 1510, 1156, 1000,
998, 732 and 704H NMR (500 MHz, CDC}) § 7.29 (d,J = 8.7 Hz, 2H), 7.22-7.18 (m, 3H),
7.02 (d,J = 8.5 Hz, 1H), 6.99-6.95 (m, 2H), 6.88-6.84 (M), 26{72 (d,J = 2.4 Hz, 1H), 6.42
(dd,J = 8.5, 2.4 Hz, 1H), 5.54 (s, 2H), 5.25-5.19 (dl&; 16.0Hz, 2H), 4.60 (ddf] = 9.1, 7.1,
3.5 Hz, 1H), 4.06-3.97 (m, 2H), 3.80 (s, 3H), 3(363H), 3.54 (s, 3H), 3.09 (dd,= 13.5, 3.4
Hz, 1H), 2.55 (ddJ = 13.5, 9.1 Hz, 1H}**C NMR (125 MHz, CDC}) § 173.7, 160.1, 159.1,
155.2, 152.5, 134.8, 131.1 (2C), 129.4 (2C), 129288 (2C), 127.2, 126.3, 121.8, 113.7 (2C),
106.0, 101.1, 94.7, 70.8, 65.7, 56.3, 55.3, 5547,553.1, 37.2;ESI-HRMS: calcd. for

CooH3oNO; [M"‘H-HzO]+ 504.2017; found 504.2030.

Reaction between oxazolidine-2-one (and aldehyd&0 produced-)-8.
(9-4-Benzyl-3-((B,39-3-hydroxy-3-(4-methoxy-2-(methoxymethoxy)pheny2
methoxyphenyl)propanoyl)oxazolidin-2-one-8:

Yield 89%; [a]%° = ~111.3 (c = 0.39, CHG); IR (cm™?): 3528, 2957, 2838, 1777, 1611, 1510,
1156, and 1000*H NMR (500 MHz, CDC}) & 7.30 (d,J = 8.7 Hz, 2H), 7.23-7.17 (m, 3H),
7.03 (d,J = 8.5 Hz, 1H), 7.00-6.94 (m, 2H), 6.86 (d= 8.7 Hz, 2H), 6.73 (d] = 2.4 Hz, 1H),

6.42 (dd,J = 8.5, 2.4 Hz, 1H), 5.54 (s, 2H), 5.30-5.21 (m),2#60 (ddtJ = 8.9, 7.2, 3.6 Hz,
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1H), 4.06-3.97 (m, 2H), 3.79 (s, 3H), 3.76 (s, 3854 (s, 3H), 3.08 (dd) = 13.5, 3.4 Hz, 1H),
2.56 (dd,J = 13.5, 9.0 Hz, 1H)*C NMR (125 MHz, CDC}) & 173.7, 160.1, 159.1, 155.2,
152.5, 134.8, 131.1 (2C), 129.4 (2C), 129.1, 128®), 127.2, 126.3, 121.9, 113.7 (2C), 106.0,
101.1, 94.7, 70.8, 65.7, 56.3, 55.3, 55.2, 54.71,537.2;ESI-HRMS: calcd. for GeHaNO;

504.2017 [M+H-HO]": found 504.1997.

Similarly, the reaction between oxazolidine-2-onrg13 and aldehydell produced (+P as
amorphous solid in 82% yield
(R)-4-Benzyl-3-((R,3R)-3-(2-((tert-butyldimethylsilyl)oxy)-4-(methoxymiebxy)phenyl)-2-

(2,4-dimethoxyphenyl)-3-hydroxypropanoyl)oxazolidirone (+3)9:

MP: 72.9°C; [a]%® = +203.5 (c = 1.0, CH@); IR (cm—%): 3542, 2931, 2857, 1791, 1674, 1613,

1588, 1508, 1389, 1212, and 1186;NMR (400 MHz, CDC}) § 7.38-7.21 (m, 3H), 7.20-7.10
(m, 2H), 7.06 (d,) = 8.3 Hz, 1H), 6.77 (dJ = 8.4 Hz, 1H), 6.56-6.51 (m, 1H), 6.48-6.41 (m,
2H), 6.35-6.30 (M, 1H), 5.63 (d,= 3.6 Hz, 1H), 5.47 (d] = 4.1 Hz, 1H), 5.09 (s, 2H), 4.72—
4.62 (m, 1H), 4.01 (d] = 5.5 Hz, 2H), 3.79 (s, 3H), 3.71 (s, 1H), 3.443(d), 3.42 (s, 3H), 3.35
(dd,J = 13.3, 3.5 Hz, 1H), 2.53 (dd,= 13.3, 10.0 Hz, 1H), 1.00 (s, 9H), 0.34 (s, 3b132 (s,
3H); °C NMR (100 MHz, CDC}) § 175.1, 160.3, 159.3, 157.1, 153.2, 152.0, 1353, 11
129.5 (2C), 129.1 (2C), 128.4, 127.4, 125.4, 11208.1, 106.2, 103.8, 98.6, 94.7, 69.0, 66.0,
55.9, 55.4, 55.2 (2C), 48.2, 37.8, 25.9 (3C), 18.3,9, -4.1; ESI-HRMS: calcd. for

CzsH44NOgSi 634.2831[M+H-HO]"; found 634.2827.

The reaction between oxazolidine-2-one {8)and aldehydé&1 produced-)-9 in 85% yield.
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(9-4-Benzyl-3-((5,39-3-(2-((tert-butyldimethylsilyl)oxy)-4-(methoxymiebxy)phenyl)-2-(2,4-

dimethoxyphenyl)-3-hydroxypropanoyl)oxazolidin-2ej(n)-9:

Colorless amorphous solifiq]Z’ = —201.4 (c = 1.0, CHG); MP:74.6 °C; IR (cm—%): 3540,

2931, 1790, 1672, 1611, 1508, 1366, 1292, 12121468;'H NMR (400 MHz, CDC}) § 7.36-
7.19 (m, 3H), 7.20-7.11 (m, 2H), 7.06 {d= 8.4 Hz, 1H), 6.77 (d] = 8.5 Hz, 1H), 6.53 (d] =
2.2 Hz, 1H), 6.48-6.39 (m, 2H), 6.32 (= 2.2 Hz, 1H), 5.63 (bt, 1H), 5.47 (@= 3.6 Hz, 1H),
5.09 (s, 2H), 4.72-4.61 (m, 1H), 4.01 {c 5.4 Hz, 2H), 3.78 (s, 3H), 3.71 @z= 3.0 Hz, 1H),
3.44 (s, 3H), 3.42 (s, 3H), 3.34 (dbz 13.2, 2.8 Hz, 1H), 2.53 (dd,= 13.2, 10.2 Hz, 1H), 1.00
(s, 9H), 0.34 (s, 3H), 0.32 (s, 3HiC NMR (100 MHz, CDCY) § 175.1, 160.3, 159.3, 157.1,
153.2, 152.0, 135.5, 131.1, 129.5 (2C), 129.0 (2A2B.3, 127.4, 125.4, 114.5, 108.1, 106.2,
103.8, 98.6, 94.7, 69.0, 66.0, 55.9, 55.4, 55.2),(28.2, 37.8, 25.9 (3C), 18.43.9,-4.1; ESI-

HRMS: calcd. for GsH4sNOgSi 634.2831 [M+H-HO]"; found 634.2817.

Deoxygenation of the aldol products

To a solution of the aldol adductR)¢4-benzyl-3-(2R,3R)-3-hydroxy-3-(4-methoxy-2-

(methoxymethoxy)phenyl)-2-(4-methoxyphenyl)propdjayazolidin-2-one (+8 (1.04 g, 2
mmol) in dichloromethane (10 mL) cooled &at@, triethyl silane (10 mL, 62.6 mmol) was added
dropwise and stirred for 10 min. To this mixtur#|uoroacetic acid (1 mL, 13 mmol) was added
drop-wise in two installments, allowed to warm wom temperature, and the reaction was
monitored using TLC. After 30 min, the reaction wamoled to 0°C and quenched using

NaHCQ; (10 mL) and extracted with dichloromethane (2 mL) The combined organic layers

were dried over anhydrous Mg@@oncentrated and purified using column chromatplgy to
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obtain a colorless viscous liqui#)-20 (0.81 g, 1.60 mmol, 81%).
(R)-4-Benzyl-3-(§)-3-(4-methoxy-2-(methoxymethoxy)phenyl)-2-(4-
methoxyphenyl)propanoyl)oxazolidin-2-o(e)-20:

[a]3° = +24.0 (c = 0.15, CHE@); IR (cm—?): 2933, 2836, 1778, 1695, 1613, 1510, 1218, 1156,
and 1007*H NMR (400 MHz, CDC}) § 7.36 (d,J = 8.4 Hz, 2H), 7.22—7.15 (m, 3H), 7.02-6.92
(m, 3H), 6.87 (dJ = 8.4 Hz, 2H), 6.68 (d] = 2.5 Hz, 1H), 6.39 (dd] = 8.3, 2.5 Hz, 1H), 5.41
(dd,J = 8.8, 6.2 Hz, 1H), 5.18 (s, 2H), 4.63 (tt= 7.6, 3.5 Hz, 1H), 4.07-3.95 (m, 2H), 3.80 (s,
3H), 3.75 (s, 3H), 3.52 (s, 3H), 3.35 (dds 13.6, 8.8 Hz, 1H), 3.13-2.98 (m, 2H), 2.56 (@i,
13.6, 8.9 Hz, 1H)XC NMR (100 MHz, CDC4) & 173.9, 159.4, 158.8, 156.4, 152.7, 135.1,
131.3 , 130.8, 129.8 (2C), 129.4 (2C), 128.8(2@Y.1, 120.2, 113.9 (2C), 105.8, 101.0, 94.6,
65.6, 56.1, 55.3, 55.2, 54.9, 47.9, 37.4, 3£8]-HRMS: calcd. for GeHzNO; 506.2173

[M+H]"; found 506.2176.

The deoxygenation of}-8 produced<)-20 as a viscous liquid in 75% yield.
(9-4-Benzyl-3-(R)-3-(4-methoxy-2-(methoxymethoxy)phenyl)-2-(4-
methoxyphenyl)propanoyl)oxazolidin-2-0(8-20:

[a]Z® = -26.4 (c = 0.33, CHG); IR (cm'): 2933, 1178, 1695, 1510, 1218, 1156 and 16@7;
NMR (500 MHz, CDC}) & 7.36 (d,J = 8.7 Hz, 2H), 7.24-7.16 (m, 3H), 7.00-6.93 (m), 35487
(d,J = 8.7 Hz, 2H), 6.68 (d] = 2.4 Hz, 1H), 6.39 (dd} = 8.3, 2.5 Hz, 1H), 5.41 (dd,= 8.8, 6.2
Hz, 1H), 5.19 (s, 2H), 4.63 (ddt,= 8.9, 7.7, 3.3 Hz, 1H), 4.06-3.98 (m, 2H), 3.803H), 3.75
(s, 3H), 3.51 (s, 3H), 3.34 (dd;= 13.4, 8.9 Hz, 1H), 3.09-3.01 (m, 2H), 2.56 (@&, 13.5, 9.0

Hz, 1H).*C NMR (125 MHz, CDC}) § 174.0, 159.6, 158.9, 156.5, 152.9, 135.2, 13135,9,
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129.9 (2C), 129.6 (2C), 128.9 (2C), 127.3, 120134.1 (2C), 105.9, 101.1, 94.6, 65.7, 56.3,
55.4, 55.4, 55.0, 48.1, 37.5, 34BSI-HRMS: calcd. for GoHzNO; 506.2173 [M+H]; found

506.2151.

Deoxygenation of (+B produced (+22 as a crystalline solich 73% yield.
(R)-4-Benzyl-3-(§)-3-(2-((tert-butyldimethylsilyl)oxy-4-(methoxymethoxy)phenylH2,4-

dimethoxyphenyl)propanoyl)oxazolidin-2-ow)-22:

MP: 107.5°C; [a]%® = +11.6 (c = 1.0, CHG); IR (cm—Y): 2931, 1784, 1696, 1611, 1506, 1292,

1210 and 1156H NMR (400 MHz, CDC}) § 7.36-7.21 (m, 4H), 7.19-7.11 (m, 2H), 6.89Xd,

= 8.2 Hz, 1H), 6.54 (d] = 2.4 Hz, 1H), 6.50-6.46 (M, 2H), 6.42 {dz 2.4 Hz, 1H), 5.54 (1] =

7.6 Hz, 1H), 5.15-5.01 (m, 2H), 4.60 (ddit 10.7, 7.4, 3.2 Hz, 1H), 3.98.90 (m, 2H), 3.80 (s,
3H), 3.68 (s, 3H), 3.44 (s, 3H), 3.34-3.24 (m, 2BP3 (dd,J = 13.3, 7.3 Hz, 1H), 2.55 (dd,=
13.2, 10.0 Hz, 1H), 1.01 (s, 9H), 0.30 (s, 3H),90(2, 3H);**C NMR (100 MHz, CDC}) &
174.9, 159.9, 158.3, 156.5, 154.7, 152.4, 135.1,013129.5, 129.3 (2C), 128.9 (2C), 127.2,
123.1, 120.1, 108.1, 107.1, 104.1, 98.6, 94.6,, 6%, 55.6, 55.4, 55.3, 42.7, 37.7, 32.5, 25.9

(3C), 18.3,-4.1,-4.2; ESI-HRMS: calcd. for GsH4sNOgSi 636.2987 [M+H]; found 636.2995.

Deoxygenation of4)-9 produced)-22 as a crystalline solith 68% yield.
(9-4-Benzyl-3-(R)-3-(2-((tert-butyldimethylsilyl)oxy)-4-(methoxymiebxy) phenyl)-2-(2,4-

dimethoxyphenyl)propanoyl)oxazolidin-2-o(e-22:

MP: 106.9°C; [a]4® =-10.7 (c = 1.0, CHG); IR (cm—): 2957, 2935, 1788, 1698, 1613, 1508,

1292, 1212, 1158 and 10184 NMR (400 MHz, CDC}) § 7.32-7.23 (m, 4H), 7.21-7.13 (m,
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2H), 6.88 (dJ = 8.3 Hz, 1H), 6.53 (d] = 2.4 Hz, 1H), 6.48 (dd] = 8.4, 2.4 Hz, 2H), 6.42 (d,

= 2.4 Hz, 1H), 5.53 (1) = 7.7 Hz, 1H), 5.17-5.01 (m, 2H), 4.60 (ddit 10.6, 6.7, 3.1 Hz, 1H),
3.98-3.90 (m, 2H), 3.81 (s, 3H), 3.68 (s, 3H), (&53H), 3.34-3.23 (M, 2H), 3.02 (dti= 13.3,
7.3 Hz, 1H), 2.55 (dd] = 13.3, 10.0 Hz, 1H), 1.01 (s, 9H), 0.29 (s, 3B128 (s, 3H)°C NMR
(100 MHz, CDC4) & 174.9, 159.9, 158.3, 156.5, 154.8, 152.4, 1358,0, 129.5, 129.3 (2C),
128.9 (2C), 127.2, 123.2, 120.1, 108.1, 107.1, 1,098.6, 94.6, 65.7, 55.8, 55.6, 55.4, 55.3,
42.7, 37.7, 32.5, 25.9 (3C), 18.34.1, -4.2; ESI-HRMS: calcd. for GsHsgNOsSi 636.2987

[M+H]*; found 636.2979.

Deprotection of MOM group
A solution of deoxygenated aldol produet)-20 (1 g, 1.98 mmol) dissolved in 3 M HCI in

methanol (10 mL) was refluxed and the reaction wamitored by TLC. After 30 min, the

reaction was cooled to OC, quenched with saturated NaHEC(@0 mL), methanol and was

evaporated. The reaction mixture was extractedgusithyl acetate (2 x 20 mL) and the
combined organic layer was dried over anhydrous ®lgS®oncentrated and purified using
column chromatography to obtain phenol 2d)as a colorless viscous (0.78 g, 1.7 mmol, 85%).
(R)-4-Benzyl-3-(§)-3-(2-hydroxy-4-methoxyphenyl)-2-(4-ethoxyphenytpanoyl)oxazolidin-
2-one(+)-21:

[a]3® = +37.1 (c = 0.21, CHg); IR (cm—1): 3388, 2928, 1777, 1695, 1620, 1510, 1164, 1181,
and 1033H NMR (400 MHz, CDC}) § 7.40 (d,J = 8.7 Hz, 2H), 7.25-7.15 (m, 4H), 7.03 {d,

= 8.3 Hz, 1H), 6.99-6.88 (m, 4H), 6.48 (d= 2.5 Hz, 1H), 6.45 (dd] = 8.3, 2.6 Hz, 1H), 5.21

(dd,J = 11.0, 4.3 Hz, 1H), 4.68 (t§,= 8.5, 3.3 Hz, 1H), 4.09 (§ = 8.5 Hz, 1H), 4.02 (dd] =
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9.1, 3.1 Hz, 1H), 3.82 (s, 3H), 3.76 (s, 3H), 3(d8,J = 14.3, 11.1 Hz, 1H), 3.07 (dd,= 13.5,
3.5 Hz, 1H), 2.76 (ddj = 14.4, 4.3 Hz, 1H), 2.56 (dd,= 13.5, 8.9 Hz, 1H)**C NMR (100
MHz, CDCh) 5 175.8, 159.7, 159.1, 155.1, 152.3, 134.6, 13139,2, 129.6 (2C), 129.4 (2C),
128.9 (2C), 127.3, 117.8, 114.3 (2C), 107.0, 108537, 55.3, 55.2, 54.8, 50.8, 37.1, 3ES-

HRMS: calcd. for GsH2gNOg 462.1911 [M+H]; found 462.1917.

MOM group deprotection of§-20 produced-)-21 as viscous liquid in 87% yield.
(9-4-benzyl-3-(R)-3-(2-hydroxy-4-methoxyphenyl)-2-(4-methoxyphenydpanoyl)oxazolidin-
2-one(-)-2L

[a]3° = -34.7 (c = 0.15, CHG); IR (cm—Y): 3388, 2928, 1777, 1695, 1620, 1510, 1181 and
1033;'H NMR (400 MHz, CDC})  7.41 (d,J = 8.6 Hz, 2H), 7.267.13 (m, 4H), 7.03 (d] =
8.3 Hz, 1H), 6.97-6.93 (m, 2H), 6.92 (s 8.6 Hz, 2H), 6.48 (d] = 2.5 Hz, 1H), 6.45 (dd]} =
8.3, 2.6 Hz, 1H), 5.21 (dd,= 11.0, 4.3 Hz, 1H), 4.68 (tf,= 8.5, 3.3 Hz, 1H), 4.09 (§ = 8.5
Hz, 1H), 4.02 (ddJ = 9.1, 3.1 Hz, 1H), 3.82 (s, 3H), 3.76 (s, 3H%53(dd,J = 14.3, 11.0 Hz,
1H), 3.07 (ddJ = 13.5, 3.5 Hz, 1H), 2.77 (dd,= 14.4, 4.3 Hz, 1H), 2.56 (dd,= 13.5, 8.9 Hz,
1H); *3C NMR (100 MHz, CDCJ) § 175.9, 159.9, 159.2, 155.3, 152.5, 134.8, 1330,3L(2C),
129.8 (2C), 129.5 (2C), 129.0 (2C), 127.4, 118D4.4 (2C), 107.1, 102.9, 65.9, 55.4, 55.4,

55.0, 50.9, 37.3, 34.ESI-HRMS: calcd. for G;H2gNOg 462.1911 [M+H]; found 462.1891.

Reduction

(9-2-(3-Hydroxy-2-(4-methoxyphenyl)propyl)-5-methoxgnol (+36

To a suspension of LiAlH(4 g, 105 mmol) in THF (25 mL) at T, solution of the compound
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(+)-21 (24 g, 52 mmol) in THF (150 mL) was added dropvasel stirred for 4 hours at room

temperature. Then the reaction was cooled t&€€0and carefully quenched with a dropwise

addition of saturated NaOH (50 mL). THF was evafgataand the resulting solution was
extracted with ethyl acetate (3 x 50 mL) and sdpdradried over anhydrous Mg$@nd
isolated using flash chromatography to producertades liquid(+)-6 (13.5 g, 47 mmol, 90%),
which was solidified on standing.
(9-2-(3-Hydroxy-2-(4-methoxyphenyl)propyl)-5-methoxgmnol (+}6:

[a]3° = +31.6 (c = 0.185, CHg); IR (cm—1): 3342, 2930, 2836, 1614, 1510, 1441, 1285, 1242,
1178, 1031, 958, and 8284 NMR (400 MHz, CDC}) § 7.15 (d,J = 8.8 Hz, 2H), 6.86 (d] =

8.8 Hz, 2H), 6.81 (dJ = 8.5 Hz, 1H), 6.44 (d] = 2.5 Hz, 1H), 6.39 (dd] = 8.3, 2.5 Hz, 1H),
3.80 (s, 3H), 3.74 (bs, 5H), 3.08 (db= 13.5, 8.4 Hz, 1H), 2.98 (dd,= 9.9, 4.8 Hz, 1H), 2.82
(dd, J = 13.5, 5.0 Hz, 1H)**C NMR (100 MHz, CDC}) 5 159.4, 158.4, 155.5, 134.6, 131.9,
128.8 (2C), 118.0, 114.0 (2C), 106.3, 102.1, 65513, 55.3, 47.5, 31.&SI-HRMS: calcd. for
C17H2104 289.1434 [M+H]; found 289.1433.

Reduction of{)-21 with LAH produced {)-6 as a viscous liquid and solidified on standing.
(R)-2-(3-Hydroxy-2-(4-methoxyphenyl) propyl)-5-methgtyenol(-)-6:

[a]3® =-33.3 (c = 0.19, CHG); IR (cm): 3351, 2931, 2836, 1737, 1615, 1511, 1441, 1285,
1243, 1159, 1108, 1032, 958, and 829;NMR (400 MHz, CDC}) 5 7.15 (d,J = 8.6 Hz, 2H),
6.86 (d,J = 8.6 Hz, 2H), 6.81 (d] = 8.3 Hz, 1H), 6.44 (d] = 2.5 Hz, 1H), 6.39 (dd} = 8.3, 2.6

Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 3.74 (t, 2B)98 (dd,J = 13.6, 8.5 Hz, 1H), 2.98 (dq,=

9.9, 5.0 Hz, 1H), 2.82 (dd, = 13.6, 5.0 Hz, 1H)**C NMR (100 MHz, CDC}) § 159.4, 158.4,

155.6, 134.6, 131.9, 128.8 (2C), 117.9, 114.0 (20%.3, 102.1, 65.1, 55.3, 55.2, 47.4, 31.4;
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ESI-HRMS: calcd. for G7H2104289.1434 [M+HTJ; found 289.1441.

(9-2-(2-(2,4-Dimethoxyphenyl)-3-hydroxypropyl)-5-(thexymethoxy)phenol (+Y

To a suspension of LIAIH(0.2 g, 5.13 mmol) in 15 mL THF (15 mL) af @, solution of R)-4-

benzyl-3-((S)-3-(2-((tert-butyldimethylsilyl)oxy-@methoxy-methoxy)phenyl)-2-(2,4-

dimethoxyphenyl)propanoyl)oxazolidin-2-one {22 (1.18 g, 1.86 mmoljn THF (50 mL) was

added dropwise and stirred overnight at room teatpeg. Then the reaction was cooled €0

and quenched with the careful addition of saturdte®H (10 mL) and extracted with ethyl
acetate (3 x 20 mL). The combined organic layersewkied over anhydrous MgQOTLC
indicated a mixture of the expected alcohol alorithvmonosilylated alcohol as the major
product. Without further purification, the mixtuveas subjected to desilylation using TBAF in
THF. After workup, the crude mixture was purifiesing flash chromatography to produce diol
(+)-7 (0.58 g, 1.65 mmol, 89%) as a colorless, viscaysdi.
(9-2-(2-(2,4-Dimethoxyphenyl)-3-hydroxypropyl)-5-(thexymethoxy)phenoH()-7:

Yield 89%; Colorless viscous liquida]%® = +26.9 (c = 1.0, CHG); IR (cm‘): 3362, 2954,
1615, 1588, 1508, 1467, 1292, 1210 and 1#38YMR (400 MHz, CDC}) & 7.14 (d,J = 8.3
Hz, 1H), 6.88 (d,) = 8.3 Hz, 1H), 6.60 (d] = 2.4 Hz, 1H), 6.55-6.41 (m, 3H), 5.12 (s, 2HR2.
(s, 3H), 3.80 (s, 3H), 3.80-3.66 (m, 3H), 3.473(4), 3.32 (dtJ = 9.6, 4.6 Hz, 1H), 3.04 (dd,=
14.0, 9.6 Hz, 1H), 2.74 (dd,= 14.0, 4.6 Hz, 1H**C NMR (100 MHz, CDC}) 5 159.5, 157.7,
156.9, 155.8, 131.7, 128.5, 123.4, 119.8, 108.3,5,0104.2, 98.9, 94.4, 63.5, 55.9, 55.5, 55.4,

41.3, 30.5ESI-HRMS: calcd. for GoHps06 349.1646 [M+H]; found 349.1655.
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Similarly, the reduction of{)-22 with LAH produced diol,«)-7 in 74% yield.
(R)-2-(2-(2,4-Dimethoxyphenyl)-3-hydroxypropyl)-5-(th@xymethoxy)phenoH)-7:

[a]?® = —24.4 (c = 1.0, CHG) ; IR (cm—Y): 3391, 2939, 1615, 1588, 1506, 1290, 1210, 1154,
and 1015*H NMR (400 MHz, CDC}) § 7.15 (d,J = 8.3 Hz, 1H), 6.89 (d] = 8.3 Hz, 1H), 6.61

(d, J = 2.4 Hz, 1H), 6.57-6.42 (m, 3H), 5.13 (s, 2HRA3(Ss, 3H), 3.81 (s, 3H), 3.79-3.70 (m,
2H), 3.47 (s, 3H), 3.29 (dd,= 9.3, 4.6 Hz, 1H), 3.04 (dd,= 14.1, 9..3 Hz, 1H), 2.73 (dd,=
14.1, 4.6 Hz, 1H)*C NMR (100 MHz, CDC}) & 159.7, 157.8, 157.1, 156.0, 131.8, 128.6,
123.5, 119.8, 108.5, 104.8, 104.3, 99.1, 94.6, ,63661, 55.6, 55.5, 41.7, 30.ESI-HRMS:

calcd. for GoH250s 349.1646 [M+H]; found 349.1645.

Intramolecular Mitsunobu cyclization

To the alcohol, $-2-(3-hydroxy-2-(4-methoxyphenyl)propyl)-5-methoxgnol (+)6 (10.0 g,
34.7 mmol) dissolved in THF (125 mL) at room tengtere, triphenyl phosphine (30 g, 114
mmol) was added, followed by diisopropyl azodicaidate (23 g, 114 mmol), dropwise, and
stirred for 6 h. Then the solvent was removed amndfipd using flash chromatography with 7%
ether in hexanes to obtain){23 as a pale pink solid (8.1 g, 30 mmol, 86 %).

Alternatively, a solution of the alcohol ¢6)(1.0 g, 3.47 mmol) in anhydrous toluene (25 mL)
was added to suspension of tosyl chloride (1.46.6¢6 mmol) and potassium carbonate (2.4 g,
17.4 mmol) in anhydrous toluene (50 mL). The résglsolution was heated to reflux and the
reaction was monitored by TLC. After 5h, the mietwvas cooled to room temperature, filtered
over celite and washed with toluene (2 x 15 mL)e Tlombined layers were concentrated and

purified by flash purification with 7% ether in hanes to yield<)-23 as a pale pink solid (0.73g,
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2.70 mmol, 78%).

(9-7-methoxy-3-(4-methoxyphenyl)chromafg-23:

[a]3® = -12.2 (c = 0.66, CHG); IR (cm™"): 2961, 2039, 1886, 1613, 1584, 1505, 1460, 1441,
1330, 1302, 1248, 1201, 1158, and 1026;NMR (400 MHz, CDC}) § 7.17 (d,J = 8.5 Hz,
2H), 6.99 (dJ = 8.3 Hz, 1H), 6.90 (d] = 8.6 Hz, 2H), 6.49 (dd] = 8.3, 2.6 Hz, 1H), 6.44 (d,

= 2.6 Hz, 1H), 4.31 (dd] = 10.6, 2.9 Hz, 1H), 3.98 (§,= 10.6 Hz, 1H), 3.81 (s, 3H), 3.78 (s,
3H), 3.18 (tddJ = 10.5, 7.1, 3.5 Hz, 1H), 2.99-2.89 (m, 2 NMR (100 MHz, CDG) 5
159.1, 158.6, 155.0, 133.4, 130.2, 128.3 (2C), 2{&C), 107.3, 101.4, 71.1, 55.3, 55.3, 37.9,

31.9;ESI-HRMS: calcd. for G/H1903271.1329 [M+HT; found 271.1339.

Similarly, (+)23 was prepared from-)-6 using TsCl and potassium carbonate and subseguentl
demethylated with pyridinium hydrocholride resudtim (+)}equol (+}4 with data identical to

the reported datH.

Similarly, the intramolecular Mitsunobu cyclization (+)-7 produced compound (24 in 86%
yield.

(9-3-(2,4-Dimethoxyphenyl)-7-(methoxymethoxy)chroragp) 24:

[a]3° = 49.2 (c = 1.0, CHG); IR (cm™1): 2933, 1616, 1506, 1467, 1261, 1208 and 11B4;
NMR (400 MHz, CDC}) & 7.03 (d,J = 8.3 Hz, 1H), 7.00 (dJ = 9.1 Hz, 1H), 6.64-6.54 (m,
2H), 6.54-6.42 (m, 2H), 5.15 (s, 2H), 4.32 (ddd; 10.4, 3.4, 2.0 Hz, 1H), 4.01 (= 10.3 Hz,

1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.65-3.49 (m, 1349 (s, 3H), 3.00 (dd,= 15.8, 10.8 Hz, 1H),

2.89 (dd,J = 15.7, 3.9 Hz, 1H)**C NMR (100 MHz, CDC}) § 159.7, 158.3, 156.6, 155.1,
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130.2, 127.6, 121.8, 116.1, 108.8, 104.4, 104.17,984.6, 70.2, 55.9, 55.4 (2C), 31.6, 30.5.

ESI-HRMS: calcd. for GoH2305 331.1540 [M+H]; found 331.1543.

Similarly, (-)-24 was prepared from-J-7 in 83% vyield.
(R)-3-(2,4-Dimethoxyphenyl)-7-(methoxymethoxy)chroran)-24:

[a]3° = -10.6 (¢ = 1.0, CHGJ; IR (cm—?): 2933, 1618, 1587, 1506, 1467, 1261, 1154, 1444,
1033;'H NMR (400 MHz, CDC}) § 7.02 (d,J = 8.2 Hz, 1H), 6.99 (dJ = 9.1 Hz, 1H), 6.62—
6.55 (M, 2H), 6.52-6.42 (m, 2H), 5.14 (s, 2H), 4@dd,J = 10.2, 3.5, 2.0 Hz, 1H), 4.00 (=
10.2 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.63-3@9 1H), 3.48 (s, 3H), 2.99 (dd= 15.7, 10.6
Hz, 1H), 2.88 (ddJ = 15.7, 4.2 Hz, 1H)**C NMR (100 MHz, CDC}) & 159.8, 158.4, 156.7,
155.2, 130.3, 127.7, 122.0, 116.2, 109.0, 104.8,31(08.9, 94.7, 70.3, 56.1, 55.5, 55.5, 31.7,

30.6;ESI-HRMS: calcd. for GgH230s 331.1540 [M+HT; found 331.1532.

Demethylation

The dimethoxy chromane )23 (18 g, 66.7 mmol) was dissolved in pyridine hydiockle (192

g, 148 mL, 1.67 mol), heated overnight at 18D and cooled to room temperature. After

neutralizing with excessive NaHGQaqueous), the mixture was extracted with didroethane
(3 x 100mL). The crude product was further puriftedcolumn chromatography using diethyl
ether in hexanes to yield white solid in 88% yidl#4.2 g, 58.7 mmol).
(9-3-(4-Hydroxyphenyl)chroman-7-alS)-(-)-Equol (-)-4:

[a]3° = —19.5 (c = 1.05, MeOH), fit [a]3° = 13 (c = 0.21, EtOH)!H NMR (400 MHz,

CD;0D) § 7.09 (d,J = 8.5 Hz, 2H), 6.88 (d] = 8.2 Hz, 1H), 6.76 (d] = 8.5 Hz, 2H), 6.33 (dd)
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= 8.2, 2.5 Hz, 1H), 6.25 (d, = 2.5 Hz, 1H), 4.20 (ddd) = 10.5, 3.6, 1.8 Hz, 1H), 3.91 (=
10.5 Hz, 1H), 3.05 (tdd] = 10.2, 6.0, 3.6 Hz, 1H), 2.93-2.77 (m, 2f0. NMR (100 MHz,
CD;OD) § 157.6, 157.3, 156.3, 133.8, 131.2, 129.3 (2C),4.(BC), 114.6, 109.1, 103.8, 72.2,
39.4, 33.0.

MOM group deprotection

The chromane (+24 (0.034 g, 0.1 mmol) was dissolved in freshly preda3 M HCI in

methanol (2 mL). After stirring for 30 min, the tilal suspension turned into clear solution which

was stirred for additional 15 min at room tempemtdThe reaction was cooled t6®, carefully

guenched with saturated NaHg6&blution. The whole mixture was concentrated umdduced
pressure and the resulting mixture was purifiedflagh chromatography with 10-15% ethyl
acetate in hexanes to obtain brown-red crystadloligl (+)-5 (25 mg, 0.087 mmol, 86%).

(9-3-(2,4-Dimethoxyphenyl)chroman-7-oE)(Sativan (+)5:

[a]2° = +8.5 (c = 1.0, CHG); MP: 125°C; IR (cm—): 3363, 2928, 2840, 1616,1508, 1300,

1210, 1158, 1117, 1033, and 7849;NMR (400 MHz, CDC}) & 7.03 (d,J = 8.3 Hz, 1H), 6.94
(d,J = 8.1 Hz, 1H), 6.55-6.43 (m, 2H), 6.43-6.30 (M), 25118 (bs, 1H), 4.30 (ddd,= 10.2,
3.2, 1.9 Hz, 1H), 4.00 (] = 10.1 Hz, 1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.87J = 9.8, 5.1 Hz,
1H), 2.97 (ddJ = 15.6, 10.7 Hz, 1H), 2.86 (dd,= 15.6, 5.2 Hz, 1H)**C NMR (100 MHz,
CDCly) § 159.6, 158.3, 155.1, 154.9, 130.4, 127.5, 12118,8, 107.9, 104.1, 103.2, 98.7, 70.1,

55.4, 55.3, 31.5, 30.ESI-HRMS: calcd. for G7H19 O4 287.1278 [M+H]; found 287.1290.

Similarly, (-)-5 was prepared from-}-24 in 88% vyield.

(9-3-(2,4-Dimethoxyphenyl)chroman-7-oR) Sativan {)-5:
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[a]2® =-9.5 (c = 1.0, CHG) lit -8 (c 0.28, MeOH}/ 9.9 (c 0.33, MeOH$;MP: 127°C; lit*

128-129°C, 129-130°C;* IR (cm—%): 3404, 2935, 1616, 1508, 1460, 1158, 1117 an®;1'68

NMR (400 MHz, CDC4) & 7.02 (d,J = 8.2 Hz, 1H), 6.94 (dJ = 8.1 Hz, 1H), 6.53-6.43 (m,
2H), 6.43-6.33 (m, 2H), 5.06 (bs, 1H), 4.30 (d¢; 10.3, 1.4 Hz, 1H), 4.00 @,= 10.1 Hz, 1H),
3.81 (s, 3H), 3.81 (s, 3H), 3.56 ({t= 9.8, 4.5 Hz, 1H), 2.97 (dd,= 15.7, 10.5 Hz, 1H), 2.86
(dd, J = 15.6, 4.5 Hz, 1H)'*C NMR (100 MHz, CDC}) § 159.8, 158.4, 155.3, 155.0, 130.5,
127.7, 122.0, 114.9, 108.0, 104.3, 103.3, 98.8,786.5, 55.5, 31.7, 30.ESI-HRMS: calcd.

for Cy7H1904 287.1278 [M+HJ; found 287.1290.
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