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Abstract

This research work involves concise syntheses of four tetrahydropyranyl diaryl-
heptanoids isolated from Disocorea villosa. These natural products displayed anti-
neuroinflammatory activity (inhibitory effect on nitric oxide production in LPS-activated
murine microglia BV-2 cells) with low cell toxicity. The key synthetic features include Prins
cyclization to construct the tetrahydropyran cores, Keck asymmetric allylation and
Mitsunobu inversion. Optimization of the Prins cyclization conditions in order to minimize
racemization has been described. Qur syntheses also confirmed the absolute
stereochemistry of the natural products. The four synthetic compounds and some synthetic
intermediates were evaluated for antidiabetic activity via protective action against INS-
1832/13 pancreatic B-cells through antiapoptosis as well as cytotoxic activity against human

colorectal adenocarcinoma (HT-29) cell line.
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The diarylheptanoids are a group of plant secondary metabolites possessing the 1,7-
diphenylheptane skeleton, which exhibit a wide range of biological properties such as anti-
inflammatory, antioxidant, anticancer, antibacterial and antiosteoporotic activities. A
subgroup of these diarylheptanoids are those possessing tetrahydropyran (THP) rings which
have been shown to display interesting biological activities. In 2012, Chen and co-workers
reported the isolation of five new cyclic diarylheptanoids containing THP cores (1-5) from
the methanol extracts of the roots and rhizomes of Dioscorea villosa (wild yam) (Figure 1).
The absolute configurations of 1-5 were proposed based on the Mosher’s ester analysis. In
2013, Lee and co-workers disclosed the isolation of tetrahydropyranyl diarylheptanoids 1, 3
and 5 from the rhizomes of Dioscorea nipponica along with two new tetrahydropyranyl
diarylheptanoids, diosniponols A and B. In Lee’s study, compounds 1, 3 and 5 displayed anti-
neuroinflammatory activity (inhibitory effect on nitric oxide production in LPS-activated
murine microglia BV-2 cells) with low cell toxicity. Further investigation on this group of
compounds could be beneficial for drug discovery in neurodegenerative diseases such as
Alzheimer’s disease as well as other related diseases. Thus, this research work involved
syntheses of four tetrahydropyranyldiarytheptanoids (1-4) in order to confirm the structures
and the proposed absolute stereochemistry of the natural products as well as to further
evaluate their biological activities.
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Figure 1. Tetrahydropyranyldiarylheptanoid isolated from D. villosa and D. nipponica and
inhibitory effects on NO production in LPS-activated murine microglia BV-2 cells of
diarylheptanoids 1, 3 and 5.
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To synthesize diarylheptanoids 1-4 in order to confirm the structures and the proposed
absolute stereochemistry of the natural products as well as to further evaluate their biological
activities
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The synthesis of tetrahydropyranyl diarylheptanoids 1-4 has been accomplished
utilizing the key Prins cyclization reaction of benzaldehyde and chiral homoallylic alcohol
derivatives. The chiral homoallylic alcohol starting material was prepared using Keck
asymmetric allylation to install the stereogenic center in high enantioselectivity. Original
attempts were performed using perrhenic acid-catalyzed Prins cyclization reactions. Although
the optimal O;ReOH-catalyzed Prins cyclization could lead to the desired tetrahydropyran
(THP) skeleton in good yield, the racemization occurred under these conditions and led to
significant loss of enantiopurity in the product (Scheme 1). Therefore, different Prins
cyclization conditions using trifluoroacetic acid (TFA) and BF;-OFEt, as acid promoters were
investigated. TFA-mediated Prins cyclization reaction led to a messy reaction and a number
of side products were observed. ThePrins cyclization reaction using a combination of
BF;-OFEt,, acetic acid (AcOH) and trimethylsilyl acetate (TMSOACc) led to the formation of
the desired THP product in 36% yield (48% yield based on recovered starting material). To
our delight, the BF3;-OEt,-mediated conditions gave good enantiointegrity and resultedin a
small loss of the optical purity (88% ee) of the desired THP product. We thus employed these
optimal BF;-OEt,-mediated Prins cyclization conditions to complete the total synthesis of
tetrahydropyranyl diarylheptanoids 1-4 with slight modification of protecting group to the
acetyl (Ac) group for the purpose of increasing the product yield and reducing the number of
synthetic steps.

OH
O 7
~ Nyt aq OsReOH (50 mol%)
P HO CH,Cl, , 1t O o O
BnC - 64% yield
6 (R)-7 0S0,Ph oy B0 . 8 080,Ph
98% ee 51% ee
OAc
e 7
oo BF;-OEt,, AcOH, TMSOAC
HO CH,Cl,, 0 °Ctort O o O
BnO 36% yield
6 (R)-7 0S0,Ph oy 9
98% ee 2 (48% brsm) BnO 86% o 0S0,Ph

Scheme 1. Prins cyclizations of benzaldehyde 6 and (R)-homoallylic alcohol 7 under
0O3ReOH-catalyzed and BF;-OEt;-mediated conditions.

The synthesis of tetrahydropyranyldiarylheptanoids1-4 is outlined in Schemes 2 and
3. Aldehyde 11, which was a common intermediate required for the synthesis of chiral
homoallylic alcohols (R)-12 and (S)-12, was prepared in 5 steps from 4-hydroxybenzaldehyde
(10). Keck allylation of 11 using (S)-BINOL and Ti(Oi-Pr)s catalysts furnished homoallylic
alcohol (R)-12 in 54% yield and 96% ee. Prins cyclization of (R)-12 and 4-
acetoxybenzaldehyde (13) under the established BF;-OEt;-mediated conditions gave the THP
product 14 in 53% yield and 85% ee. Although the enantiopurity of the THP product obtained
from these acetate-protected substrates was slightly lower than that of 9, the product yield



was significantly higher and we selected these optimized substrates and reaction conditions to
complete the synthesis of diarylheptanoid natural products 1-4. Methanolysis of the three
acetate groups of 14 using K,COj3 in methanol smoothly gave diarylheptanoid3 in 80% yield.
The spectroscopic data of 3 were identical to those of the natural product. The specific
rotation of 3 was determined to be [a]**p +36.5 (¢ 0.22, MeOH) which was nearly identical to
the specific rotation of the natural product ([a]?b +32.9 (¢ 0.22, MeOH)) and thus confirmed
the absolute configurations of (1R,3S,5R) assigned to the natural product by Lee and co-
workers. Diarylheptanoid 3 was subjected to Mitsunobu inversion, followed by methanolysis
to give diarylheptanoid 4. The specific rotation of 4 was determined to be [a]**p +180.6 (¢
0.02, MeOH) which was in accordance with that of the natural product ([a]*’p +190.2 (¢
0.02, MeOH)) and thus confirmed the absolute configurations of (1R,3R,5R) assigned to the
natural product.
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5 steps (S)-BINOL, Ti(Qi-Pr),, =
H —— o% allylSnBus, 4A MS
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Scheme 2. Preparation of (R)-homoallylic alcohol 12 and syntheses of 3 and 4.

Syntheses of diarylheptanoids 1 and 2 were completed using the same synthetic
sequence (Scheme 3). Keck allylation of 11 using (R)-BINOL and Ti(Oi-Pr)4 catalysts gave
(S)-homoallylic alcohol precursor 12 in 44% yield and 96% ee. Prins cyclization of (S)-12
and 4-acetoxybenzaldehyde (13) under the same BF;-OEt;-mediated conditions gave the THP
product 15 in 45% yield and 96% ee. Notably, the key Prins cyclization of (S)-12 resulted in
no loss of optical purity of the product. Following the same synthetic operations for 3 and 4,
mcthanolysis of 15 afforded diarylheptanoid 1 in 87% yield. Mitsunobu inversion of 1 and
subsequent methanolysis smoothly furnished diarylheptanoid2. Spectroscopic data of both
syntheticl and 2 were indistinguishable to those reported for the natural products. In addition,
synthetic compounds 4 and 6 displayed nearly identical specific rotations to those of the
natural products which confirmed their absolute configurations.
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Scheme 3.Synthesis of the natural products 1 and 2.

Synthetic compounds 1-4 and some synthetic intermediates were evaluated for
antidiabetic activity via protective action against INS-1832/13 pancreatic B-cells through
antiapoptosis as well as cytotoxic activity against human colorectal adenocarcinoma (HT-29)
cell iine. The protective activity assay against INS-1 832/13 pancreatic [3-cells was performed
by the laboratory of Professor Xu Shen, CAS Key Laboratory of Receptor Research,
Shanghai Institute of Materia Medica, Shanghai, China. The cytotoxic activity against HT-29
cell line was performed using MTT assay by the laboratory of Assoc. Prof. Dr.Chatchai
Muanprasat, Mahidol University, Thailand. For the INS-1 cells protection assay, it was
observed that only diarylheptanoid 3 showed 71% protection rate at 20 uM whereas
diarylheptanoids 1,2 and 4 were inactive. For the cytotoxic activity assay against HT-29
colon cancer cells, compounds 1-3 exhibited good cytotoxic activity (79%, 76% and 67%,
respectively) while diarylheptonoid 4 show much lower cytotoxic activity against this cell
line (29%). Nevertheless, some of the intermediates tested displayed significant and higher
protection activity and cytotoxic activity against HT-29 cancer cell line compared to
diarylheptanoids 1-4 (see Table 1 in Appendix).
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The diarylheptanoids are a group of plant secondary
metabolites passessing the 1.7-diphenylheptane skeleton, which
exhibit a wide range of biological properties such as anti-inflam-
matory, antoxidant, antcancer, antibacterial, and antiostroporotic
activities.” A subgroup of these diarytheptanoids are thase possess-
ing tetratyydropyran {THP }rings which have been shown to display
interesting biological activities, Selected examples of this subgroup
of diarylheptaneids awe illostrated in Figumr 1. DHospongin B {1},
isalated fram the chizames of Moscorea spongiosa, shows promis-
ing inlibitory activity on bone resarption and could potentially
be used as an antiosteoporotic drug® Centrolobine {23, which
ws isolated from the heartwood of Cengrelpbium robustum and
fram the stem of Brasimum potabile® exhibits ant-inflammatory,
antibactedal, and anti-kishmanial acivities® Additionally,
rhaiptelol B (3), isolated from the fruits of Rhoipteles chiliantha®
and the bark of Als kirsue ® possesses inhibitory activity against
lipopolysaccharide {IPS}induced nudear fador-xB {NFxB) acti-
vation, nitric oxdide {NO} and tumor necrosis factor alpha {TNF-o)
production” and hypada-inducible factor-1 (HF-1 } in AGS cells ®

In 2012 Chen and co-workers reported the isolation of five new
cyclic diaryiheptanaids containing THP cores {4-8 } from the metha-
nol extracts of the roots and thizomes of Diescoreavillasa! wild yam)
{Fig. 21The absolute configurations of 4-8 were proposed based on
the Maoshet's ester analysis. In 2013, Lee and co-workers disdosed
the isolation of tztrahydropy ranyl diandheptanoids 4,6 and & from
the rhizomes of Dissora nipponia along with ‘two new

* {amesponding suthor. Yel: <68 74 2R84XY; fax: +64 74 58841,
Eunad addvene: bwannuthsit@pmath (K Tadpach)

hitpe fode oo/ 10,107 6 et 211646, 1O
DO ATEHD 2018 Ehavier 1ad All nghts reserved .

tetrahydropyranyl darylheptanoids, diosniponols A and 8% InLee's
study, compounds 4, € and 8 displayed anti-neurcinflammatary
activity finhibitory effect on NOprodudion in IPS-activated murine
micrghia BV-2 celks Jwith low cdl toddity. Further investigationan
this group of compounds ould be beneficial for drug discovery in
neurodegenerative diseases such as Alzheimer's disease as well as
other related diseases.

To date, there has been only one report reganding the synthesis
of diarytheptanoid § by Yadav and ca-workers { Scheme 1% Their
strategy o construct the 4-hydroxytetrahydropyran {4-0H THP}
core wlied on the selective hydmgenation and mdudion of
dihydropyrone 13, which could be prepared from the aldal reaction
between aldehyde 18 and acetophenone 11. Diarylheptanoid §
wuld be synthesized in 2 steps from aldehyde 8 in 20% overal
yiekl.

The Prins cyclization maction is a powerful synthetic
transformation for constructing substituted THP rings'' and has
been wtilized in 2 number of syntheses of natural products contain-
ing the 4-0H THP muotif ? Typically, Prins oyclization rmctons
involve the acid-pomoted coupling of aldehydes and homoallylic
akohols and proceed with high level of stereoselectivity favoring
2.4.5-cis THF rings.* Typical acids used include trifluornacetic acid
{TFA}Y™ or a combination of BFsOFt; and acetic acid. ™ In 2008,
Tadpetch and Rychoovs ky reported a variation of the Prins cydiza-
tion reaction which was catalyzed by OaRe0SiPhy or OaReGH as a
convenient method to constnuct 4-0H THPs.'® This protom) was
highly effective with electron-rich aramatic aldehydes. fn addition,
both equatorial 4-0H and axial 4-0OH products are possible using
this catalyfic system depending on the dectronic natum of both
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the aklehyde and homaallylic alkcobaol. Thus, it was envisioned that
the desired natural products 4-7 could be prepared with this
methodology from berzaldehyde detivative 15 and chiral homaoal-
Iylic alocohol 16 utilizing the commercially available and easy-to-
handle perrhenicacid {5cheme 2} Notably, the desited axial ydro-
xyl stereochemistty of compounds & and 7 would be directly
acepssed rather than the 2.4,6-ds stereoisomer typicaly obtained
fram the Prins reactions.

Our synthess commenced with optimization of the reaction
conditions using 3 racemic homoallylic alcohol precursor, Bffects
of the electranic properties of both substrates on the dizstersos-

TP .

electivity of the reacdon were ako investigated. Bt has beem
demonstrated by Rychnovsky and co-workers that the axial selec-
tivity of nucleophilic trapping at the 4-position of the THP ring is
a function of the lifetime and reactivity of the tetrahydropymanyl
cation and the mudecphile, and could be tuned by altering the
electronic properties of the substrates ¥ We thus investigated
the effect of electron-donating and electron-withdrawing sub-
stituents {R! and B% on the reaction outcome, Beneyl {Ba} and
hemzenesulfonyl (S0,Ph) protecting gmoups were chosen as repe-
sentative ekectron-donating and electran-withdrawing groups,
respectively. -
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The synthesis of aldehyde and racemic homoallylic alaohol
precursars for reaction optimization is described in Scheme 3 The
benzaldehyde preairsors wece prepared by protection of the
hydroxyl group of 4$hydoxybenzaldehyde (18] with a benzylora
benzenesulfony! groun Treatment of 18 with BaBrin the pressnce
of KxC0Oy in DMF at room temperature yielded 4-benzyloxyben-
zaldehyde (18] in quantitative vield, whilz $-benzenesulfonyboxy-
henzaldehyde (20} was prepared in £3% yidd by treating 18 with
benzenesulfonyl chloride and EtzN in CH,(4 at rt. Horner-Wads-
worth-Ermmaons {HWE] teactions of aldehydes 18 and 26 using
triethylphosphoncacetate and NaH gave o f-unsaturated esters 21
and 22 in good yields Hydrogenation of the slkene moiety in 21
and 22 uzing PAfC in EtDAC fumiished esters 23 and 24, which after
subjection to LIAIH, meduction defvered aloohels 25 and 26 in
excellent yields. Oxidation of 25 and 26 with indoxybenzoic acid
{1BX} in DMSO-CHAL wsulted in the formation of the
correspanding aldehydes 27 and 28 Treatrment of 22 and 28 with
allylmagnesium bromide yidded the desired racemic homoallylic
alcchols 28 and 36 in 57% and 65% yield, respectively.

With the aldehyde and racemic hameallylic alcahal precursers
in hand, we began investigating the effect of both substrates’ pro-

tecting groups on product yields and stecceselectivity {Table 11
Reaction condtionsusing 10 mol R ofthe O:Re0H atalystin CH O,
0.1 M) at room temperatiure weme initially chosen. When both R
and R? were electron-withdrawing groups (S0,Ph}, the reaction
wasvery slow and low yields of the desired products were obtaimed ;
hawever, the axial 4-0H THF produdt {31ax} was cbserved as a
mingr product, while the expected equatarial 4-0H THP 3eq was
obtained as 2 major product {entry 1}, Increasing the catalyst
lnading to 20 mol % enly slightly improved the praduct yield but
the stereoselectivity for the formation of the axial 4-OH product
decreased {entry 2} Changing the phenol proterting group on the
homwallylic akohol to an dectron-donating group {Bn} led to trace
amounts of the desired produds and the major products observed
wer 4-0H THPs resulting from oxonia-Cope induced side-chain
exchanges {eotries 3 and 4} which was consistent with previous
ohservations. 4% When using an dectron-rich aldeiyde and an
electron-withdrawing substituent on the homaallylic alcohol, the
desired 4-0H THP produst was obtained in 43% yield with
wmplete equatorial stereoselectivity for nudeophilic trapping at
the 4-pacition {entry 5}. Increasing the catalyst loadings to 15 30
and 40 mol % lad to moderately higher yields {entries 6-8}. It was
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found that 50 mol X catalyst gave the highestyield of 64% {mtry 9.
Highercatalyst laadings of 60, 80 and 100 mol S seemed to diminish
the yields {entries 10-12}. We then chose benzaldehyde 19 and
homoallylic altephol 30 as the optimized substraes for further
studies and decided that the stereochemistry of the alcohol
sterengenic center at the 4-pasition would be inverted vz 2
Mitsunobu reaction.

With aptimizaed substrates and reaction conditons in hand, we
proceeded to complete the natural product synthesis by using
enantiopure homoallylic aleohols {Zchame 4} Keck asymmetric
aliylaton ™ of aldchyde 28 using {5)-BINOL and Ti04#-Pry; catalysts
gave the (R-homoeally lic alcohol precursor 30 in 76% yield and 98%
ee as determined by chiral HPEC. The absolute configuration of the
newly genemted stereogenic center was confimned by Mosher's
method*? Pring cydization of {R}-30 and 4-benzyloxyhenzalde-
hyde {19} using S0mol% ORe0OH catalyst in CHy(L at room
temperature smaothly provided the desired {254R6S-THP pro-
duct 31 in 64X yield The enantopurity of 31 was determined by
chiral HPLC analysis of its acetate derivative {32) to be 515 er
which indicated the significant lass of enanbopurity resulting from
racemization which is a very common side-reaction of Prins
cydization reactions. Next, diffecent Prins cyclization conditions
utilizing TFA and BF;OFt; as acid promoters were investigated,
Prins cyclization of (R}-30 and benzaldehyde 18 in the presence
of TPA resulted in 2 messy reaction and a mumber of side-products
veere observed. However, the Pins cydization reaction of {(R}30
and benaaldehyde 19 using & combination of BF;-OFt,, AcOH and
TMSOAC as a fluaride trap in CHy0,% Ted to much deaner raction
compared ta that using TFA and the all-cis THP pmdua 32 was
ohtained in 36% yield (48% yield based on recovered {R}F301 To
our delight, the optical purity of THF product 32 was observed to
be 88% o Although the BF, OFt-mediated conditinns gave good
enanticintegrity, the product yield was diminished companed to
that of the O;Re0OH-catzlyzed tonditions. Additonally, three differ-
ent protecting g roups had to he emoved in erder to compleis the
nataral product. Thus, wse of the same protecting group for the
phenol moieties of both substrmtes would be advantageous to
reduce the synthetic steps. We dedded to use the acetate
protecting groups on both substrates as Willis and co-workers
had sucepssfully wtilized this protecting group in the synthesis of
2 novel tetrahydropyranyl diarylheptanoid isolated Fom Zingiber
offiinale

Sy nthesis ol {R:-hameatlylic deohol 38 was achieved in a similar
fashion to thatof {R}-30 withslight modifiation{Scheme 51 Wittig
olefination of 4-hydroxybenzaddeteede {18} with {carbethoxy-
methylenefriphenylphosphorane, followed by hydmgenation of
the resulting o, B-unsaturated ester gave ester 33 inexcellent yields.
Reduction of the ester fundrional group of 33 using LiAlH, furnished

diol 34 in 95% yidd. Sdective protection of the phenol group of 34
using 0.5 equiv of Ac;0 in the presence of EN and catalytic DMAP
delivered the monoacetylated product in 50% yield, which upan
subjection to [BX oxidation gave aldehyde 35 in 91% yield Keck
allylation of 35 using {S}-BINOL and Ti{0i-Prie catalysts gave
{ R}-homoallylic akohol precursor 36 in 54% yisdd and 96X ee. Prins
cyclization of {R}36 and 4-acrtoxybenzaldetyde {37} under the
established BF.-OEt,-mediated conditions gave the THP product
38 in 53% yield and 5% ce. Although the enantiopurity of the THP
product obtained from these aretate-protected substrates was
slightly lower than that of 32, the pmduat yield veas significantly
higher and we selected these optimized substrates and reaction
conditions to camplete the synthesis of diarylheptanoid natuml
preducts 4-7. Methamolysis of the three acetate zroups of 38 using
K;{0; in methanol smoathly gave diarylheptanaid § in 30% yield.
The spectrascopic data of 5 wermre identical to those of the natuml
product. The specific rotation of § was determined to be {28
+3.5{c 022 McOH) whithwas nearly identicalte the specific rota~
tion of the natural product {{x# +329{c 022, MeOH}} and thus
confimned the absolute configurations of {1R.35,5R} assigned to
the natural produat by Lee and co-workers. Diarytheptanoid 5 was
subjected to Mitsunobu inversion, followed by methanolysis o give
diarylheptangid 7. The spedfic rotation of 7 was determined to be
[=1E* +1806 {c 002, MeOH) which was in accerdance with that of
the naturel product {{F +1902 {r 002 MeOH]} and thus
confimmed the ahsolute configurations of {IR3IRSK} assigned to
the natural product.

Syntheses of disrylheptanoids 4 and 6 were completed using
the same synthetic sequence starting from {S}-homopatlytic alechaol
36 (Scheme 5} Keck allylation of 35 using (R-BINOL and THO-Pri
catalysts gave (Sr-hompaliylic akehol precumar 36 in 44% yield
and 96% ee_ Prins cyclization of (5136 and 4-acetnxybenzaldehyde
{37} under the same BF; OFty-mediated conditions gawe the THP
product 39 in 45% yield and 6% ee Notably, the key Prins qpdiz-
tion of {5+3€ msulted in no loss of optical purity of the produtt.,
Following the same synthetic opcmtions for § and 7, methanalysis
of 3% afforded diarylheptanoid 4 in 87% yield. Mitsuriobu inversion.
of 4 and subsequent methanolysis smoothly fucnished diarythep-
tanoid 6. Spectrascopic data of bath 4 and & wemr ndistinpuishable
to those reported for the natumsl products in addition, synthetic
compounds 4 and & displayed mearly identical specific rotations
to thase of the natuml produds which confirmed their absolute
configurations,

In condusion, we report concise syntheses of four diarylhep-
tamoids containing THP cores which were previously isolated
from Disscoma vilfese and Dioxoma nipponice, The key featires
of the syntheses indude Prins cydization to constroct the THP
cores as well a5 Kedt asymmetric allylation and Mitsunobu iover-
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sion Investigation of the Prins cydization conditions in order to
minimize racemization has been described Our syntheses also
confimned the absolute stereochemistry of the natural products
4-7.
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1. General Information

Unless otherwise stated, all reactions were performed under an argon atmosphere in
oven- or flamed-dried glassware. Solvents were used as received from suppliers or distilled
prior to use using standard procedures. All other reagents were obtained from commercial
sources and used without further purification. Column chromatography was performed on
SiliaFlash® G60 Silica (60-200 pm, Silicycle) or Silica gel 60 (0.063-0.200 mm, Merck).
Thin-layer chromatography (TLC) was performed on SiliaPlate™ R10011B-323 (Silicycle)
or Silica gel 60 Fys4 (Merck). 1H, BC and 2D NMR spectroscopic data were recorded on 300
MHz or 500 MHz Bruker FTNMR Uiltra Shield spectrometers. 'H NMR spectra are reported
in ppm on the & scale and referenced to the internal tetramethylsilane. The data are presented
as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad), coupling constant(s) in Hertz (Hz), and integration. Infrared (IR)
spectra were recorded on a Perkin Elmer 783 FTS165 FT-IR spectrometer. High-resolution
mass spectra were obtained on a liquid chromatograph-mass spectrometer (2690, LCT,
Waters, Micromass). The optical rotations were recorded on a JASCO P-1020 polarimeter.
Melting points were measured using an Electrothermal 9100 melting point apparatus and are
uncorrected. Enantiopurity was determined using HPL.C on an Agilent series 1200 equipped
with a diode array UV detector using either CHIRALCEL® OD-H column (15 c¢m) or
CHIRALPAK® AS-H column (15 cm) and a guard column (1 cm).

2. Experimentals and Characterization Data
2.1 General procedure for Horner-Wadsworth-Emmons olefination

To a solution of triethylphosphonoacetate (1.5 equiv) in THF (0.8 M) at 0 °C was
added NaH (60% in mineral oil, 2.5 equiv). The mixture was stirred at this temperature for
0.5 h and was added a solution of aldehyde derivative (1.0 equiv) in THF (0.8 M). The
suspension was stirred from 0 °C to room temperature overnight. H;O was then added and
the mixture was extracted with EtOAc (x3). The combined organic layers were washed with
brine, dried with anhydrous Na,;SO,4 and concentrated in vacuo. Purification of the crude
residue by column chromatography yielded the desired a,B-unsaturated ester derivative.

2.2 General procedure for hydrogenation

To a solution of a,B-unsaturated ester (1.0 equiv) in EtOAc (0.2 M) was added Pd/C
(5 wt.%, 10 mol%). The reaction mixture was stirred at rt under H, atmosphere. After
completion of reaction, it was filtered through a pad of Celite, washed with EtOAc and
concentrated in vacuo. Purification of the crude residue by column chromatography yielded
the ester derivative.

2.3 General procedure for LiAlH4 reduction

To a stirred suspension of LiAlHy (1.5 equiv) in THF (0.4 M) was added dropwise a
solution of ester derivative (1.0 equiv) in THF (0.3 M) at 0 °C. The reaction mixture was
stirred under argon from 0 °C to rt for 1 h. The reaction mixture was then added H,O, conc.
HCI and extracted with EtOAc (x3). The combined organic layers were washed with brine,
dried with anhydrous Na,;SOy and concentrated in vacuo. Purification of the crude residue by
column chromatography gave the corresponding alcohol derivative.
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2.4 General procedure for oxidation

To a stirred solution of 2-iodoxybenzoic acid (IBX) (1.7 equiv) in DMSO (0.3 M) was
added a solution of alcohol derivative (1.0 equiv) in CH,Cl, (0.2 M) at room temperature.
After completion of the reaction, it was filtered (CH,Cl, as an eluent), diluted with H,0 and
extracted with CH,Cl, (x3). The combined organic layers were washed with H,O (x2), dried
with anhydrous Na,SOy4 and concentrated in vacuo. Purification of the crude residue by
column chromatography gave the corresponding aldehyde derivative.

2.5 General procedure for allylation

To a solution of aldehyde derivative (1.0 equiv) in THF (0.5 M) was added allylMgBr
(1.0 M in Et,0, 1.5 equiv) at —78 °C. The reaction mixture was stirred from —78 °C to 0 °C
over 4 h before saturated NH4Cl was added. The organic layer was separated and the aqueous
layer was extracted with EtOAc (x3). The combined organic extracts were washed with brine
(20 mL), dried with anhydrous Na,SO4 and concentrated in vacuo. Purification of the crude
residue by column chromatography yielded the racemic homoallylic alcohol derivative.

2.6 General procedure for Keck allylation

To a stirred suspension of oven-dried 4 A molecular sieves in CH,Cl, were added (S)-
or (R)-BINOL catalyst (0.2 equiv) and 1.0 M solution of Ti(Oi-Pr)y in CH,Cl, (0.1 equiv).
The suspension became brownish red and TFA (0.005 equiv) was added. The reaction
mixture was heated at reflux for 4 h and then allowed to cool to rt. A solution of aldehyde
derivative (1.0 equiv) in CH,Cl, (0.05 M) was then added and the mixture was stirred for 0.5
h at room temperature. The reaction mixture was then cooled to —~78 °C and allyltributyltin
(1.2 equiv) was slowly added, stirred at the same temperature for additional 20 min before
being kept in a freezer (20 °C). After complete consumption of starting aldehyde, the
reaction mixture was filtered through Celite (CH,Cl, as an eluent) into a flask that contained
saturated aqueous NaHCOj solution and the resulting mixture was stirred for 1 h before the
organic layer was separated. The aqueous layer was extracted with CH,Cl, (x3). The
combined organic layers were washed with brine, dried with anhydrous Na;SO; and
concentrated invacuo. Purification of the crude residue by column chromatography afforded
the enantioenrichedhomoallylic alcohol derivative.

2.7 General procedure for O;ReOH-catalyzed Prins cyclization reaction

To a solution of homoallylic alcohol derivative (1.0 equiv) in CH,Cl, (0.1 M) was
added aldehyde derivative(1.2 equiv), followed by O3ReOH (65-70 wt% in H,O or 75-80
wt% in HyO) dropwise. The reaction mixture was stirred at room temperature overnight
before being concentrated invacuo. Purification of the crude residue by column
chromatography gave the 4-hydroxytetrahydropyran derivative.

2.8 General procedure for BF;-OEt;-mediated Prins cyclization reaction

To a solution of homoallylic alcohol derivative (1.0 equiv) and aldehyde derivative (1
equiv) in dry CH,Cl; (0.4 M) was added TMSOAc (5.0 equiv) and AcOH (7.0 equiv). The
mixture was cooled to 0 °C and BF3-OEt; (2.0 equiv) was added dropwise. The mixture was
allowed to warm to rt and stirred under argon overnight. The reaction mixture was quenched
with H,O and extracted with CH,Cl, (x3). The combined organic layers were washed with
brine, dried with anhydrous Na,SO4 and concentrated invacuo. Purification of the crude
residue by column chromatography gave the 4-acetoxytetrahydropyran product.
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2.9 General procedure for methanolysis

To a solution of ester derivative (1.0 equiv) in MeOH (0.3 M) was added K,CO; (1.5
equiv). The reaction mixture was stirred at rt for 1 h. H,O was then added and the mixture
was extracted with EtOAc (x3). The combined organic layers were washed with brine, dried
with anhydrous Na,SO4 and concentrated invacuo. Purification of the crude residue by column
chromatography gave the corresponding alcohol product.

2.10 General procedure for Mitsunobu reaction

To a solution of alcohol derivative (1.0 equiv) in toluene (0.36 M) were added PPh;
(4.4 equiv), 4-nitrobenzoic acid (4.8 equiv) and DIAD (4.2 equiv). The reaction mixture was
stirred overnight before saturated aqueous NaHCO; was added and extracted with EtOAc
(x3). The combined organic layers were washed with brine, dried with anhydrous Na,SO;
and concentrated invacuo. Purification of the crude residue by column chromatography
furnished 4-nitrobenzoate ester derivative.

O
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BnO
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4-(Benzyloxy)benzaldehyde (19). To a solution of 4-hydroxybenzaldehyde (1.50 g, 12.3
mmol) in DMF (25 mL) was added K,COj; (4.10 g, 29.5 mmol), followed by dropwise
addition of benzyl bromide (1.80 mL, 14.7 mmol). The reaction mixture was stirred at rt
overnight. The reaction mixture was then added 20 mL of H,O and extracted with EtOAc
(3x30 mL). The combined organic extracts were washed with brine, dried with anhydrous
Na;SO4 and concentrated in vacuo. Purification of the crude residue by column
chromatography (10% EtOAc/hexanes) yielded 19 as a white solid (2.60 g, quant.):Rs= 0.83
(100% CH,Cl,). "TH NMR (300 MHz, CDCl5) 6 9.88 (s, 1H), 7.84 (d, J = 8.7 Hz, 2H), 7.80—
7.33 (m, 5H), 7.08 (d, J = 8.7 Hz, 2H), 5.13 (s, 2H); ’CNMR (75 MHz, CDCl;) §190.7,
163.8, 136.1, 132.1, 130.2, 128.8, 128.4, 127.6, 115.2, 70.6. The spectral data of 19 matched
those previously described.'

0O
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4-(Benzenesulfoxy)benzaldehyde (20). To a solution of 4-hydroxybenzaldehyde (3.07 g,
25.1 mmol) in CH;Cl, (60 mL) at 0 °C was added benzenesulfonyl chloride (4.80 mL, 36.8
mmol), followed by dropwise addition of EtsN (10.0 mL, 73.7 mmol). The reaction mixture
was stirred from 0 °C to rt overnight. The reaction mixture was then added 50 mL of H,O and
extracted with CH,Cl, (3x40 mL). The combined organic layers were washed with brine,
dried with anhydrous Na,SOy4 and concentrated in vacuo. Purification of the crude residue by
column chromatography (10% EtOAc/hexanes) yielded 20 as a white solid (6.55 g, quant.):
Ry=0.50 (10% EtOAc/hexanes); mp 8284 °C; 'H NMR (300 MHz, CDCl3) & 9.98 (s, 1H),
7.91-7.78 (m, 4H), 7.71 (t, J = 7.5, Hz, 1H), 7.56 (t, J = 7.5 Hz, 2H), 7.18 (d, J = 8.7 Hz,
2H); >C NMR (75 MHz, CDCls) & 190.6, 153.8, 135.1, 134.9, 134.7, 131.3, 129.4, 128.4,
123.6. The spectral data matched those previously reported.?
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(E)-Ethyl 3-(4-(benzyloxy)phenyl)acrylate (21). (E)-Ethyl 3-(4-(benzyloxy)phenyl)acrylate
(21) was prepared from benzaldehydel9 (961.7 mg, 4.53 mmol) using the general procedure
for Horner-Wadsworth-Emmons olefination. Purification by column chromatography (5%
EtOAc/hexanes) gave 21 as a colorless oil (1.03 g, 81%): Ry = 0.52 (20% EtOAc/hexanes);
'H NMR (300 MHz, CDCl3) § 7.64(d, J = 15.9 Hz, 1H), 7.53-7.30 (m, 7H), 6.98 (d, J = 8.7
Hz, 2H), 6.31 (d, /= 15.9 Hz, 1H), 5.10 (s, 2H) 4.26 (q, /= 7.1 Hz, 2H), 1.33 (t, /= 7.1 Hz,
3H). The spectral data matched those previously reported.’

O
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(E)-Ethyl 3-(4-(phenylsulfonyloxy)phenyl)acrylate (22). (E)-Ethyl 3-(4-(phenylsulfonyl-
oxy)phenyl)acrylate (22) was prepared from benzaldehyde20 (955.1 mg, 3.64 mmol) using
the general procedure for Horner-Wadsworth-Emmons olefination. Purification by column
chromatography (20% EtOAc/hexanes) gave 22 as a white solid (1.15 g, 95%): R, = 0.29
(20% EtOAc/hexanes); mp 72-73 °C; '"H NMR (500 MHz, CDCl3) 6 7.85 (d, J= 8.0, 1.0 Hz,
2H), 7.70 (t, J = 8.0 Hz, 1H), 7.61 (d, J=16.0 Hz, 1H) 7.55 (d, J= 8.0 Hz, 2H), 7.45 (4, J =
8.5 Hz, 2H), 7.01 (d, J = 8.5 Hz, 2H), 6.38 (d, J = 16.0 Hz, 1H), 4.27 (q, J = 7.0 Hz, 2H),
1.34 (t, J = 7.0 Hz, 3H);"*C NMR (125 MHz, CDCl3) & 166.6, 150.6, 142.8, 135.2, 134.4,
133.5, 129.3, 129.2, 128.5, 122.9, 119.4, 60.7, 14.3; IR (thin film) 3069, 2983, 1711, 1639,
1502, 1375 ecm™'; HRMS (ESI) m/zcaled for Ci7HNaOsS (M + Na)™ 355.0616, found
355.0615.

o]
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Ethyl 3-(4-(benzyloxy)phenyl)propanoate (23). Ethyl 3-(4-(benzyloxy)phenyl)propanoate
(23) was prepared from o,B-unsaturated ester 21 (1.19 g, 4.3 mmol) using the general
procedure for hydrogenation. Purification by column chromatography (20% EtOAc/hexanes)
gave 23 as a colorless oil (1.08 g, 88%): Rr= 0.32 (10% EtOAc/hexanes); 'H NMR (300
MHz, CDCls) 8 7.49-7.29 (m, 5H), 7.14 (d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.6 Hz, 2H), 5.06 (s,
2H), 4.15 (q, J = 7.1 Hz, 2H), 2.92 (t, J = 7.5 Hz, 2H), 2.61 (t, J= 7.5 Hz, 2H), 1.26 (t, J =
7.1 Hz, 3H). The spectral data matched those previously reported.*

O

0SO,Ph
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Ethyl 3-(4-(phenylsulfonyloxy)phenyl)propanoate (24). Ethyl 3-(4-(phenylsulfonyl-
oxy)phenyl)propanoate (24) was prepared from o,f-unsaturated ester 22 (6.48 g, 19.5 mmol)
using the general procedure for hydrogenation. Purification by column chromatography (10%
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EtOAc/hexanes) gave 24 as a colorless oil (6.15 g, 94%): Rr= 0.31 (80% CH,Cly/hexane);
'H NMR (300 MHz, CDCl3) § 7.74 (dd, J = 8.1, 0.9 Hz, 2H), 7.58 (tt, J = 8.1, 0.9 Hz, 1H),
7.44 (td, /= 8.1, 0.9 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.81 (d, /= 8.4 Hz, 2H), 4.01 (g, J =
7.2 Hz, 2H) 2.83 (t, J = 7.5 Hz, 2H), 2.50 (t, J = 7.5 Hz, 2H) 1.12 (t, J = 7.2 Hz, 3H); *C
NMR (75 MHz, CDCI3) 6 172.5, 147.9, 139.8, 135.3, 134.4, 129.5, 129.2, 128.4, 122.2, 60.4,
35.5, 30.2, 14.2; IR (thin film) 2983, 1732, 1640, 1504, 1372, 1094 cm™'; HRMS (ES))
m/zcalced for C7HgNaOsS (M + Na)* 357.0773, found 357.0772.
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OBn

25

3-(4-(Benzyloxy)phenyl)propan-1-ol (25). 3-(4-(Benzyloxy)phenyl)propan-1-ol (25) was
prepared from ester 23 (341.3 g, 1.2 mmol) using the general procedure for LiAlH4 reduction.
Purification by column chromatography (20% EtOAc/hexanes) gave 25 as a colorless oil
(274.7 mg, 94%): Rr= 0.19 (40% EtOAc/hexanes); 'H NMR (300 MHz, CDCl3) 8 7.49-7.29
(m, 5H), 7.12 (d, J = 8.6 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 5.05 (s, 2H), 3.67 (t, J = 6.5 Hz,
2H), 2.66 (t, J = 6.5 Hz, 2H), 1.87 (quintet, J = 6.5 Hz, 2H). The spectral data matched those

previously described.’
HOW
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4-(3-Hydroxypropyl)phenylbenzenesulfonate (26). 4-(3-
Hydroxypropyl)phenylbenzenesulfonate (26) was prepared from ester 24 (3.64 g, 10.9 mmol)
using the general procedure for LiAlH4 reduction. Purification by column chromatography
(30% EtOAc/hexanes) gave 26 as a colorless oil (2.81 g, 88%): Ry = 021 (20%
EtOAc/hexanes); 'H NMR (300 MHz, CDCl5) & 7.80 (d, J = 7.8 Hz, 2H), 7.64 (t, J = 7.5Hz,
1H), 7.49 (t, J = 7.5 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.84 (d, /= 8.4 Hz, 2H), 3.59 (t, J =
6.3 Hz, 2H), 2.63 (t, J = 7.5 Hz, 2H), 1.79 (&, J = 7.5, 6.3 Hz, 2H); C NMR (75 MHz,
CDCl3) 6 147.6, 141.2, 135.3, 134.3, 129.6, 129.2, 128.4, 122.1, 61.7, 33.9, 31.4; IR (thin
film) 3377, 2940,1728, 1588, 1503, 1368 cm™'; HRMS (ESI) m/zcalcd for C1sH gNaOsS (M

+Na)" 315.0667, found 315.0667.
O%\/\@\
OBn

27

3-(4-(Benzyloxy)phenyl)propanal (27). 3-(4-(Benzyloxy)phenyl)propanal (27) was prepared
from alcohol 25 (271.6 mg, 1.12 mmol) using the general procedure for oxidation.
Purification by column chromatography (20% EtOAc/hexanes) gave 27 as a colorless oil
(239.9 mg, 89%): Rr= 0.57 (40% EtOAc/hexanes); "H NMR (300 MHz, CDCl3) & 9.80 (s,
1H), 7.57-7.32 (m, 5H), 7.17 (d, J = 8.4 Hz, 2H), 6.98 (d, /= 8.4 Hz, 2H), 5.07 (s, 2H), 2.94
(t, J = 7.4 Hz, 2H), 2.74 (t, J = 7.4 Hz, 2H).The spectral data matched those previously
described.®
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28

4-(3-Oxopropyl)phenylbenzenesulfonate (28). 4-(3-Oxopropyl)phenylbenzenesulfonate
(28) was prepared from alcohol 26 (4.80 g, 16.4 mmol) using the general procedure for
oxidation. Purification by column chromatography (20% EtOAc/hexanes) gave 28 as a
colorless oil (4.32 g, 91%): Ry = 0.41 (20% EtOAc/hexanes); 'H NMR (300 MHz, CDCl3) &
9.78 (t, /= 1.2 Hz, 1H), 7.83 (d, /= 7.5 Hz, 2H), 7.67 (t, J= 7.5 Hz, 1H) 7.52 (t, /= 7.5 Hz,
2H) 7.10 (d, J= 8.4 Hz, 2H) 6.89 (d, /= 8.4 Hz, 2H) 2.91 (t, /=7.2 Hz, 2H) 2.75 (t, J = 7.2
Hz, 2H); °C NMR (75 MHz, CDCl3) & 200.9, 148.0, 139.6, 135.5, 134.2, 129.5, 129.1,
128.5, 122.4, 45.0, 27.4. The spectral data matched those previously reported.’

=

HO

29 OBn

1-(4-(Benzyloxy)phenyl)hex-5-en-3-0l (29). 1-(4-(Benzyloxy)phenyl)hex-5-en-3-ol (29) was
prepared from aldehyde 27 (235.4 mg, 0.98 mmol) using the general procedure for allylation.
Purification by column chromatography (10% EtOAc/hexanes) gave 29 as a colorless oil
(157.8 mg, 57%): Rr= 0.37 (20% EtOAc/hexanes); 'H NMR(300 MHz, CDCl3) & 7.51-7.28
(m, SH), 7.13 (d, /= 8.5 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H), 5.94-5.73 (m, 1H), 5.24-5.11 (m,
2H), 5.05 (s, 2H), 3.78-3.61 (m, 1H), 2.87-2.56 (m, 2H), 2.41-2.11 (m, 2H), 1.87-1.72 (m,
2H).The spectral data matched those previously reported.®

=
30 Z~0s0,Ph
4-(3-Hydroxyhex-5-enyl)phenylbenzenesulfonate (30). 4-(3-Hydroxyhex-5-

enyl)phenylbenzenesulfonate (30) was prepared from aldehyde 28 (1.05 g, 3.62 mmol) using
the general procedure for allylation. Purification by column chromatography (80%
CH;Cly/hexanes) gave 30 as a colorless oil (782.6 mg, 65%): Rr = 0.63 (80%
CH,Cly/hexanes); '"H NMR (300 MHz, CDCl;) & 7.82 (d, J = 8.7 Hz, 2H), 7.66 (t, J= 8.1 Hz,
1H), 7.51 (t, J = 8.1 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 5.93-5.66
(m, 1H), 5.23-5.04 (m, 2H), 3.70-3.55 (m, 1H), 2.86-2.54 (m, 2H), 2.38-2.08 (m, 2H), 1.80—
1.65 (m, 2H); *C NMR (75 MHz, CDCl3) & 147.7, 141.3, 135.5, 134.4, 134.1, 129.5, 129.1,
128.5, 122.2, 118.5, 69.7, 42.0, 38.0, 31.8; IR (thin film) 3402, 2929, 1502, 1372, 1196, 1152
cm™'; HRMS (ESI) m/zcaled for CgHaoNaO4S (M + Na)* 355.0980, found 355.0980.

OH

0
BnO ~>080,Ph

31ax

4-2-((2R,4R,6R)-6-(4-(benzyloxy)phenyl)-4-hydroxytetrahydro-2 H-pyran-2-yl)ethyl)-
phenyl benzenesulfonate (31ax).Light yellow solid:R= 0.76 (5% EtOAc/CH,Cl,); mp 134-
136 °C; '"H NMR (500 MHz, CDCl;) & 7.82 (d, J= 7.8 Hz, 2H), 7.65 (t, J= 7.8 Hz, 1H), 7.50



22

(t, J = 7.8 Hz, 2H), 7.47-7.27 (m, 7H), 7.08 (d, J = 8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H),
6.85 (d, J = 8.4 Hz, 2H), 5.06 (s, 2H), 4.76 (d, J = 11.5 Hz, 1H), 4.41-4.27 (m, 1H), 3.97-
3.80 (m, 1H), 2.88-2.58 (m, 2H), 1.96-1.68 (m, 6H); °C NMR (125 MHz, CDCl3) § 158.1,
147.6, 141.5, 137.1, 135.6, 135.4, 134.1, 129.6, 129.1, 128.6, 128.5, 127.9, 127.4, 127.1,
122.1, 114.7, 73.0, 70.9, 70.1, 65.0, 40.4, 38.4, 37.6, 31.1; IR (thin film) 3430, 3034, 2921,
1513, 1373, 1178 cm™'; HRMS (ESI) m/zcaled for C3,HzNaOgS (M + Na)™ 567.1817, found
567.1817.

=
HO

(R)-30 0SO0,Ph

(R)-4-(3-Hydroxyhex-5-enyl)phenylbenzenesulfonate ((R)-30). (R)-4-(3-Hydroxyhex-5-
enyl)phenylbenzenesulfonate ((R)-30) was prepared from aldehyde 28 (500.9 mg, 1.72
mmol) and (S)-BINOL using the general procedure for Keck allylation. Purification by
column chromatography (80% CH,Cly/hexanes) gave (R)-30 as a colorless oil (434.6 mg,
76%, 98% ee): Ry = 0.63 (80% CH,Cly/hexanes); [??]%° = +12.0 (¢ 1.0, CHCls); 'H NMR
(500 MHz, CDCl3) & 7.81 (d, J = 7.5 Hz, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.51 (t, /= 7.5 Hz,
2H), 7.09 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 5.89-5.71 (m, 1H), 5.20-5.04 (m,
2H), 3.70-3.56 (m, 1H), 2.84-2.56 (m, 2H), 2.36-2.21 (m, 2H), 1.83-1.63 (m, 2H); “C
NMR (125 MHz, CDCIl3) & 147.6, 141.4, 135.4, 134.6, 134.2, 129.6, 129.2, 128.5, 122.1,
118.2, 69.8, 42.0, 38.2, 31.3; IR (thin film) 3408, 2929, 1503, 1372, 1179, 1093 cm™'; HRMS
(ESI) m/zcaled for CisHyeNaO4S (M + Na)+ 355.0980, found 355.0980.The enantiomeric
excess was determined on the corresponding acetate, which was prepared by acetylation with
Ac,0, from HPLC analysis using CHIRALCEL® OD-H column eluting with 2%
isopropanol/hexane (flow rate = 0.6 mL/min, pressure = 18.6 bar, temp = 24-25 °C, A = 254
nm): retention time = 19.57 min, retention time of (S)-enantiomer = 18.617 min. The absolute
configuration was determined to be R by Mosher’s method using the corresponding (S)-
MTPA and (R)-MTPA esters.

R =MTPA
MTPA ester of (R)-30

(S)-MTPA ester of (R)-30. 'H NMR (300 MHz, CDCls) & 7.82 (d, J = 7.2 Hz, 2H), 7.67 (t,
J=172 Hz, 2H), 7.60~7.47 (m, 4H), 7.46-7.34 (m, 3H), 7.00 (d, J = 8.7 Hz, 2H), 6.88 (d, J =
8.7 Hz, 2H), 5.73-5.55 (m, 1H), 5.20-4.94 (m, 3H), 3.53 (s, 3H), 2.73-2.47 (m, 2H), 2.44—
2.30 (m, 2£), 2.04-1.78 (m, 2H).

(R)-MTPA ester of (R)-30. "H NMR (300 MHz, CDCls) § 7.82 (d, J= 7.2 Hz, 2H), 7.66 (t, J
=72 Hz, 2H), 7.60-7.47 (m, 4H), 7.45-7.32 (m,3H), 6.94 (d, J = 8.4 Hz, 2H), 6.85 (d, J =
8.4 Hz, 2H), 5.84-5.59 (m, 1H), 5.29-4.99 (m, 3H), 3.55 (s, 3H), 2.65-2.31 (m, 4H), 1.99—
1.75 (m, 2H).
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Ky

4-(2-((2R,4S5,6R)-6-(4-(Benzyloxy)phenyl)-4-hydroxytetrahydro-2 H-pyran-2-yl)ethyl)
pheny!l benzenesulfonate (31).Compound 31 was prepared from homoallylic alcohol(R)-
30(107.3 mg, 0.32 mmol), aldehyde 19(84.7 mg, 0.40 mmol) and O3ReOH (75-80 wt%, 25
uL, 50 mol %). Purification of the crude residue by column chromatography (CH,Cl; — 3%
EtOAc/CH;Cly)gave 31 as a light yellow oil (I11.8 mg, 64%, 51% ee):R= 0.69 (5%
EtOAC/CH,ClL)[??]3%*= +54.0 (¢ 1.0, CHCl3); 'H NMR (500 MHz, CDCl3) & 7.82 (d, J= 7.5
Hz, 2H), 7.65 (t, J= 7.5 Hz, 1H), 7.51 (t, J= 7.5 Hz, 2H), 7.58-7.30 (m, 5H), 7.28 (d, /= 8.7
Hz, 2H), 7.07 (d , J= 8.4 Hz, 2H), 6.95 (d, J= 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 5.06 (s,
2H), 4.26 (d, J = 11.0 Hz, 1H), 4.00-3.80 (m, 1H), 3.49-3.30 (m, 1H), 2.80-2.56 (m, 2H),
2.17 (ddd, J=12.3, 4.5, 1.5 Hz, 1H), 2.03-1.83 (m, 2H), 1.83~1.62 (m, 1H), 1.47 (q, J=11.0
Hz, 1H), 1.28 (q, J = 11.0 Hz, 1H); *C NMR (125 MHz, CDCl3) § 158.3, 147.7, 141.3,
137.1, 135.6, 134.6, 134.1, 129.6, 129.1, 128.6, 128.5, 128.0, 127.5, 127.2, 122.1, 114.8,
77.0, 74.7, 70.1, 68.5, 42.7, 40.9, 37.4, 31.1; IR (thin film) 3403, 3035, 2941, 1503, 1372,
1178 cm™'; HRMS (ESI) m/zcaled for C3H3zNaOgS (M + Na)t 567.1817, found
567.1818.The enantiomeric excess was determined on the corresponding acetate, which was
prepared by acetylation with Ac,O, from HPLC analysis using CHIRALCEL® OD-H column
eluting with 20% isopropancl/hexane (flow rate = 1.0 mL/min, pressure = 36.7 bar, temp =
26-28 °C, A = 270 nm): retention time = 14.539 min, retention time of (25,4R,6S)-enantiomer
=18.63 min.

OAc

O \/\@\
BnO 32 0S0,Ph

(2R, 4S5,6R)-2-(4-(Benzyloxy)phenyl)-6-(4-(phenylsulfonyloxy)phenethyl)tetrahydro-2H-
pyran-4-yl acetate (32).Compound 32was prepared from homoallylic alcohol (R)-30 (60.1
mg, 0.18 mmol) and aldehyde 19 (39.4 mg, 0.18 mmol) using the general procedure for
BF;-OEt;-mediated Prins cyclization. Purification by column chromatography (10%
EtOAc/hexanes) gave 32 as a colorless oil (38.2 mg, 48% based on 15.4 mg of recovered (R)-
30,88% ee): Rr=0.25 (20% EtOAc/hexanes); [?7]3? = +47.8 (¢ 0.23, CHCl,); 'H NMR (300
MHz, CDCl3) 6 7.85 (d, J = 7.5 Hz, 2H), 7.68 (t, J= 7.5 Hz, 1H), 7.54 (t, J = 7.5 Hz, 2H),
7.48-7.27 (m, 5H), 7.09 (d, J = 8.7 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.7 Hz,
2H), 6.89 (d, J = 8.7 Hz, 2H), 5.13-4.97 (m, 1H), 5.09 (s, 2H), 4.45 (d, J = 10.5 Hz, 1H),
3.57-3.41 (m, 1H), 2.88-2.59 (m, 2H), 2.23 (ddd, J=11.7, 4.8, 1.8 Hz, 1H), 2.11-1.86 (m,
2H), 2.06 (s, 3H), 1.85-1.71 (m, 1H), 1.59 (q, J = 11.7 Hz, 1H), 1.41 (q, J = 11.7 Hz, 1H);
BC NMR (75 MHz, CDCls) § 170.5, 158.3, 147.7, 141.1, 137.0, 135.5, 134.2, 134.1, 129.6,
129.1, 128.6, 128.5, 128.0, 127.4, 127.1, 122.2, 114.7, 76.8, 74.5, 70.6, 70.0, 38.9, 37.3, 37.1,
31.0, 29.7, 21.3; IR (thin film) 2929, 1739, 1503,.1375, 1242, 867 cm™'; HRMS (ESI)
m/zcaled for Cs4H34NaO4S (M + Na)+ 609.1923, found 609.1916.The enantiomeric excess
was determined by HPLC analysis using CHIRALCEL® OD-H column eluting with 20%
isopropanol/hexane (flow rate = 1.0 mL/min, pressure = 36.7 bar, temp = 26-28 °C, A =270
nm): retention time = 14.546 min, retention time of (2S5,4R,65)-enantiomer = 18.68 min.
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EtO =

33a OH
E:Z = 69:21

Ethyl 3-(4-hydroxyphenyl)acrylate. To a solution of 4-hydroxybenzaldehyde (306.3 mg,
2.51 mmol) in CH,Cl; (3 mL) and THF (2.5 mL) was added (carbethoxymethylene)-
triphenylphosphorane (1.03 g, 3.08 mmol, 1.22 equiv).The reaction mixture was stirred at rt
for 3 h. After the solvent was evaporated, the crude residue was purified by column
chromato-graphy (20% EtOAc/hexanes) to furnish 33a as a colorless oil (470.2 mg, 98%) as
a 69:21 mixture of E and Z isomers: Ry = 0.36 (20% EtOAc/hexanes); '"H NMR (300 MHz,
CDCl3) 8 7.62 (d, J = 15.9 Hz, 1H), 7.55 (d, J = 8.7 Hz, 0.67H), 7.37 (d, J = 8.7 Hz, 2H),
6.86 (d, J= 8.4 Hz, 2H), 6.27 (d, J = 15.9 Hz, 1H), 5.81 (d, J=12.9 Hz, 0.32 H), 4.25 (q, J =
7.2 Hz, 2H), 4.18 (d, J= 7.2 Hz, 0.69H), 1.33 (t,J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 1H); '*C
NMR (75 MHz, CDCl3) 6 168.7, 167.6, 158.7, 157.4, 1454, 144.1, 132.2, 130.1, 126.9,
126.5, 116.6, 116.0, 115.2, 114.7, 60.9, 60.7, 14.3, 14.1; IR (thin film) 3279, 2983, 1687,
1605, 1514, 1370 cm™'; HRMS (ESI) m/zcaled for C;;H;;2NaOs; (M + Na)* 215.0684, found
215.0689.

¢}

OH

33

Ethyl 3-(4-hydroxyphenyl)propanoate (33). Ethyl 3-(4-hydroxyphenyl)propanoate (33)
was prepared from o,f-unsaturated ester33a (4.55 g, 23.6 mmol) using the general procedure
for hydrogenation. Purification by column chromatography (20% EtOAc/hexanes) yielded 33
as a colorless oil (4.53 g, 98%): Rr = 0.36 (20% EtOAc/hexanes); 'H NMR (300 MHz,
CDCl3) 8 7.03 (d, J = 8.4 Hz, 2H), 6.74 (d, J= 8.4 Hz, 2H), 4.12 (q. J = 7.2 Hz, 2H), 2.87 (t,
J=17.8 Hz, 2H), 2.59 (t, J = 7.8 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H); °*C NMR (75 MHz,
CDCly) & 173.8, 154.3, 132.2, 129.4, 115.4, 60.7, 36.4, 30.1, 14.2; IR (thin film) 2982, 1709,
1516, 1446, 1373, 1228 cm™'; HRMS (ESI) m/zcaled for C;{HisNaO; (M + Na)* 217.0841,

found 217.0841.
sane!
OH

34

4-(3-Hydroxypropyl)phenol(34). 4-(3-Hydroxypropyl)phenol(34) was prepared from ester
33 (400 mg, 2.06 mmol) using the general procedure for LiAlH4 reduction. Purification by
column chromatography (30% EtOAc/hexanes) gave 34 as a colorless oil (300.4 mg, 95%):
Ry=10.27 (50% EtOAc/hexanes); 'H NMR (300 MHz, CDCl3) § 7.16 (d, J = 8.4 Hz, 2H), 6.73
(d, J=8.4 Hz, 2H), 3.68 (t, /= 6.6 Hz, 2H), 2.64 (t, /= 7.2 Hz, 2H),1.86 (tt, J= 7.2, 6.6 Hz,
2H); *C NMR (75 MHz, CDCl3) § 153.9, 133.7, 129.5, 115.3, 62.3, 34.3, 31.1.The spectral
data matched those previously reported.’ «
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OAc

35a

4-(3-Hydroxypropyl)phenyl acetate (35a). To a solution of diol34 (2.43 g, 16.0 mmol) in
CH,Cl; (20 mL) were added DMAP (590.3 mg, 4.79 mmol, 0.3 equiv) and Et;N (1.2 mL,
7.98 mmol, 0.5 equiv). The mixture was cooled to 0 °C and acetic anhydride (750 uL, 7.98
mmol, 0.5 equiv) was added dropwise. The reaction mixture was stirred at 0 °C for 5 min
before being quenched with 50 mL of H,O and extracted with CH,Cl, (3x50 mL). The
combined organic layers were washed with brine, dried with anhydrous Na;SO4 and
concentrated invacuo. Purification of the crude residue by column chromatography (20%
EtOAc/hexanes) yielded 35a as a colorless oil (1.86 g, 60%) along with bisacetylated
product (650.7 mg, 17%): Ry = 0.57 (40% EtOAc/hexanes); 'H NMR (300 MHz, CDCl;) &
7.17 (d, J= 8.4 Hz, 2H), 6.97 (d, J= 8.4 Hz, 2H), 3.61 (t, J = 6.6 Hz, 2H), 2.66 (t, /= 6.6 Hz,
2H), 2.26 (s, 3H), 1.84 (quintet, J = 6.6 Hz, 2H);"°C NMR (75 MHz, CDCl;) & 169.9, 148.7,
139.5,129.4,121.4,61.9, 34.1, 31.4, 21.1; IR (thin film) 3342, 2939, 1755, 1508, 1371, 1219
cm™'; HRMS (ESI) m/zcalcd for C11H14NaO3 (M + Na)" 217.0841, found 217.0841.

o7 I\
=

35 OAc

4-(3-Oxopropyl)pheny! acetate (35). 4-(3-Oxopropyl)phenyl acetate (35) was prepared from
alcchol 35a (510.6 mg, 2.63 mmol) using the general procedure for oxidation. Purification by
column chromatography (20% EtOAc/hexanes) afforded 35 as a colorless oil (460.3 mg,
91%): Rr= 0.67 (40% EtOAc/hexanes); 'H NMR (300 MHz, CDCl3) 8 9.78 (s, 1H), 7.19 (d, J
=8.4 Hz, 2H), 7.00 (d, /= 8.4 Hz, 2H), 2.93 (t, /= 7.5 Hz, 2H), 2.75 (t, /= 7.5 Hz, 2H), 2.27
(s, 3H); °C NMR (75 MHz, CDCls) & 201.5, 169.7, 149.1, 138.0, 129.3, 121.63, 121.56,
45.2,27.4,21.1; IR (thin film) 2933, 1761, 1723, 1509, 1370, 1219, 1197 cm™"; HRMS (ESI)
m/zcaled for C;{H;;NaO3 (M + Na)* 215.0683, found 215.0683.

=

HO
(R)-36 OAc

(R)-4-(3-Hydroxyhex-5-enyl)phenyl acetate ((R)-36). (R)-4-(3-Hydroxyhex-5-enyl)phenyl
acetate ((R)-36) was prepared from aldehyde 35 (230 mg, 1.20 mmol) and (S)-BINOL using
the general procedure for Keck allylation. Purification by column chromatography (80%
CH,Cly/hexanes) gave (R)-36 as a colorless oil (150.8 mg, 54%, 96% ee): Rr= 0.27 (100%
CH,Cl,); [77]3° = +17.6 (¢ 1.0, CHCl3); '"H NMR (300 MHz, CDCl3) & 7.17 (d, J = 8.4 Hz,
2H), 6.97 (d, J = 8.4 Hz, 2H), 5.88-5.70 (m, 1H), 5.15-5.05 (m, 2H), 3.69-3.56 (m, 1H),
2.86-2.71(m, 1H), 2.70-2.56 (m, 1H), 2.33-2.09 (m, 2H), 2.25, (s, 3H), 1.78-1.67 (m, 2H);
3C NMR (75 MHz, CDCl3) & 169.8, 148.7, 139.7, 134.7, 129.4, 121.4, 118.1, 69.8, 42.1,
38.3, 31.4, 21.1; IR (thin film) 3074, 2931, 1762, 1508, 1370, 1196 cm™'; HRMS (ESI)
m/zcaled for C4HgNaO3; (M + Na)™ 257.1154, found 257.1155. The enantiomeric excess was
determined by HPLC analysis using CHIRALPAK® AS-H column eluting with 10%
isopropanol/hexane (flow rate = 0.5 mL/min, pressure = 17.8 bar, temp = 26-28 °C, A = 263
nm): retention time = 11.203 min, retention time of (S)-enantiomer = 10.166 min. The
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absolute configuration was determined to be R by Mosher’s method using the corresponding
(8$)-MTPA and (R)-MTPA esters.

R =MTPA
+
MTPA ester of (R)-36

(5)-MTPA ester of (R)-36. 'H NMR (300 MHz, CDCls) & 7.69-7.34 (m, 5H), 7.13 (d, J =
8.4 Hz, 2H), 6.9 (d, J = 8.4 Hz, 2H), 5.84-5.52 (m, 1H), 5.37-5.12 (m, 1H), 5.10~5.00 (m,
2H), 3.58 (s, 3H), 2.84-2.52 (m, 2H), 2.50-2.35 (m, 2H), 2.29 (s, 3H), 2.13—1.82 (m, 2H).

(R)-MTPA ester of (R)-36. 'H NMR (300 MHz, CDCl3) & 7.70-7.32 (m, SH), 7.04 (d, J =
8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H), 5.94-5.64 (m, 1H), 5.40-4.99 (m, 3H), 3.58 (s, 3H),
2.67-2.39 (m, 4H), 2.28 (s, 3H), 2.06-1.76 (m, 2H).

=
HO"
(S)-36 OAc

(8)-4-(3-Hydroxyhex-5-enyl)phenyl acetate ((5)-36). (5)-4-(3-Hydroxyhex-5-enyl)phenyl
acetate (($)-36) was prepared from aldehyde 35 (750.0 mg, 3.90 mmol) and (R)-BINOL
using the general procedure for Keck allylation. Purification by column chromatography
(80% CHaCly/hexanes) gave (S5)-36 as a colorless oil (402.4 mg, 44%, 96% ee): Ry = 0.27
(100% CH,Cly); [??213° = -16.9 (¢ 1.0, CHCls); '"H NMR (300 MHz, CDCl3) & 7.17 (d, J =
8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 5.88-5.70 (m, 1H), 5.15-5.05 (m, 2H), 3.69-3.56 (m,
1H), 2.88-2.71 (m, 1H), 2.70-2.54 (m, 1H), 2.33-2.09 (m, 2H), 2.25, (s, 3H), 1.78-1.67 (m,
2H); °C NMR (75 MHz, CDCl3) & 169.8, 148.7, 139.7, 134.7, 129.4, 121.4, 118.1, 69.9,
42.1,38.3,31.4, 21.1; IR (thin film) 3102, 2929, 1760, 1507, 1370, 1196, 1018 cm™'; HRMS
(ESI) m/zcaled for Ci4H gNaO; (M + Na)+ 257.1154, found 257.1154. The enantiomeric
excess was determined by HPLC analysis using CHIRALPAK® AS-H column eluting with
10% isopropanol/hexane (flow rate = 0.5 mL/min, pressure = 17.8 bar, temp = 26-28 °C, A =
263 nm): retention time = 10.51 min, retention time of (R)-enantiomer = 12.023 min. The
absolute configuration was determined to be S by Mosher’s method using the corresponding
(S)-MTPA and (R)-MTPA esters.

+0.08

+0.03
-0.08 -0.06

+0.04, =~
+0.05

ROY )
R=MTPA

MTPA ester of (S)-36
($)-MTPA ester of (5)-36. 'H NMR (300 MHz, CDCl3) 6 7.68-7.32 (m, 5H), 7.02 (d, J =

8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 5.90-5.57 (m, 1H), 5.34-4.92 (m, 3H), 3.55 (s, 3H),
2.67-2.36 (m, 4H), 2.26 (s, 3H), 2.02-1.77 (m, 2H).
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(R)-MTPA ester of (5)-36. '"H NMR (300 MHz, CDCls) § 7.69-7.34 (m, 5H), 7.13 (d, J =
8.4 Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 5.78-5.53 (m, 1H), 5.29-5.13 (m, 1H), 5.11-4.97 (m,
2H), 3.56 (s, 3H), 2.75-2.50 (m, 2H), 2.50~2.35 (m, 2H), 2.29 (s, 3H), 2.12-1.80 (m, 2H).

OAc

(T
AcO OAc

38

4-((2R,48,6R)-4-Acetoxy-6-(4-acetoxyphenethyl)tetrahydro-2 H-pyran-2-yl) phenyl
acetate (38). Compound 38 was prepared from homolallylic alcohol (R)-36 (110.8 mg, 0.47
mmol) and 4-acetoxybenzaldehyde (37) (78.2 mg, 0.47 mmol) using the general procedure
for BF;-OEt;-mediated Prins cyclization. Purification by column chromatography (10%
EtOAc/hexanes) gave 38 as a colorless oil (110.9 mg, 53%, 85% ee):Rr = 0.37 (20%
EtOAc/hexanes); 'H NMR (300 MHz, CDCls) 6 7.40 (d, J = 8.4 Hz, 2H), 7.19 (J = 8.4 Hz,
2H), 7.09 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 5.144.96 (m, 1H), 444 (dd, J =
11.7, 1.2 Hz, 1H), 3.64-3.48 (m, 1H), 2.88-2.68 (m, 2H), 2.42-2.21 (m, 1H), 2.30 (s, 3H),
2.29 (s, 3H), 2.12-1.90 (m, 2H), 2.06 (s, 3H), 1.90-1.72 (m, 1H), 1.56 (g, /= 11.7 Hz, 1H),
1.44 (q, J = 11.7 Hz, 1H); *C NMR (75 MHz, CDCl3) § 170.5, 169.6, 169.5, 150.0, 148.8,
139.5, 129.4, 126.9, 121.44, 121.39, 76.5, 74.6, 70.5, 39.1, 37.5, 37.0, 31.0, 21.3, 21.1; IR
(thin film) 2929, 1732, 1508, 1369, 1239, 1196 em™; HRMS (ESI) m/zcalcd for C;sH,3NaO4
(M + Na)® 463.1733, found 463.1733. The enantiomeric excess was determined by HPLC
analysis using CHIRALCEL® OD-H column eluting with 15% isopropanol/hexane (flow rate
= (.8 mL/min, pressure = 28.3 bar, temp = 25-26 °C, A = 263 nm): retention time = 13.722
min, retention time of (25,4R,6S)-enantiomer = 11.416 min.

OH

(0) I X
HO Z > oH
5

(1R,3S,5R)-1,7-bis(4-hydroxyphenyl)-1,5-epoxy-3-hydroxyheptane (5). Diarylheptanoid5
was prepared from triacetate ester 38 (120.1 mg, 0.27 mmol) using the general procedure for
methanolysis. Purification by column chromatography (40% EtOAc/hexanes) gave S as a
white solid (74.3 mg, 88%): Ry= 0.37 (40% EtOAc/CH,Cl,);mp 186-188 °C; [?? 2t = 436.5
(c 0.22, MeOH); 'H NMR (300 MHz, CD;0D) & 7.18 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4
Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 8.4 Hz, 2H), 4.23 (d, J = 11.7 Hz, 1H), 3.90-
3.72 (m, 1H), 3.49-3.34 (m, 1H), 2.74-2.49 (m, 2H), 2.05 (ddd, J = 12.3, 4.2, 2.1 Hz, 1H),
1.94 (ddd, J=12.3, 4.2, 2.1 Hz, 1H), 1.89-1.60 (m, 2H), 1.42 (q, J=11.7 Hz, 1H), 1.21 (q, J
= 11.7 Hz, 1H); *C NMR (75 MHz, CD;0D) & 154.9, 153.4, 131.7, 131.4, 127.5, 125.7,
113.2, 113.1, 75.8, 73.5, 66.1, 40.6, 38.9, 36.3, 29.0; IR (thin film) 3174, 2945, 1702, 1516,
1367, 1236 cm™; HRMS (ESY) m/zcaled for CioHppNaOs (M + Na)+ 337.1416, found
337.1416.
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SRS
HO OH

(2R, 4R,6R)-2-(4-Hydroxyphenethyl)-6-(4-hydroxyphenyl)tetrahydro-2H-pyran-4-yl  4-
nitrobenzoate (7a). Ester 7awas prepared from tetrahydropyranS (42.3 mg, 0.13 mmol)
using the general procedure for Mitsunobu reaction. Purification by column chromatography
(20% EtOAc/hexanes) gave 7a as a colorless oil (30.4 mg, 49%): Rr = 032 (40%
EtOAc/hexanes); [??]3° = +55.7 (¢ 0.30, CHCl3); 'H NMR (300 MHz, CDCl;) & 8.32 (d, J =
8.7 Hz, 2H), 8.18 (d, J = 8.7 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.03 (d, /= 8.4 Hz, 2H), 6.80
(d, J= 8.4 Hz, 2H), 6.71 (d, J = 8.4 Hz, 2H), 5.63-5.52 (m, 1H), 4.74 (d, J = 11.7 Hz, 1H),
3.99-3.83 (m, 1H), 2.82-2.61 (m, 2H), 2.17 (d, J = 13.2 Hz, 1H), 2.06-1.65 (m, 5H); °C
NMR (75 MHz, CDCls) 6 163.9, 155.2, 153.7, 150.7, 135.8, 134.2, 133.9, 130.7, 129.5,
127.4,123.7, 115.3, 115.2, 74.0, 72.0, 70.2, 37.6, 37.0, 35.2, 30.6; IR (thin film) 3019, 2925,
1722, 1515, 1347, 1277 cm™'; HRMS (ESI) m/zcaled for Co6H,sNaNO; (M + Na)*™ 486.1529,
found 486.1528.

(1R,3R,5R)-1,7-bis(4-hydroxyphenyl)-1,5-epoxy-3-hydroxyheptane 7).
Diarylheptanoid7was prepared from ester 7a (24.6 mg, 0.053 mmol) using the general
procedure for methanolysis. Purification by column chromatography (20% EtOAc/CH,Cly)
gave 7 as a white solid (14.8 mg, 89%): Ry = 0.47 (40% EtOAc/CH,Cl,);mp 186188 °C;
[77]3* = +180.6 (¢ 0.02, MeOH); '"H NMR (300 MHz, CD;0D) § 7.20 (d, J = 8.1 Hz, 2H),
7.00 (d, J = 8.1 Hz, 2H), 6.76 (d, J = 7.5 Hz, 2H), 6.68 (d, J= 7.5 Hz, 2H), 4.70 (d, J = 10.5
Hz, 1H), 4.27-4.18 (m, 1H), 3.99-3.84 (m, 1H), 2.73-2.52 (m, 2H), 1.90-1.46 (m, 6H); Be
NMR (75 MHz, CD;0D) § 154.9, 153.4, 132.3, 131.5, 127.5, 125.7, 113.1, 113.0, 71.9, 69.7,
62.7, 37.9, 36.6, 36.3, 28.8; IR (thin film) 3399, 2921, 1698, 1597, 1515, 1243 cm™'; HRMS
(ESI) m/zcaled for C19HNaO, (M + Na)* 337.1416, found 337.1426.

OAc

@OACL
AcO OAc
39

4-((2S,4R,6S)—4-Acet0xy-6-(4-acetoxyphenethyl)tet;ahydro-2H—pyran-2-yl)phenyl

acetate (39). Compound 39was prepared from homoallylic alcohol (§)-36 (300.1 mg, 1.28
mmol) and 4-acetoxybenzaldehyde (37) (218.6 mg, 1.28 mmol) using the general procedure
for BF;-OEt;-mediated Prins cyclization. Purification by column chromatography (10%
EtOAc/hexanes) gave 39 as a colorless oil (248.6 mg, 44%): Ry= 0.37 (20% EtOAc/hexanes);
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'H NMR (300 MHz, CDCl3) & 7.38 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 7.07 (d, J =
8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 5.10-4.94 (m, 1H), 441 (dd, J = 11.7, 1.2 Hz, 1H),
3.62-3.44 (m, 1H), 2.90-2.61 (m, 2H), 2.41-2.17 (m, 2H), 2.28 (s, 3H), 2.27 (s, 3H), 2.03 (s,
3H), 2.01-1.90 (m, 1H), 1.87-1.70 (m, 1H), 1.52 (q, J= 11.7 Hz, IH), 1.41 (q, J = 11.7 Hz,
1H); *C NMR (75 MHz, CDCl3) & 170.5, 169.7, 169.5, 150.0, 148.8, 139.5, 129.4, 126.9,
121.5, 121.4, 76.5, 74.6, 70.5, 39.1, 37.5, 37.0, 31.0, 21.3, 21.1; IR (thin film) 2929, 1732,
1509, 1369, 1196 cm™'; HRMS (ESI) m/zcaled for CysHpgNaO; (M -+ Na)™ 463.1733, found
463.1733. The enantiomeric excess was determined by HPLC analysis using CHIRALCEL®
OD-H column eluting with 20% isopropanol/hexane (flow rate = 1.0 mL/min, pressure = 36.7
bar, temp = 25-27 °C, A = 270 nm): retention time = 10.891 min, retention time of
(2R,4S,6R)-enantiomer = 14.553 min.

OH

@Oﬁ
HO OH
4

(18,3R,585)-1,7-bis(4-hydroxyphenyl)-1,5-epoxy-3-hydroxyheptane (4). Diarylheptanoid4
was prepared from triacetate ester 39 (225.8 mg, 0.50 mmol) using the general procedure for
methanolysis. Purification by column chromatography (40% EtOAc/hexanes) yielded 4 as a
white solid (139.6 mg, 87%): Ry = 0.37 (40% EtOAc/CH,Cly);mp 186-188 °C; [?7]3" = —
35.2 (¢ 0.09, MeOH); '"H NMR (300 MHz, CD;0D) & 7.17 (d, J = 6.6 Hz, 2H), 6.96 (d, J =
6.6 Hz, 2H), 6.74 (d, J = 6.6 Hz, 2H), 6.66 (d, J = 6.6 Hz, 2H), 4.21 (d, J = 11.4 Hz, 1H),
3.87-3.70 (m, 1H), 3.47-3.33 (m, 1H), 2.71-2.49 (m, 2H), 2.04 (d, J = 12.0 Hz, 1H), 1.92 (d,
J=12.0 Hz, 1H), 1.87-1.75 (m, 1H), 1.75-1.5% (m, 1H), 1.41 (q, J=11.1 Hz, 1H), 1.19 (q, J
= 11.1 Hz, 1H); *C NMR (75 MHz, CD;0D) & 155.0, 153.4, 131.7, 131.4, 127.5, 125.7,
113.2, 113.1, 75.8, 73.5, 66.1, 40.6, 38.9, 36.3, 28.9; IR (thin film) 3176, 2945, 1701, 1516,
1235, 1067 cm™'; HRMS (ESI) m/zcaled for Ci9H»NaO;, (M + Na)® 337.1416, found
337.1416.

O

0L
Weke:
W ,/\©\
HO OH
6a

(25,45,65)-2-(4-Hydroxyphenethyl)-6-(4-hydroxyphenyl)tetrahydro-2H-pyran-4-yl ~ 4-
nitrobenzoate (6a). Ester 6a was prepared from 4-hydroxytretahydropyran 4 (106.4 mg, 0.33
mmol) using the general procedure for Mitsunobu reaction. Purification by column
chromatography (20% EtOAc/hexanes) gave 6a as a colorless oil (63.7 mg, 41%): R,= 0.32
(40% EtOAc/hexanes); [??]5® = -55.3 (¢ 0.25, CHCLy); 'H NMR (300 MHz, CDCls) & 8.30
(d, J=8.7Hz, 2H), 8.17 (d, J= 8.7 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz,
2H), 6.78 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 8.4 Hz, 2H), 5.64-5.41 (m, 1H), 474 (d,J=11.4
Hz, 1H), 4.01-3.80 (m, 1H), 2.85-2.55 (m, 2H), 2.17 (d, J = 14.4 Hz, 1H), 2.11-1.39 (m,
5H); '*C NMR (75 MHz, CDCl3) § 163.9, 155.2, 153.7, 150.7, 135.8, 134.2, 133.9, 130.7,
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129.5, 127.4, 123.7, 115.3, 115.2, 74.0, 72.2, 70.2, 37.6, 37.0, 35.2, 30.6; IR (thin film) 3014,
2924, 1722, 1516, 1347, 1277, 1065 cm™'; HRMS (ESI) m/zcaled for CasHysNaNO; (M +
Na)" 486.1529, found 486.1530.

OH

/@w' O //\©\
HO OH

6

(15,35,55)-1,7-bis(4-hydroxyphenyl)-1,5-epoxy-3-hydroxyheptane (6). Diarylheptanoid6
was prepared from ester 6a (30.2 mg, 0.065 mmol) using the general procedure for
methanolysis. Purification by column chromatography (20% EtOAc/CH,Cl,) gave 6 as a
white solid (17.6 mg, 86%): R = 0.47 (40% EtOAc/CH,Cl,); mp 186188 °C; [7?]%° = -
166.7 (c 0.01, MeOH); mp 186-188 °C; 'H NMR (300 MHz, CD;0D) § 7.20 (d, J = 8.4 Hz,
2H), 6.99 (d, J = 8.4 Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 6.67 (d, J= 8.4 Hz, 2H), 4.70 (d, J =
10.8 Hz, 1H), 4.28—4.16 (m, 1H), 3.97-3.82 (m, 1H), 2.74-2.50 (m, 2H), 1.89-1.46 (m, 6H);
C NMR (75 MHz, CD50D) & 154.9, 153.4, 132.3, 131.5, 127.5, 125.7, 113.1, 113.0, 71.9,
69.7, 62.7, 37.9, 36.6, 36.3, 28.8; IR (thin film) 3137, 2922, 1702, 1613, 1516, 1239 cm™};
HRMS (ESI) m/zcaled for C9H2NaO4 (M + Na)* 337.1416, found 337.1413.



3.'H and PC NMR Spectra
'H NMR (300 MHz, CDCl;) spectrum of 4-formylphenyl benzenesulfonate (20)
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'H NMR (500 MHz, CDCls) spectrum of (£)-cthyl 3-(4-(phenylsulfonyloxy)phenyl)acrylate
(22)
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'H NMR (300 MHz, CDCls) spectrum of ethyl 3-(4-(phenylsulfonyloxy)phenyl)propanoate
(24)
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'H NMR (300 MHz, CDCl3) spectrum of 4-(3-hydroxypropyl)phenylbenzenesulfonate (26)
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"H NMR (300 MHz, CDCls) spectrum of 4-(3-oxopropyl)phenylbenzenesulfonate (28)
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'H NMR (500 MHz, CDCl3) spectrum of compound (R)-30
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"H NMR (300 MHz, CDCls) spectrum of (S)-MTPA ester of (R)-30
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'H NMR (500 MHz, CDCl3) spectrum of compound 31
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'H NMR (300 MHz, CDCl3) spectrum of ethyl 3-(4-hydroxyphenylacrylate (33a)
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'"H NMR (300 MHz, CDCl;) spectrum of ethyl 3-(4-hydroxyphenyl)propanoate (33)
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'H NMR (300 MHz, CDCl5) spectrum of 4-(3-hydroxypropyl)phenyl acetate (35a)
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'"H NMR (300 MHz, CDCI;) spectrum of 4-(3-oxopropyl)phenyl acetate (35)
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'"H NMR (300 MHz, CDCl;) spectrum of (R)-4-(3-hydroxyhex-5-enyl)phenyl acetate ((R)-
36)
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'H NMR (300 MHz, CDCls) spectrum of (S)-MTPA ester of (R)-36
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"H NMR (300 MHz, CDCl5) spectrum of (S)-4-(3-hydroxyhex-5-enyl)phenyl acetate ((5)-36)
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'H NMR (300 MHz, CDCl5) spectrum of (S)-MTPA ester of (S)-36
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'H NMR (300 MHz, CDCl;) spectrum of compound 38
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"H NMR (300 MHz, CD30D) spectrum of diarylheptanoid §
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'H NMR (300 MHz, CDCI;) spectrum of compound 7a

-
Q.
[-9
2000 — L
[ w
[~
¥Ey "
el 1] o
Ll T _—
L0877 0L —
85877 ' w T SE
L8 T - 6 8¢
206" 7\ N s
aNm.”V o 058
395" “\ A
E_‘._.m\ Bl
56172 o)
.ﬂf...m\ o s
179°¢ N
€59 o
v..G.N\ "o
$59°2 T .
€747 O L w w”_mhw/
Ly S ® 5760
2057 — x P « 2>
< ~ P nm”\
o]
L 5
. <
9ILY T o
5S> o < L m.
O o) -2
"\ 3
20§ G mome
"] G
§95° 6 — O ] L.m«]..ﬂ o
[ 2 =] .
o 2 £ um
1696 T g
12078 0
»M» .m/ 6 _ S sserte
o aea N\E k4 o~ SELTI~
51879 o BT T 887621
£107 £y -2 NS O meer—
T80 L —~ $67ET
65274 - o [ AN
19274 J_m @] $ESET
LT o
551°8 b o us
sel mW ® -5 = isesTe—
Lel7s - 82 ¢ vy (ARG -3 S,
70 w“ g 2= I~ erTEET——
16678 8 =
o BMA 76 LT e
<«
= @)
o

OH

NO,

7a

HO




52

'H NMR (300 MHz, CD3;0D) spectrum of diarylheptanoid 7
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"H NMR (300 MHz, CDCl3) spectrum of compound 39
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'H NMR (300 MHz, CD3;0D) spectrum of diarylheptanoid 4

LT [ E
1iets &
T AR
658" 7 -3
FTERR
$2b° T
Zep T Lo
1977 ey [N}
8693 = <
"% |y Em o
v 2¢£°9¢
8L T = e aa,mn/
L08" s = ‘T RN
928" 7 = o ZI0T PSRN
8- = o S0t 967Gy
WMN.“ - 58S
. e1° 9%
986" 3 " 15759
8I0'¢ — F o ./aﬂm 6L 9%
€60°2 S 56°%9%
1952
. . O
g0 5 .
019°¢ - Zigs—
vE9 e - N =
$59°7 - g = §3-€L
Z82°¢ o = 81°6e—
L6E°E = o b=
voit = ° oL a
veL"€ - ¢ m
tesre/ = T =
S,m.:q\ A2 o
PeZ Lo <
¢ bS]
. e
198 — - 1)
-}
J 5 £
=
0T ETT
T " w TTeT
e} o Q.
2]
~ 4927
59° —
-3 w 65 L2Y mr
% LE TET o
b69°s a HLUTET
m;.e/ ) L0 @)
S O
fi'g ; _ [T N
£6 9 5. o b - - an)
75679 — - L@ "80% S
51679 . N
097" : - 0% i 17765 T
7817y T vepsTe—
- R I~
5 =
I o Z
L2 o
[aa]

10 ppm

M 4

AP

Vo

T T
150 140

160

170




55

"H NMR (300 MHz, CDCl3) spectrum of compound 6a
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"H NMR (300 MHz, CD30D) spectrum of diarylheptanoid 6
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4. HPLC traces
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{7 CADY A, Sig=283.8 Reteaff (3053 (BUKAWALEE 2018-415-09 14- 2D 2&KK108.D)
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2. wanivgarundelailannsm
Table 1. Antidiabetic activity via protective action against INS-1 832/13 pancreatic {3-cells

and cytotoxic activity against human colorectal adenocarcinoma (HT-29) cell line of
synthetic diarylheptanoids 1-4 and some synthetic intermediates

Anti-diabetes | Cytotoxic activity against HT-29
INS-1 cells % cell viability | % cytotoxicity
Entry Compound protection
(protection
rate at 20 uM)
OH
1 M 60% 90.95 9.05
BnQ S0,
2 Q’[‘S\"CL 177% 30.32 69.98
HO 050,Ph
3 71% 32.89 67.11
4 No 92.58 7.42
[
B0 ¥ oso,Pn
o1
5 M No 87.75 12.25
o $0:Ph
(?H
6 M 140% 31.92 68.08
8n0 CH,
o
7 gfojv\@ No 63.98 36.02
O50,Ph
8 No 70.76 29.24
9 No 99.72 0.28
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Anti-diabetes

Cytotoxic activity against HT-29

INS-1 cells % cell viability % cytotoxicity
Entry Compound protection
(protection
rate at 20 uM)
Q—i
10 D Q Vﬁ 99% 24.78 75.22
OS0,Ph
11 A ,," No 20.97 79.03
HO : : OH
12 f,j w0, No 112.87 -12.87
. - e '
aao/O m%ﬁozm
H
13 : F‘,(z]., . No 74.53 25.47
En0 : 10. $0,Ph
H
14 : ,é.‘/m 134% 30.13 69.87
HO' B OS0,Ph
oH
is5 No 23.57 76.43

HO OH




