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Diarylethylenes

Meng-Yang Chang,* Yi-Hsuan Huang and Heui-Sn Wang
Department of Medicinal and Applied Chemistry, Kaohsiung Medical University, Kaohsiung 807, Taiwan

Abstract—A facile route toward 1,1-diarylethylenésas been developed in good yields m@PBA-promoted oxidation of
B-hydroxysulfides2, BF;- OEt-mediated Friedel-Crafts reaction of the resultfrgydroxysulfoxides3 with oxygenated
benzened, followed by Pd/C-mediated [2,3]-sigmatropic reagement of sulfoxides The protocol provides a short-term,
easy-operational, inexpensive reagent, mild comdiéind rapidly obtainable transformation.

1. Introduction

Substituted germinal 1,1-diarylethylenes are pregen
many pharmacophorésncluding tamoxiferf, bexarotenég,
iso-combretastatin AigoCA-4),* and ratanhiné The use of
Wittig oelfination of diarylketone and Grignard atitgh of
arylketone followed by dehydration are two comman a
traditional protocols for the synthesis of 1,1-gliathylenes.
Recently, Alami and Barluenga have developed a&seri
syntheses of diversified 1,1-diarylethylenes vidgoum-
mediated cross-coupling of hydrozone with aryl dhedf’
Other efficient approaches for preparing substitutel-
diarylethylenes have been reported via variousagalm
complexes promoting cross-coupling as the majdivpays,
such as (i) the Pdgtatalyzed Kumada-Corriu reaction of
styryl phosphates with ArMg® (i) the Pddba or
Pd(dbaj-catalyzed Negishi reaction of styryl phosphates
with ArznX,2° (iii) the Pd(OAc) or Pd(PhP):-catalyzed
Still reaction of styryl stannanes with AfXand (iv) the
Pd(PhP).Cl,-catalyzed Suzuki-Miyaura reaction of styryl
triflates with ArB(OH).'® Another route to nickel-mediated
Kumada-type cross-coupling styryl sulfides with AgK
has been documentét.

Scheme 1Synthetic routes of 1,1-diarylethylenes
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2. Results and discussion

Based on our observations, we found that transition
metal mediated cross-coupling reactions provide esom
dominant access to substituted 1,1-diarylethyleam@sng
these methodologies, as shown in Scheme 1. Toetbteolh
our knowledge, for the synthesis of 1,1-diaryle¢imds, no
examples on Pd/C-mediated intramolecular [2,3]-
sigmatropic rearrangement of sulfoxide has beenorteg.
Herein, we describe a highly effective three-steptlsetic
route towards substituted 1,1-diarylethyle®esearing the
electron-withdrawing aryl group, the electron-nautaryl
group or the electron-donating aryl groups (&r Ph, 4-
MeCeH,, 2-naphthalene, 4-PRB,, 4-FGH,, 4-MeOGH,;
Ar-H = 1,3'(MeO>C6H4, 1,2-(MeO}C6H4, 1,2-CHO,CgHy,
1,2,3-(MeO}C¢H3), including (i) a mCPBA (meta-
chloroperoxybenzoic acid) promoted oxidation @f
hydroxysulfides 2** (prepared by NaBH mediated
reduction ofp-ketosulfidesl at rt for 10 min) at rt for 10
min, (i) a BR-OEt mediated Friedel-Crafts reaction [bf
hydroxysulfoxides3 with oxygenated benzendsat rt 20
min and (iii) a Pd/C-mediated intramolecular [2,3]-
sigmatropic rearrangement of sulfoxidest rt for 20 min
(Scheme 2).

Scheme 20ur synthetic route of 1,1-diarylethylertes
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Art= Ph, 4-MeCgH,4, 2-naphthalene, 4-PhCgHy4, 4-FCgHj, 4-MeOCgHy
Ar-H = 1,3-(MeO),CgHg, 1,2-(Me0),CgHy, 1,2-CH,0,CgHy, 1,2,3-(MeO)3CeH3

To generate skeleton6, the facile and simple
methodology provides a short-term, easy-operatjonal
inexpensive reagent, mild condition and rapidlyairdble
transformation by a simple three-step syntheticusage
starting with a selective oxidation between a hygit@and
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sulfide group, followed by a benzylic introductioof
oxygenated arenes and then, a sulfoxide eliminatidmin
1 h under open-vessel room temperature conditidhs.
key building blocks in numerous valuable bioactive
intermediates has led to the development of sudfxi
based synthetic approaches to the targéfsfor example,
Pradilla et al. developed a base-promoted intracudde
Su2' cyclization of sulfinyl dienols®> On the basis of
observations, a sulfoxide-based synthetic routeldf
diarylethylenes with the diversified aryl substitte is
developed.

Table 1 Synthesis of diarylmethyl sulfoxidésx and 1,1-
diarylethylenegax*®

OH mCPBA OH O Ar—H 4 Ar O 5%PdiC Ar
) rt, 10 min 3 rt?ggﬂ?n 5 rt, 20 min
entry 2, Art= 4, Ar-H = 5, (%)° 6, (%)
1 2aPh 43, 1,3-(MeO)Ce¢H, 5a 80 643, 89
2 2aPh 4b, 1,2-CHO,C¢H,  5b, 87 6b, 80
3 2aPh 4c, 1,2-(MeO)CgH, 5c, 86 6¢, 82
4 23 Ph 4d, 1,2,3-(MeO)CgH; 5d, 90 6d, 89
5 2b,4-MeGH, 4a 1,3-(MeO)C¢H, 5e 78 6e 81
6 2b,4-MeGH, 4b, 1,2-CHO,CsH, 5f, 83 6f, 80
7 2b,4-MeGH, 4c, 1,2-(MeO)C¢H, 59,81 6g, 74
8 2b,4-MeGH, 4d, 1,2,3-(MeO)C¢H; 5h, 88 6h, 86
9  2¢ 2-naphthyl 4a 1,3-(MeO)C¢H, 5i,80 6i, 81
10 2c 2-naphthyl 4b, 1,2-CHO,C¢H, 5, 84 6j, 76
11 2c 2-naphthyl 4c, 1,2-(MeO)CgH, 5k, 83 6k, 80
12 2c, 2-naphthyl 4d, 1,2,3-(MeO)CgH; 51,92 6l, 85
13 2d,4-PhGH,; 4a 1,3-(MeO)C¢H, 5m, 74 6m, 78
14 2d, 4-PhGH,; 4b, 1,2-CHO,C¢H, 5n,82 6n, 74
15 2d,4-PhGH,; 4c 1,2-(MeO)CgH,; 50,80 60, 80
16 2d,4-PhGH,; 4d, 1,2,3-(MeO)CgH3 5p, 87 6p, 81
17 2e 4-FGH, 43, 1,3-(MeO)CgH, 50,72 6q, 76
18 2e 4-FGH, 4b, 1,2-CHO,C¢H,  5r, 80 6r, 87
19 2e 4-FGH, 4c, 1,2-(MeO)C¢H, 55 80 65 82
20 2e 4-FGH, 4d, 1,2,3-(MeO)CgH; 5t, 84 6t, 83
21 2f, 4-MeOGH,; 4a 1,3-(MeO)CgH,; 5u, 85 6u, 82
22 2f, 4-MeOGH, 4b, 1,2-CHO,C¢H, 5v, 90 6v, 78
23 2f, 4-MeOGH,; 4c, 1,2-(MeO)C¢H, 5w, 90 6w, 78
24 2f, 4-MeOGH, 4d, 1,2,3-(MeO)CgH5 5%, 93 6X, 82

#The synthesis d§ was run on a 1.0 mmol scale wthmCPBA
(freshly purified, 173 mg, 1.0 equiv), GEl, (10 mL), 10 min, rt;
then4 (1.0 equiv), Bk OE} (142 mg, 1.0 mmol), 20 min, rt.
®The synthesis df was run on a 0.5 mmol scale wih5% Pd/C
(100 mg), EtOH (10 mL), 20 min, rt.

‘Isolated yields.

Our preliminary investigation started with an oxida
of 2a (Ar' = Ph) in CHCI, with 3.0 equiv of commercially
availablemCPBA (70~75%) as an oxidant at rt for 60 min,

which resulted in 50% pB-ketosulfone, 30% pB-
hydroxysulfone and 129%-hydroxysulfoxide3a. The low
yield of 3a was attributed to over-oxidation oiCPBA and

a longer reaction time. To address this concem,ptlrity
(washed by PH = 7.4 buffer solution) and equivaleft
MCPBA was adjusted (3.8 1.0 equiv) and time was
shortened (66> 10 min). The reaction conditions provided
3a in a quantitative yield with no side products.
Furthermore, treatment dda with a 2.0 equiv of 1,3-
dimethoxybenzene4f) produced isomerSa (80%) with a
1:1 ratio in the presence of BEOES (1.0 equiv) at rt for 20
min. We assumed that two diastereoisomers areut s
two chiral centers (carbon and sulfur atom) inrti@ecule

5a by a two-step route. There are different positam
aromatic4a could possibly participate in the Friedel-Crafts
reaction of3a, and this might lead to different isomers of
5a. However, we found that only para-position of noath
group on4a participated Friedel-Crafts reaction 8& to
generateba. During the procedure, no other isomers were
observed® Sulfoxide elimination of5a under refluxing
toluene condition was examined next but traditional
thermolysis of5a with two isomers afforde®a in a 40%
yield along with 32% of an unknown polymer for 10 a
subsequent attempt, 5% Pd/C (100 mg) was introdasex
catalyst to improve the reaction reactivity. Plaght, the
isolated yield o6a was increased to 89%, and the reaction
temperature and time were also decreased to rR@mdin.
Increasing the amounts of 5% Pd/C (200 mg) also
generated similar yields d@a (92%). To make three-step
sequence more practical, Pd/C-mediated eliminatbn
crude 5a was examined. Compared with the above work
(for 5a, 80%; for6a, 89%), a lower yield o6a (55%) was
provided.

According to the above synthetic sequenae€RBA-
promoted oxidation, BfOEb-mediated Friedel-Crafts
reaction with oxygenated benzenes and Pd/C-cathlyze
sulfoxide elimination), we explored the substratepe,
and the results are shown in Table 1. To adjustAtte
group of 2af (Ar' = Ph, 4-MeGH,4, 2-naphthalene, 4-
PhGH,, 4-FGH,4, 4-MeOGH,) and Ar-H group of4a-d
(Ar-H = 1,3-(MeO)}CgH4, 1,2-(MeO)}CeH,, 1,2-
CH,0,CgH,4, 1,2,3-(MeO)CeHs3), 5a-%, with an unseparated
mixture (ratio 1:1 to 2:1), were provided in a rangf
72~92% vyields, as shown in entries 1-24. For thé Ar
groups of2, the phenyl ring, with an electron-donating 4-
methoxyphenyl group (fdBu-x) provided better yields than
the electron-withdrawing 4-fluorophenyl groupgft), and
the phenyl ring, with an electron-neutral substituesuch
as Ph b%ad), 4-MeGH, (5eh), 4-PhGH, (5i-), and 2-
naphthalenegm-p) also provided modest to good vyields.
For the substituents of Ar-Bin particular4d with a 1,2,3-
trimethoxyphenyl ring produced better results tH&mac,
with two oxygenated motifs. With the optimized cdiwhs
in hand, Pd/C-mediated sulfoxide eliminatiorbafx led to
6a-Xx in modest to good yields. All entries 1-24 perfedn
successfully in preparing a skeleton of 1,1-dighylenes.
The structural framework @dw was determined by single-
crystal X-ray crystallography (Figure 1).
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Figure 1: X-ray structure obw

Table 2. Synthesis of 1,3-bis(1-arylethenyl)benze8as®**

MeO At O MeO  Art
(for 2a-d, 2f) S.
OH mCPBA 4a (0.5 eq) 5% Pd/C
SAos, — MeO o} MeO
Ar Ph BF3°OEt, I
1 ~ 1
2 (0.5 mmol) Ar Ph Ar
Ta-e 8a-e
mCPBA
Art
4a (L0 eq) 3b be (10ec eq) 5% PdIC Pd/C
BF3 OElz H BF3 OElz H
(for 2a, Art = ph) P
8f-i
MeO MeO MeO MeO MeO
MeO MeO MeO MeO I MeO I
8a (68% 8b (62%) 8c (70% 8d (68%) 8e (62%)
MeO MeO MeO MeO
MeO I MeO l MeO ! MeO
8f (57%) 8g (68% 8h (69%) 8| (64%)

#The synthesis da-e was run on a 0.5 mmol scale wizh-d or

2f, mCPBA (freshly purified, 87 mg, 1.0 equiv), GEl, (10 mL),
10 min, rt;4a (35 mg, 0.5 equiv), BFOE% (71 mg, 1.0 equiv), 20
min, rt; 5% Pd/Q100 mg), EtOH (10 mL), 20 min, rt.

®The synthesis df-i was run on a 0.5 mmol scale wzh (115
mg), MCPBA (freshly prepared, 87 mg, 1.0 equiv),H (10
mL), 10 min, rt;4a (69 mg, 1.0 equiv), BFOE} (71 mg, 1.0
equiv), 20 min, rt3b-e (1.0 equiv), BR- OE% (71 mg, 1.0 equiv),
20 min, rt; 5% Pd/@100 mg), EtOH (10 mL), 20 min, rt.
‘Isolated yields.

To show the potential application of the curremeéh
step protocol, we embarked on the synthesis ofdbexh
1,3-bis(1-arylethenyl)benzenes. For the formatibmavel
functionalized materials, this core skeleton wa® & key
monomer of styrene via tandem polymerizafidrvery

limited routes appeared in the literature for egthing the
branched skeleton using some traditional functigralup
transformations such as Grignard methylation of- 1,3
diaroylbenzene followed by dehydration or doubletthyi
olefination of 1,3-diaroylbenzene. As shown in T&aB| our
analysis indicates that symmetri@a-e were generated by
oxidation of2a-d or 2f with mCPBA, double Friedel-Crafts
reaction with4a in the presence of BFOEb, and Pd/C-
catalyzed sulfoxide elimination @fa-f in 62-70% yields of
the three-step route. For the unsymmetrfal, a similar
route performed well via intermediaté&i. The provided
yields were distributed in a range of 57-69% yiel@ilke
structure of8a was determined by single-crystal X-ray
crystallography (Figure 2Y.

Figure 2: X-ray structure o8a
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Scheme 3Synthesis of 1-(3,4-dimethoxyphenyl)-1-
phenylethylen&a
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Changing the starting substrate fr&a with a phenyl
group (thiophenol) to 9 with an alkyl group (1,2-
ethanedithiol), the three-step route providgadin an 88%
yield, as shown in Scheme 3. Interestingly, treatnud 9
with 2.0 equivalents ofnCPBA vyielded intermediatd0
with a bis-sulfoxide group, and no sulfone motif swa
generated. By the involvement 8& (2.0 equiv),11 was
formed via a double intermolecular Friedel-Cra#aation.
After the removal of sulfoxide, two equivalentsGz were
obtained. In order to explore the application ofl-1,
diarylethylenes, synthesis of the benzofuran skeleton was
further tested. Development of a new single-stagerdor
simultaneous bond formation and ring-constructioh o
benzofurans still represented a continuing needthim
organic synthetic field® However, intramolecular
annulation was also a popular route to such benaofu
among the existing method$?*° As shown in Scheme 4,
treatment of6a, 6e 61, 6m, 6q and 6u with 10 mol% of



4
Hg(OTf), in MeNG, afforded 12af with a benzofuran
skeleton in modest vyields (70-78%) via one-pot

intramolecular cycloisomerization.

Scheme 4 Synthesis of benzofurad@af

Hg(OTf),
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19
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Scheme 5Synthesis of 1,3-bis(1-phenylethenyl)benzene
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OH mCPBA 4e (0.3 mmol) 5% Pd/C

S. OMe

Ph Ph
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By the current three-step route, the installatidntiee
tris-styryl group to the benzene skeleton was stlidi
Controlling the involvement of 1,3,5-trimethoxybenz
(4e 1.0 equiv),2a (3.0 equiv) was converted tB3 in a
40% vyield via the above method, as shown in Schéme
Under the reaction conditions, no desifebwas observed.
Increasing the amounts &a (5 equiv), in attempts to
afford 14 still failed due to the decreased ability of the
electron-donating methoxy group and more steridfaince
of the third styryl motif. The structural framewodf 13
was determined by single-crystal X-ray crystallq@dna
(Figure 3)*’

3. Conclusion

In summary, we have developed a short-term, easy-

operational, inexpensive reagent, mild conditiond an
rapidly obtainable synthesis of substituted 1,1-
diarylethyleness and8 in moderate to good yields via an
MCPBA-promoted oxidation off-hydroxysulfides 2, a
BF;- OEt-mediated Friedel-Crafts reaction of the resulting
B-hydroxysulfoxides 3 with oxygenated benzened,
followed by a Pd/C-mediated [2,3]-sigmatropic
rearrangement of sulfoxidés The structures of the key
products were confirmed by X-ray crystallography.
Synthesis of the benzofuran skeleton was furtheeldped
via Hg(OTf)-mediated intramolecular annulation of 1,1-
diarylethylenes. Further investigation regarding synthetic
applications off3-hydroxysulfides will be conducted and
published in due course.

Tetrahedron

Figure 3: X-ray structure o3

4. Experimental section

4.1. General. All other reagents and solvents were obtained
from commercial sources and used without further
purification. Reactions were routinely carried autder an
atmosphere of dry nitrogen with magnetic stirrifgoducts

in organic solvents were dried with anhydrous magme
sulfate before concentration in vacuo. Melting p®inere
determined with a SMP3 melting apparafitsand**C NMR
spectra were recorded on a Varian INOVA-400 speutter
operating at 400 and at 100 MHz, respectively. Gbam
shifts @) are reported in parts per million (ppm) and the
coupling constantsJ] are given in Hertz. High resolution
mass spectra (HRMS) were measured with a mass
spectrometer Finnigan/Thermo Quest MAT 95XL. X-ray
crystal structures were obtained with an Enraf-NenkFR-
590 diffractometer (CAD4, Kappa CCD).

4.2. A representative synthetic procedure of compounds 5a-x
is as follows: Commercially availablemCPBA (Alfa,
70~75%, 50 g) was dissolved in ether (250 mL) aaghed
with buffer solution (4 x 250 mL, pH =7.5; 410 mE0.1 M
NaOH, 250 mL of 0.2 M KKPQ, and 340 mL of water). The
ether layer was dried and carefully evaporated urettuced
pressure to give ca. 30 g pun€PBA (CAUTION! potential
explosive)?* Freshly purifiedmCPBA (173 mg, 1.0 mmol)
was added to a solution pfhydroxysulfides?af (1.0 mmol)
in CH,Cl, (10 mL) at rt. The reaction mixture was stirredtat
for 10 min. Oxygenated benzends-d (1.0 mmol) was
added to the reaction mixture at rt. Theng®BFEL (142 mg,
1.0 mmol) was added to the reaction mixture affter the
reaction mixture was stirred at rt for 20 min, sated
NaHCQG; solution (10 mL) was added to the reaction mixture
The reaction mixture was extracted with £t (3 x 20 mL).
The combined organic layers were washed with bidnied,
filtered and evaporated to afford crude producteundduced
pressure. Purification on silica gel (hexanes/EtGA1~1/1)
afforded5a-x.

4.2.1. Compound (5a). Two isomers (ratio ~ 1:1); Yield =
80% (293 mg); HRMS (ESI, k1) calcd for GH20:S
367.1368, found 367.1372H NMR (400 MHz, CDC)): &
7.64-7.59 (m, 2H), 7.53-7.46 (m, 3H), 7.34-7.16 @),
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7.12 (d,J = 8.4 Hz, 1/2H), 7.08 (d] = 8.0 Hz, 1/2H), 6.50-
6.40 (m, 2H), 4.80 (dd] = 6.0, 10.0 Hz, 1/2H), 4.74 (dd =
6.4, 10.0 Hz, 1/2H), 3.78 (s, 3/2H), 3.76 (s, 3/2BIY5 (s,
3/2H), 3.72 (s, 3/2H), 3.60-3.54 (m, 1H), 3.49-3(89 1H).

4.2.2. Compound (5b). Two isomers (ratio ~ 1:1); Yield =
87% (305 mg); HRMS (ESI, 1) calcd for GH;40:S
351.1055, found 351.10584 NMR (400 MHz, CDC)): &
7.63-7.60 (m, 2H), 7.53-7.47 (m, 3H), 7.37-7.17 GHl),
6.86 (dd,J = 1.6, 8.0 Hz, 1/2H), 6.79 (d,= 7.6 Hz, 1/2 H),
6.78 (d,J = 2.0 Hz, 1/2H), 6.70 (br s, 1H), 6.68 (5 7.6
Hz, 1/2H), 5.93 (dJ = 1.2 Hz, 1/2H), 6.92 (d] = 1.6 Hz,
1/2H), 5.88 (d,J = 1.2 Hz, 1/2H), 5.88 (dJ = 1.2 Hz,
1/2H), 4.54 (dd)J = 4.8, 10.8 Hz, 1/2H), 4.49 (dd= 5.6,
10.8 Hz, 1/2H), 3.47-3.30 (m, 2H).

4.2.3. Compound (5c). Two isomers (ratio ~ 1:1); Yield =
86% (315 mg); HRMS (ESI, M1) calcd for GH,305S
367.1368, found 367.13684 NMR (400 MHz, CDCJ): &
7.61-7.58 (m, 2H), 7.50-7.45 (m, 3H), 7.37-7.32 @Hl),
7.28-7.15 (m, 3H), 6.92-6.82 (m, 3/2H), 6.76-6.7h, (
3/2H), 4.56 (ddJ = 5.2, 10.8 Hz, 1/2H), 4.51 (dd= 5.2,
10.8 Hz, 1/2H), 3.85 (s, 3/2H), 3.84 (s, 3/2H),BG,
3/2H), 3.79 (s, 3/2H), 3.48-3.34 (m, 2H).

4.2.4. Compound (5d). Two isomers (ratio ~ 1:1); Yield =
90% (356 mg); HRMS (ESI, fM1) calcd for GsH,:0,S
397.1474, found 397.14884 NMR (400 MHz, CDC)): &
7.64-7.59 (m, 2H), 7.52-7.45 (m, 3H), 7.31-7.15 GH),
6.97 (d,J = 8.8 Hz, 1/2H), 6.88 (d] = 8.4 Hz, 1/2H), 6.67
(d, J = 8.4 Hz, 1/2H), 6.59 (dl = 8.4 Hz, 1/2H), 4.80 (dd,
J=6.0, 10.0 Hz, 1/2H), 4.74 (,= 8.4 Hz, 1/2H), 3.84 (s,
3H), 3.81 (s, 3/2H), 3.80 (s, 3/2H), 3.63 (s, 3/28Ip1 (s,
3/2H), 3.49 (dJ = 8.4 Hz, 1H), 3.43 (ddl = 10.0, 12.8 Hz,
1H).

4.2.5. Compound (5€). Two isomers (ratio ~ 1:1); Yield =
78% (296 mg); HRMS (ESI, M1) calcd for GsH,:05S
381.1524, found 381.15384 NMR (400 MHz, CDC)): &
7.64-7.59 (m, 2H), 7.53-7.46 (m, 3H), 7.23-7.02 GH),
6.48-6.40 (m, 2H), 4.76 (dd,= 6.0, 10.0 Hz, 1/2H), 4.67
(dd,J = 6.8, 9.2 Hz, 1/2H), 3.78 (s, 3/2H), 3.76 (s,Hd/2
3.75 (s, 3/2H), 3.72 (s, 3/2H), 3.58-3.36 (m, 2RIB1 (s,
3/2H), 2.28 (s, 3/2H).

4.2.6. Compound (5f). Two isomers (ratio ~ 1:1); Yield =
83% (302 mg); HRMS (ESI, fM1) calcd for GH,,05S
365.1212, found 365.12184 NMR (400 MHz, CDC)): &
7.63-7.61 (m, 2H), 7.53-7.48 (m, 3H), 7.23-7.07 @Hl),
6.87-6.69 (m, 3H), 5.93 (d,= 1.6 Hz, 1/2H), 5.91 (dl =
1.6 Hz, 1/2H), 5.87 (d] = 1.2 Hz, 1/2H), 5.87 (d]1 = 1.2
Hz, 1/2H), 4.51-4.45 (m, 1H), 3.46-3.29 (m, 2H}32(s,
3/2H), 2.29 (s, 3/2H).

4.2.7. Compound (5g). Two isomers (ratio ~ 1:1); Yield =
81% (308 mg); HRMS (ESI, M1) calcd for GsH,s05S
381.1524, found 381.15314 NMR (400 MHz, CDC)): &
7.62-7.58 (m, 2H), 7.51-7.45 (m, 3H), 7.24-7.06 @Hl),
6.91-6.71 (m, 3H), 4.53-4.47 (m, 1H), 3.85 (s, 3/2Bi84
(s, 3/2H), 3.80 (s, 3/2H), 3.79 (s, 3/2H), 3.4733(M, 2H),
2.32 (s, 3/2H), 2.27 (s, 3/2H).

4.2.8. Compound (5h). Two isomers (ratio ~ 1:1); Yield =
88% (361 mg); HRMS (ESI, 1) calcd for GH,;0,S
411.1630, found 411.163% NMR (400 MHz, CDC)): &
7.64-7.60 (m, 2H), 7.54-7.47 (m, 3H), 7.20 Jd5 8.4 Hz,
1H), 7.14-7.11 (m, 2H), 7.08 (d,= 8.0 Hz, 1H), 6.94 (d]

= 8.8 Hz, 1/2H), 6.87 (dJ = 8.8 Hz, 1/2 H), 6.66 (d] =
8.8 Hz, 1/2H), 6.59 (d] = 8.8 Hz, 1/2H), 4.77 (dd,= 6.0,
10.0 Hz, 1/2H), 4.68 (dd] = 6.8, 9.6 Hz, 1/2H), 3.84 (s,
3/2H), 3.83 (s, 3/2H), 3.81 (s, 3H), 3.66 (s, 3/281B3 (s,
3/2H), 3.50-3.34 (m, 2H), 2.31 (s, 3/2H), 2.283RH).

4.2.9. Compound (5i). Two isomers (ratio ~ 2:1); Yield =
80% (333 mg); HRMS (ESI, M1) calcd for GgH,:05S
417.1524, found 417.15284 NMR (400 MHz, CDC)): &
7.82-7.61 (m, 6H), 7.54-7.35 (m, 5H), 7.14-7.11 (iH),
6.50-6.41 (m, 3H), 4.98 (dd,= 6.0, 10.0 Hz, 1/3H), 4.89
(dd,J = 6.8, 9.6 Hz, 2/3H), 3.79 (s, 2H), 3.77 (s, 1816
(s, 1H), 3.73 (s, 2H), 3.67-3.48 (m, 2H).

4.2.10. Compound (5j). Two isomers (ratio ~ 1:1); Yield =
84% (336 mg); HRMS (ESI, M1) calcd for GsH,,05S
401.1212, found 401.12184 NMR (400 MHz, CDC)): &
7.86-7.61 (m, 6H), 7.53-7.30 (m, 6H), 6.93 (dd= 1.6,
8.0 Hz, 1/2H), 6.83 (d) = 1.6 Hz, 1/2H), 6.82 (d] = 8.0
Hz, 1/2H), 6.76 (ddJ = 1.6, 8.0 Hz, 1/2H), 6.75 (s, 1/2H),
6.72 (d,J = 8.0 Hz, 1/2H), 5.94 (dl = 1.2 Hz, 1/2H), 5.92
(d,J = 1.2 Hz, 1/2H), 5.88 (d = 1.6 Hz, 1/2H), 5.87 (dl

= 1.2 Hz, 1/2H), 4.73-4.68 (m, 1H), 3.59-3.41 (H)2

4.2.11. Compound (5k). Two isomers (ratio ~ 2:1); Yield =
83% (345 mg); HRMS (ESI, fM1) calcd for GgH,s05S
417.1524, found 417.15281 NMR (400 MHz, CDC)): &
7.86-7.61 (m, 6H), 7.53-7.31 (m, 6H), 6.96 (dd+ 2.0,
8.4 Hz, 1/3H), 6.88 (d] = 8.4 Hz, 2/3H), 6.87 (d] = 2.0
Hz, 1/3H), 6.82 (ddJ = 2.0, 8.4 Hz, 2/3H), 6.78 (s, 2/3 H),
6.77 (s, 1/3H), 4.76-4.70 (m, 1H), 3.87 (s, 2HBZ3(s,
2H), 3.82 (s, 1H), 3.80 (s, 1H), 3.61-3.44 (m, 2H).

4.2.12. Compound (5). Two isomers (ratio ~ 1:1); Yield =
92% (410 mg); HRMS (ESI, 1) calcd for G;H,;0,S
447.1630, found 447.163% NMR (400 MHz, CDC)): &
7.83-7.61 (m, 6H), 7.55-7.34 (m, 6H), 7.00 {d5 8.4 Hz,
1/2H), 6.95 (d,J = 8.8 Hz, 1/2H), 6.68 (d) = 8.8 Hz,
1/2H), 6.61 (dJ = 8.4 Hz, 1/2H), 4.99 (dd] = 6.0, 10.0
Hz, 1/2H), 4.89 (ddJ = 6.8, 10.0 Hz, 1/2H), 3.85 (s, 3H),
3.82 (s, 3/2H), 3.81 (s, 3/2H), 3.63 (s, 3/2H) 136, 3/2H),
3.66-3.47 (m, 2H).

4.2.13. Compound (5m). Two isomers (ratio ~ 2:1); Yield
= 74% (327 mg); HRMS (ESI, f1) calcd for GgH,705S
443.1681, found 443.168&1 NMR (400 MHz, CDC)): &
7.67-7.30 (m, 14H), 7.17 (d,= 8.4 Hz, 1/3H), 7.12 (dl =
8.0 Hz, 2/3H), 6.52-6.42 (m, 2H), 4.84 (db= 6.4, 10.0
Hz, 2/3H), 4.80 (ddJ = 6.0, 9.6 Hz, 1/3H), 3.80 (s, 1H),
3.78 (s, 2H), 3.77 (s, 2H), 3.76 (s, 1H), 3.66-3158 1H),
3.53-3.43 (m, 1H).

4.2.14. Compound (5n). Two isomers (ratio ~ 1:1); Yield =
82% (349 mg); HRMS (ESI, M1) calcd for GH,305S
427.1368, found 427.1373H NMR (400 MHz, CDC)): &
7.66-7.29 (m, 14H), 6.92 (dd,= 2.0, 8.0 Hz, 1/2H), 6.85
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(d,J = 1.6 Hz, 1/2H), 6.83 (d] = 8.0 Hz, 1/2H), 6.76 (m,
3/2H), 6.94 (d,J = 1.2 Hz, 1/2H), 6.93 (d) = 1.2 Hz,
1/2H), 6.90 (d,J = 1.2 Hz, 1/2H), 6.88 (d) = 1.2 Hz,
1/2H), 4.64-4.55 (m, 1H), 3.51-3.37 (m, 2H).

4.2.15. Compound (50). Two isomers (ratio ~ 1:1); Yield =
80% (354 mg); HRMS (ESI, M1) calcd for GgH,;05S
443.1681, found 443.16884 NMR (400 MHz, CDC)): &
7.65-7.29 (m, 14H), 6.97 (dd,= 2.0, 8.0 Hz, 1/2H), 6.90
(br s, 1/2H), 6.89 (d] = 8.0 Hz, 1/2H), 6.88 (d] = 2.0 Hz,
1/2H), 6.81 (ddJ = 2.0, 8.0 Hz, 1/2H), 6.78 (dd,= 2.0,
8.0 Hz, 1/2H), 4.64 (dd] = 5.2, 10.8 Hz, 1/2H), 4.59 (dd,
J=5.6, 10.4 Hz, 1/2H), 3.87 (s, 3/2H), 3.86 (2+8), 3.82
(s, 3/2H), 3.81 (s, 3/2H), 3.53-3.40 (m, 2H).

4.2.16. Compound (5p). Two isomers (ratio ~ 1:1); Yield =
87% (411 mg); HRMS (ESI, M1) calcd for GeH,g0,S
473.1787, found 473.17934 NMR (400 MHz, CDC)): &
7.68-7.29 (m, 14H), 7.03 (d,= 8.8 Hz, 1/2H), 6.93 (d} =
8.8 Hz, 1/2H), 6.71 (d] = 8.4 Hz, 1/2H), 6.62 (d] = 8.8
Hz, 1/2H), 4.89 (ddJ = 6.0, 10.0 Hz, 1/2H), 4.84 (,=
8.4 Hz, 1/2H), 3.87 (s, 3/2H), 3.85 (s, 3/2H), 3(843/2H),
3.82 (s, 3/2H), 3.71 (s, 3/2H), 3.70 (s, 3/2H)53H43 (m,
2H).

4.2.17. Compound (5q). Two isomers (ratio ~ 1:1); Yield =
72% (276 mg); HRMS (ESI, 1) calcd for GHxFOsS
385.1274, found 385.12784 NMR (400 MHz, CDC)): &
7.62-7.57 (m, 2H), 7.52-7.46 (m, 3H), 7.29-7.26 (iHl),
7.21-7.18 (m, 1H), 7.10 (d,= 8.4 Hz, 1/2H), 7.03 (dl =
8.0 Hz, 1/2H), 7.00-6.91 (m, 2H), 6.49-6.39 (m, 24)’7
(dd, J = 5.6, 18.8 Hz, 1/2H), 4.72 (dd,= 2.4, 18.8 Hz,
1/2H), 3.79 (s, 3/2H), 3.77 (s, 3/2H), 3.74 (sHB23.73 (s,
3/2H), 3.57-3.48 (m, 1H), 3.41-3.31 (m, 1H).

4.2.18. Compound (5r). Two isomers (ratio ~ 1:1); Yield =
80% (294 mg); HRMS (ESI, 1) calcd for GH,FOS
369.0961, found 369.096%4 NMR (400 MHz, CDC)): &
7.61-7.58 (m, 2H), 7.51-7.47 (m, 3H), 7.30-7.26 (iH),
7.17-7.13 (m, 1H), 7.05-7.00 (m, 1H), 6.96-6.91 (iH),
6.83 (dt,J = 1.6 Hz, 8.0 Hz, 1/2H), 6.78 (d,= 8.0 Hz,
1/2H), 6.74 (d,J) = 1.6 Hz, 1/2H), 6.70 (dd),= 0.4, 8.0 Hz,
1/2H), 6.66 (d,J = 1.6 Hz, 1/2H), 6.64 (s, 1/2H), 5.91 (4,
= 1.2 Hz, 1H), 5.87 (d] = 1.6 Hz, 1H), 4.55-4.47 (m, 1H),
3.42-3.27 (m, 2H).

4.2.19. Compound (5s). Two isomers (ratio ~ 1:1); Yield =
80% (307 mg); HRMS (ESI, 1) calcd for GHxFOsS
385.1274, found 385.12784 NMR (400 MHz, CDC)): &
7.59-7.55 (m, 2H), 7.48-7.42 (m, 3H), 7.31-7.26 (Hl),
7.16-7.13 (m, 1H), 7.03-6.99 (m, 1H), 6.93-6.88 (rHl),
6.86 (d,J = 2.0 Hz, 1/2H), 6.84 (d] = 8.4 Hz, 1/2H), 6.78
(d,J=2.0 Hz, 1/2H), 6.74 (dl = 8.4 Hz, 1/2H), 6.71 (dd,
J = 2.0, 8.4 Hz, 1/2H), 6.66 (d,= 2.0 Hz, 1/2H), 4.56-
4.48 (m, 1H), 3.83 (s, 3/2H), 3.82 (s, 3/2H), 3(83/2H),
3.77 (s, 3/2H), 3.44-3.29 (m, 2H).

4.2.20. Compound (5t). Two isomers (ratio ~ 1:1); Yield =
84% (348 mg); HRMS (ESI, 1) calcd for GiH,FO,S
415.1379, found 415.138% NMR (400 MHz, CDC)): &
7.62-7.58 (m, 2H), 7.52-7.45 (m, 3H), 7.29-7.26 (rHl),
7.21-7.17 (m, 1H), 7.00 (d,= 8.4 Hz, 1/2H), 6.97-6.91 (m,

2H), 6.84 (dJ = 8.8 Hz, 1/2H), 6.67 (d] = 8.4 Hz, 1/2H),
6.58 (d,J = 8.8 Hz, 1/2H), 4.81-4.71 (m, 1H), 3.84 (s,
3/2H), 3.83 (s, 3/2H), 3.80 (s, 3/2H), 3.79 (s,H9(23.63 (s,
3H), 3.50-3.30 (m, 2H).

4.2.21. Compound (5u). Two isomers (ratio ~ 1:1); Yield =
85% (337 mg); HRMS (ESI, M1) calcd for GsH,:0,S
397.1474, found 397.1481 NMR (400 MHz, CDC)): &
7.63-7.58 (m, 2H), 7.50-7.43 (m, 3H), 7.25 Jd; 8.8 Hz,
1H), 7.17 (d,J = 8.8 Hz, 1H), 7.09 (d] = 8.4 Hz, 1/2H),
7.05 (d,J=9.2 Hz, 1/2H), 6.84 (dl = 8.8 Hz, 1H), 6.80 (d,
J = 8.4 Hz, 1H), 6.47-6.39 (m, 2H), 4.77 (dds 6.0, 10.4
Hz, 1/2H), 4.66 (dd) = 6.8, 10.0 Hz, 1/2H), 3.75 (s, 3/2H),
3.74 (s, 3/2H), 3.73 (s, 3H), 3.72 (s, 3/2H), 3(303/2H),
3.57-3.33 (m, 2H).

4.2.22. Compound (5v). Two isomers (ratio ~ 1:1); Yield =
90% (342 mg); HRMS (ESI, M1) calcd for GH,,0,S
381.1161, found 381.11634 NMR (400 MHz, CDC)): &
7.61-7.58 (m, 2H), 7.49-7.45 (m, 3H), 7.24 Jds 8.8 Hz,
1H), 7.11 (dJ = 8.8 Hz, 1H), 6.90-6.75 (m, 4H), 6.67 (br s,
1H), 5.89 (dJ = 1.2 Hz, 1/2H), 5.88 (dl = 1.2 Hz, 1/2H),
5.84 (s, 1H), 4.46 (dd, = 5.6, 12.0 Hz, 1H), 3.76 (s, 3/2H),
3.72 (s, 3/2H), 3.42-3.27 (m, 2H).

4.2.23. Compound (5w). Two isomers (ratio ~ 1:1); Yield =
90% (356 mg); HRMS (ESI, fM1) calcd for GsH,:0,S
397.1474, found 379.14784 NMR (400 MHz, CDC)): &
7.60-7.58 (m, 2H), 7.50-7.44 (m, 3H), 7.25 Jd; 8.8 Hz,
1H), 7.12 (d,) = 8.8 Hz, 1H), 6.89-6.69 (m, 5H), 4.50-4.46
(m, 1H), 3.84 (s, 3/2H), 3.83 (s, 3/2H), 3.79 (&H, 3.78
(s, 3/2H), 3.77 (s, 3/2H), 3.72 (s, 3/2H), 3.4463(f, 2H).

4.2.24. Compound (5x). Two isomers (ratio ~ 1:1); Yield =
93% (396 mg); HRMS (ESI, M1) calcd for G4H,;05S
427.1579, found 427.158% NMR (400 MHz, CDC)): &
7.63-7.57 (m, 2H), 7.51-7.43 (m, 3H), 7.23 Jd; 8.4 Hz,
1H), 7.15 (d,J = 8.4 Hz, 1H), 6.93 (dJ = 8.8 Hz, 1H),
6.85 (d,J = 8.8 Hz, 1H), 6.84 (d] = 8.4 Hz, 1/2H), 6.79 (d,
J = 8.8 Hz, 1/2H), 6.65 (d] = 8.4 Hz, 1/2H), 6.57 (d] =
8.4 Hz, 1/2H), 4.76 (dd] = 5.6, 10.4 Hz, 1/2H), 4.66 (,
= 8.4 Hz, 1/2H), 3.82 (s, 3/2H), 3.81 (s, 3/2H)7B s,
3/2H), 3.78 (s, 3/2H), 3.74 (s, 3/2H), 3.72 (s,H8/23.64 (s,
3/2H), 3.62 (s, 3/2H), 3.45 (d,= 8.0 Hz, 1H), 3.42-3.30
(m, 1H).

4.3. A representative synthetic procedure of compounds
6a-x is as follows: 5% Pd/C (100 mg) was added to a
solution of 5 (0.5 mmol) in EtOH (10 mL) at rt. The
reaction mixture was stirred at rt for 20 min. Teaction
mixture was filtered and washed by @b (2 x 10 mL).
The combined organic layers were dried, filteredd an
evaporated to afford crude product under reducedsprre.
Purification on silica gel (hexanes/EtOAc = 10/1H5/
afforded6a-x.

4.3.1. Compound (6a). Yield = 89% (107 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH./0, 241.1229,
found 241.1232'H NMR (400 MHz, CDCJ): § 7.33-7.25
(m, 5H), 7.17 (dJ = 8.0 Hz, 1H), 6.54-6.50 (m, 2H), 5.68
(d, J = 1.6 Hz, 1H), 5.32 (d) = 1.6 Hz, 1H), 3.85 (s, 3H),
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3.63 (s, 3H);*®C NMR (100 MHz, CDG)): & 160.59,
158.11, 146.64, 141.48, 131.65, 129.65, 127.93,(2x)
127.16, 126.41 (2x), 115.05, 104.19, 99.00, 55534.

4.3.2. Compound (6b). Yield = 80% (90 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GsH150, 225.0916,
found 225.0920'H NMR (400 MHz, CDC)): & 7.37-7.32
(m, 5H), 6.85 (dJ = 1.6 Hz, 1H), 6.84 (dd] = 1.6, 8.0 Hz,
1H), 6.78 (dJ = 8.0 Hz, 1H), 5.98 (s, 2H), 5.40 @z 1.2

Hz, 1H), 3.37 (dJ = 1.2 Hz, 1H);**C NMR (100 MHz,
CDCL): 5 149.60, 147.24, 141.60, 135.73, 129.04, 128.30
(2x), 128.12 (2x), 127.70, 122.00, 113.35, 108B¥,.91,
101.05.

4.3.3. Compound (6¢). Yield = 82% (98 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH1/0, 241.1229,
found 241.1232'H NMR (400 MHz, CDCJ): § 7.39-7.33
(m, 5H), 6.91 (ddJ = 2.0, 8.8 Hz, 1H), 6.90 (s, 1H), 6.84
(d, J=8.8 Hz, 1H), 5.43 (d] = 1.2 Hz, 1H), 5.40 (d] =
1.2 Hz, 1H), 3.91 (s, 3H), 3.84 (s, 3HC NMR (100
MHz, CDCk): 8 149.68, 148.78, 148.51, 141.55, 134.29,
128.25 (2x), 128.06 (2x), 127.66, 120.88, 113.1111.39,
110.70, 55.84, 55.81.

4.3.4. Compound (6d). Yield = 89% (120 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G/H.0; 271.1334,
found 271.1336'H NMR (400 MHz, CDC)): § 7.35-7.25
(m, 5H), 6.99 (dJ = 8.4 Hz, 1H), 6.70 (d] = 8.4 Hz, 1H),
5.63 (d,J = 1.6 Hz, 1H), 5.32 (d] = 1.6 Hz, 1H), 3.90 (s,
3H), 3.87 (s, 3H), 3.53 (s, 3H}’C NMR (100 MHz,
CDCly): 6 153.46, 151.53, 146.91, 142.21, 141.84, 129.00,
127.96 (2x), 127.30, 126.54 (2x), 125.08, 115.13.18,
60.68, 60.40, 55.88.

4.3.5. Compound (6€). Yield = 81% (103 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G;H.40, 255.1385,
found 255.1388'H NMR (400 MHz, CDCJ): & 7.23 (d.,J

= 8.4 Hz, 2H), 7.17 (dd] = 0.8, 8.0 Hz, 1H), 7.11 (d,=

8.0 Hz, 2H), 6.53 (dd] = 2.4, 8.0 Hz, 1H), 6.53 (br s, 1H),
5.68 (d,J = 1.6 Hz, 1H), 5.28 (d] = 1.6 Hz, 1H), 3.86 (s,
3H), 3.66 (s, 3H), 2.36 (s, 3H}’C NMR (100 MHz,
CDCl): 4 160.49, 158.11, 146.38, 138.55, 136.84, 131.62,
128.64 (2x), 126.28 (2x), 123.98, 114.21, 104.18.98,
55.56, 55.29, 21.07.

4.3.6. Compound (6f). Yield = 80% (95 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH150, 239.1072,
found 239.1074'H NMR (400 MHz, CDC})): 6 7.25 (d,J

= 8.4 Hz, 2H), 7.13 (d] = 8.4 Hz, 2H), 6.90-6.80 (m, 3H),
5.93 (s, 2H), 5.31 (d] = 1.2 Hz, 1H), 5.28 (d] = 1.2 Hz,
1H), 2.33 (s, 3H).

4.3.7. Compound (6g). Yield = 74% (94 mg); Colorless
solid; mp = 109-1106C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) calcd for G/H;40, 255.1385,
found 255.1392'H NMR (400 MHz, CDC})): 6 7.28 (d,J

= 8.0 Hz, 2H), 7.16 (dJ = 8.0 Hz, 2H), 6.92 (dd] = 2.0,
8.4 Hz, 1H), 6.91 (s, 1H), 6.84 (@~ 8.4 Hz, 1H), 5.38 (s,
2H), 3.91 (s, 3H), 3.85 (s, 3H), 2.39 (s, 3HC NMR
(100 MHz, CDC}): & 149.48, 148.66, 148.42, 138.59,

137.39, 134.42, 128.72 (2x), 128.08 (2x), 120.82.41,
111.36, 110.60, 55.77, 55.74, 21.06.

4.3.8. Compound (6h). Yield = 86% (122 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH»O; 285.1491,
found 285.1493'H NMR (400 MHz, CDC}): 5 7.21 (d,J

= 8.4 Hz, 2H), 7.10 (d] = 8.0 Hz, 2H), 6.95 (d] = 8.8 Hz,
1H), 6.68 (d,J = 8.4 Hz, 1H), 5.60 (dJ = 1.6 Hz, 1H),
5.24 (d,J = 1.6 Hz, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.54 (s
3H), 2.34 (s, 3H)C NMR (100 MHz, CDG)): & 153.43
(2x), 151.64, 146.68, 142.29, 138.94, 137.13, 129.2
128.75 (2x), 126.48 (2x), 125.15, 114.48, 106.82.86,
60.57, 21.12.

4.3.9. Compound (6i). Yield = 81% (117 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GoH160, 291.1385,
found 291.1386'H NMR (400 MHz, CDCJ)): & 7.80-7.72
(m, 2H), 7.30 (dJ = 8.8 Hz, 1H), 7.66 (d] = 1.6 Hz, 1H),
7.52 (dd,J = 1.6, 8.8 Hz, 1H), 7.43-7.39 (m, 2H), 7.21 (d,
J=28.0 Hz, 1H), 6.54 (ddl = 2.8, 8.4 Hz, 1H), 6.51 (d,=
2.4 Hz, 1H), 5.80 (dJ = 1.6 Hz, 1H), 5.40 (d] = 1.2 Hz,
1H), 3.85 (s, 3H), 3.58 (s, 3HJC NMR (100 MHz,
CDCly): 6 160.68, 158.19, 146.60, 138.93, 133.35, 132.80,
131.75, 128.20, 127.46, 127.42, 125.83, 125.58,3825
124.89, 123.75, 115.66, 104.23, 99.01, 55.53, 55.34

4.3.10. Compound (6j). Yield = 76% (104 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH150, 275.1072,
found 275.1077*H NMR (400 MHz, CDC)): § 7.87-7.81
(m, 4H), 7.52-7.49 (m, 3H), 6.91 (ddi= 2.0, 5.2 Hz, 1H),
6.88 (d,J = 1.6 Hz, 1H), 6.82 (d] = 8.0 Hz, 1H), 6.00 (s,
2H), 5.52 (dJ = 1.2 Hz, 1H), 5.51 (d] = 0.8 Hz, 1H)*C
NMR (100 MHz, CDC)): & 149.58, 147.55, 147.32,
139.00, 135.71, 133.24, 132.94, 128.15, 127.63,587
127.27, 126.45, 126.13, 126.00, 122.12, 113.90,7408
107.98, 101.08.

4.3.11. Compound (6k). Yield = 80% (116 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GoH160, 291.1385,
found 291.1386'H NMR (400 MHz, CDCJ): § 7.88-7.80
(m, 3H), 7.60-7.32 (m, 4H), 6.98-6.94 (m, 2H), 6(87J =

8.4 Hz, 1H), 5.54 (dJ = 1.6 Hz, 1H), 5.53 (d] = 1.2 Hz,
1H), 3.93 (s, 3H), 3.84 (s, 3H)’C NMR (100 MHz,
CDCly): & 149.66, 148.83, 148.54, 136.51, 134.27, 129.34,
128.71, 128.11, 127.55, 127.52, 127.21, 126.42,0826
125.95, 120.96, 113.67, 111.45, 110.74, 55.84,155.8

4.3.12. Compound (6l). Yield = 85% (136 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GH,;03; 321.1491,
found 321.1493'H NMR (400 MHz, CDC)): & 7.84-7.77
(m, 2H), 7.81 (dJ = 8.8 Hz, 1H), 7.71 (d] = 1.6 Hz, 1H),
7.56 (dd,J = 1.6, 8.8 Hz, 1H), 7.46-7.44 (m, 2H), 7.04 (d,
J=28.4 Hz, 1H), 6.73 (d] = 8.4 Hz, 1H), 5.78 (] = 1.6
Hz, 1H), 5.42 (dJ = 1.6 Hz, 1H), 3.93 (s, 3H), 3.89 (s,
3H), 3.52 (s, 3H)*C NMR (100 MHz, CDGJ)): & 153.59,
151.67, 146.82, 142.31, 139.22, 133.25, 132.83,9R28
128.13, 127.58, 127.49, 125.96, 125.69, 125.48,2125
124.96, 115.82, 106.90, 60.75, 60.54, 55.95.

4.3.13. Compound (6m). Yield = 78% (123 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G,H,,0, 317.1542,
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found 317.1538'H NMR (400 MHz, CDC)): § 7.67-7.64
(m, 2H), 7.59-7.54 (m, 2H), 7.49-7.34 (m, 5H), 7(84J =

8.0 Hz, 1H), 6.58 (dd] = 2.4, 8.0 Hz, 1H), 6.57 (br s, 1H),
5.79 (d,J = 1.2 Hz, 1H), 5.38 (d] = 1.2 Hz, 1H), 3.89 (s,
3H), 3.69 (s, 3H)**C NMR (100 MHz, CDG)): & 160.63,
158.10, 140.79, 140.37, 139.84, 131.65, 128.68,(2x)
127.11, 126.88 (2x), 126.80 (2x), 126.62 (2x), 186.
123.68, 115.04, 104.21, 98.98, 55.53, 55.31.

4.3.14. Compound (6n). Yield = 74% (111 mg); Colorless
solid; mp = 99-100°C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) calcd for G;H;70, 301.1229,
found 301.1230'H NMR (400 MHz, CDC)): § 7.64-7.56
(m, 4H), 7.48-7.34 (m, 5H), 6.88 (d= 0.8 Hz, 1H), 6.87
(dd,J = 1.2, 7.6 Hz, 1H), 6.80 (dd,= 1.2, 7.6 Hz, 1H),
5.99 (s, 2H), 5.43 (d] = 1.2 Hz, 1H), 5.41 (d] = 1.2 Hz,
1H); ®C NMR (100 MHz, CDG): & 149.20, 147.52,
147.30, 140.71, 140.57, 140.52, 128.77 (2x), 135.68
128.68 (2x), 127.32, 127.02 (2x), 126.85 (2x), 02Z2.
113.40, 108.72, 107.97, 101.08.

4.3.15. Compound (60). Yield = 80% (126 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G,H,,0, 317.1542,
found 317.1543'H NMR (400 MHz, CDCJ): 6 7.67-7.55
(m, 4H), 7.50-7.32 (m, 5H), 6.97 (ddi= 2.0, 8.0 Hz, 1H),
6.96 (br s, 1H), 6.88 (dl = 8.0 Hz, 1H), 5.49 (dJ = 1.6
Hz, 1H), 5.43 (dJ = 1.2 Hz, 1H), 3.93 (s, 3H), 3.87 (s,
3H); *C NMR (100 MHz, CDGJ): & 149.20, 148.76,
148.48, 140.40, 136.45, 134.16, 129.30, 128.68, (2x)
128.59 (2x), 127.24, 126.86 (2x), 126.71 (2x), 820.
113.11,111.39, 110.68, 55.78 (2x).

4.3.16. Compound (6p). Yield = 81% (140 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GsH»30; 347.1647,
found 347.1648'H NMR (400 MHz, CDC})): § 7.65 (d,J

= 8.0 Hz, 2H), 7.60 (d] = 8.0 Hz, 2H), 7.49-7.44 (m, 4H),
7.39-7.35 (m, 1H), 7.04 (d = 8.4 Hz, 1H), 6.74 (d] =
8.4 Hz, 1H), 5.74 (dJ = 1.2 Hz, 1H), 5.38 (d] = 1.2 Hz,
1H), 3.94 (s, 3H), 3.93 (s, 3H), 3.63 (s, 3HC NMR
(100 MHz, CDC}): & 153.49, 151.55, 146.36, 142.21,
140.68, 140.62, 140.03, 128.86, 128.64 (2x), 127.11
126.93 (2x), 126.82 (2x), 126.65 (2x), 125.10, 185.
106.83, 60.71, 60.53, 55.87.

4.3.17. Compound (6q). Yield = 76% (98 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH,¢FO, 259.1134,
found 259.1139'H NMR (400 MHz, CDCJ): 6 7.37-7.32
(m, 2H), 7.23 (dJ = 7.6 Hz, 1H), 7.05-6.99 (m, 2H), 6.59
(dd,J = 2.8, 8.4 Hz, 1H), 6.57 (br s, 1H), 5.67 Jcx 1.2
Hz, 1H), 5.36 (dJ = 1.2 Hz, 1H), 3.88 (s, 3H), 3.66 (s,
3H); **C NMR (100 MHz, CDGCJ): § 162.08 (dJ = 244.1
Hz), 160.68, 157.93, 145.70, 137.59 @,= 3.0 Hz),
131.47, 127.90 (d] = 8.3 Hz, 2x), 123.40, 114.68, 114.59
(d,J=21.2 Hz, 2x), 104.14, 98.85, 55.23, 55.10.

4.3.18. Compound (6r). Yield = 87% (105 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GsH,,FO, 243.0821,
found 243.0823'H NMR (400 MHz, CDC)): § 7.34-7.30
(m, 2H), 7.06-7.01 (m, 2H), 6.83-6.77 (m, 3H), 5.@8
2H), 5.38 (dJ = 0.8 Hz, 1H), 5.32 (d] = 0.8 Hz, 1H);*C
NMR (100 MHz, CDC)): & 162.47 (d,J = 244.8 Hz),

148.58, 148.54, 147.35, 137.63 @~ 3.0 Hz), 135.50,
129.89 (dJ = 8.4 Hz, 2x), 121.92, 114.97 @7 20.5 Hz,
2x), 113.25, 108.51, 107.94, 101.08.

4.3.19. Compound (6s). Yield = 82% (106 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgHq6FO, 259.1134,
found 259.1138'H NMR (400 MHz, CDCJ): 6 7.34-7.30
(m, 2H), 7.03-6.99 (m, 2H), 6.87 (ddi= 2.0, 8.8 Hz, 1H),
6.86 (br s, 1H), 6.82 (dl = 8.8 Hz, 1H), 5.38 (d) = 0.8
Hz, 1H), 5.33 (dJ = 1.2 Hz, 1H), 3.89 (s, 3H), 3.83 (s,
3H); **C NMR (100 MHz, CDGCJ): § 162.34 (dJ = 244.8
Hz), 148.57, 148.46, 137.53 (d, = 3.7 Hz), 136.43,
129.78 (dJ = 7.5 Hz, 2x), 129.44, 120.71, 114.83 Jd=
21.2 Hz, 2x), 112.92, 111.17, 110.63, 55.74, 55.70.

4.3.20. Compound (6t). Yield = 83% (120 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GH,gFO; 289.1240,
found 289.1245'H NMR (400 MHz, CDC)): § 7.31-7.26
(m, 2H), 7.01-6.95 (m, 3H), 6.68 (d,= 8.4 Hz, 1H), 5.55
(d,J = 1.6 Hz, 1H), 5.27 (d] = 1.2 Hz, 1H), 3.89 (s, 3H),
3.86 (s, 3H), 3.54 (s, 3H}*C NMR (100 MHz, CDG)): &
162.15 (d,J = 244.8 Hz), 153.57, 151.39, 145.94, 142.20,
137.91 (dJ = 3.0 Hz), 128.66, 128.05 (d,= 7.5 Hz, 2x),
124,94, 114.94, 114.71 (A= 21.3 Hz, 2x), 106.81, 60.61,
60.36, 55.79.

4.3.21. Compound (6u). Yield = 82% (111 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G/H.0; 271.1334,
found 271.1335'H NMR (400 MHz, CDC)): 5 7.25 (d,J

= 8.8 Hz, 2H), 7.15 (dd] = 0.8, 8.0 Hz, 1H), 6.82 (d,=

8.8 Hz, 2H), 6.52 (ddJ = 2.4, 8.0 Hz, 1H), 6.51 (s, 1H),
5.61 (d,J = 1.6 Hz, 1H), 5.20 (d] = 1.6 Hz, 1H), 3.85 (s,
3H), 3.81 (s, 3H), 3.65 (s, 3H}’C NMR (100 MHz,
CDCl): 4 160.48, 158.90, 158.06, 145.92, 133.97, 132.13,
131.58, 127.52 (2x), 123.99, 113.27 (2x), 104.1898,
55.56, 55.31, 55.15.

4.3.22. Compound (6v). Yield = 78% (99 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH1503 255.1021,
found 255.1022'H NMR (400 MHz, CDCY)): & 7.28 (d,J

= 8.8 Hz, 2H), 6.89-6.77 (m, 5H), 5.97 (s, 2H),B(d,J =
1.2 Hz, 1H), 5.29 (dJ = 1.2 Hz, 1H), 3.83 (s, 3H)°C
NMR (100 MHz, CDC)): & 159.30, 149.04, 147.41,
147.16, 136.02, 134.06, 129.40 (2x), 121.96, 113243,
112.04, 108.69, 107.86, 101.01, 55.24.

4.3.23. Compound (6w). Yield = 78% (105 mg); Colorless
solid; mp = 102-103C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) calcd for G/H1403 271.1334,
found 271.1336'H NMR (400 MHz, CDC})): § 7.30 (d,J

= 8.8 Hz, 2H), 6.92-6.82 (m, 5H), 5.33 (s 1.2 Hz, 1H),
5.31 (d,J = 1.2 Hz, 1H), 3.90 (s, 3H), 3.84 (s, 3H), 3.83 (s
3H); *C NMR (100 MHz, CDGJ): & 159.25, 149.11,
148.67, 148.42, 134.57, 133.99, 129.36 (2x), 120.82
113.40 (2x), 111.76, 111.42, 110.63, 55.82, 555K318.
Single-crystal X-Ray diagram: crystal of compouéa
was grown by slow diffusion of EtOAc into a solutiof
compound6w in CH,Cl, to yield colorless prisms. The
compound crystallizes in the monoclinic crystal teys
space group P 21/a,= 13.4937(12) Ab = 16.3772(15) A,

c = 6.6323(5) AV = 1435.9(2) A Z = 4, dege= 1.250
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g/cn®, F(000) = 576, @ range 1.540~26.487R indices
(all data) R1 = 0.0814, wR2 = 0.1178.

4.3.24. Compound (6x). Yield = 82% (123 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH»O, 301.1440,
found 301.1445'H NMR (400 MHz, CDC}): 5 7.26 (d,J

= 8.8 Hz, 2H), 6.96 (d] = 8.4 Hz, 1H), 6.84 (d] = 8.8 Hz,
2H), 6.68 (d,J = 8.4 Hz, 1H), 5.56 (dJ = 1.6 Hz, 1H),
5.20 (d,J = 1.6 Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.79 (s
3H), 3.57 (s, 3H)*C NMR (100 MHz, CDGJ)): & 158.93,
153.27, 151.43, 146.12, 142.10, 134.19, 129.08,5827
(2x), 124.97, 113.40, 113.22 (2x), 106.70, 60.60.48,
55.76, 54.97.

4.4. A representative synthetic procedure of compounds
8a-e is as follows: Freshly preparedhlCPBA (87 mg, 0.5
mmol) was added to a solution 2d-d or 2f (0.5 mmol) in
CH,CI; (10 mL) at rt. The reaction mixture was stirredtat
for 10 min. 4a (35 mg, 0.25 mmol) was added to the
reaction mixture at rt. Then, BFOEb (71 mg, 0.5 mmol)
was added to the reaction mixture at rt. After ridaction
mixture was stirred at rt for 20 min, saturated &M
solution (10 mL) was added to the reaction mixturee
reaction mixture was extracted with @&, (3 x 20 mL).
The combined organic layers were washed with brine,
dried, filtered and evaporated to afford crude pmdinder
reduced pressure. Without further purification, $%d/C
(100 mg) was added to the resulting reaction meéxtiar
EtOH (10 mL) at rt. The reaction mixture was stirag rt

for 20 min. The reaction mixture was filtered andsived

by CH,CI, (2 x 10 mL). The combined organic layers were
dried, filtered and evaporated to afford crude padinder
reduced pressure. Purification on silica
(hexanes/EtOAc = 10/1~5/1) afford8d-e.

4.4.1. Compound (8a). Yield = 68% (116 mg); Colorless
solid; mp = 105-106C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) calcd for GH»40, 343.1698,
found 343.1702'H NMR (400 MHz, CDC)): § 7.44-7.41
(m, 4H), 7.38-7.29 (m, 6H), 7.23 (s, 1H), 6.571d), 5.75
(d,J=1.6 Hz, 2H), 5.41 (d] = 1.6 Hz, 2H), 3.73 (s, 6H);
13C NMR (100 MHz, CDGJ)): 5 157.69 (2x), 146.38 (2x),
141.38 (2x), 133.57 (2x), 127.91 (4x), 127.16 (296.38
(4x), 123.05, 115.24 (2x), 96.26, 55.76 (2x). Staglystal
X-Ray diagram: crystal of compoursh was grown by
slow diffusion of EtOAc into a solution of compou8din
CH.CI, to vyield colorless prisms. The compound
crystallizes in the monoclinic crystal system, spgcoup

C 2/c, a = 28.8343(16) A,b = 11.4926(6) A, c
23.0676(13) AV = 7574.7(7) R Z = 16, deace 1.208
g/cnT, F(000) = 2944, @ range 1.425~26.487R indices
(all data) R1 = 0.1101, wR2 = 0.1990.

4.4.2. Compound (8b). Yield = 62% (115 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH,;0, 371.2011,
found 371.2018'H NMR (400 MHz, CDCJ)): § 7.32 (d,J
= 8.0 Hz, 4H), 7.17 (d] = 8.0 Hz, 4H), 6.58 (s, 2H), 5.73
(d,J = 1.2 Hz, 2H), 5.35 (d] = 1.2 Hz, 2H), 3.75 (s, 6H),
2.41 (s, 6H)*C NMR (100 MHz, CDGJ): 6 157.61 (2x),
146.13 (2x), 138.45 (2x), 136.82 (2x), 133.59 (298.63
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(4x), 126.27 (4x), 123.20, 114.39 (2X), 96.29, B5(8X),
21.07 (2X).

4.4.3. Compound (8¢c). Yield = 70% (141 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH»7O, 403.19009,
found 403.1915'H NMR (400 MHz, CDC})): § 7.27 (d,J

= 8.8 Hz, 4H), 7.11 (s, 1H), 6.82 (@= 8.8 Hz, 4H), 6.50
(s, 1H), 5.60 (dJ = 1.6 Hz, 2H), 5.21 (d] = 1.2 Hz, 2H),
3.81 (s, 6H), 3.70 (s, 6H}’C NMR (100 MHz, CDG)): &
158.94 (2x), 157.63 (2x), 145.74 (2x), 134.01 (233.61
(2x), 127.58 (4x), 123.32, 113.55 (2x), 113.33 (494.35,
55.94 (2x), 55.22 (2x).

4.4.4. Compound (8d). Yield = 68% (168 mg); Colorless
solid; mp = 180-187C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) calcd for GgH3,0, 495.2324,
found 495.2326'H NMR (400 MHz, CDC)): & 7.67-7.58
(m, 8H), 7.49-7.33 (m, 10H), 7.25 (s, 1H), 6.59 1Hl),
5.80 (d,J = 1.2 Hz, 2H), 5.42 (d] = 1.2 Hz, 2H), 3.76 (s,
6H); °C NMR (100 MHz, CDG)): 8 157.79 (2x), 145.89
(2x), 140.80 (2x), 140.33 (2x), 139.90 (2x), 133(@%),
128.70 (4x), 127.13 (2x), 126.90 (4x), 126.84 (496.67
(4x), 123.01, 115.33 (2x), 96.27, 55.87 (2x). Sengtystal
X-Ray diagram: crystal of compoursl was grown by
slow diffusion of EtOAc into a solution of compou8d in
CH.CI, to vyield colorless prisms. The compound
crystallizes in the triclinic crystal system, spageup P - 1,
a = 8.414(10) Ab = 12.311(14) Ac = 27.28(3) AV =
2808(6) &, Z = 4, deace 1.170 glcry F(000) = 1048, 2
range 1.502~26.141R indices (all data) R1 = 0.1260,
wR2 =0.1471.

4.4.5. Compound (8e). Yield = 62% (137 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G,H,/0, 443.2011,
found 443.2015'H NMR (400 MHz, CDCJ): & 7.88-7.80
(m, 8H), 7.62 (dd,) = 2.0, 8.8 Hz, 2H), 7.52-7.46 (m, 4H),
7.32 (s, 1H), 6.61 (s, 1H), 5.87 = 1.2 Hz, 2H), 5.51 (d,
J=1.6 Hz, 2H), 3.73 (s, 6H}*C NMR (100 MHz, CDGJ):

§ 157.90 (2x), 146.37 (2x), 138.95 (2x), 133.81 (2x)
133.35 (2x), 132.82 (2x), 128.21 (2x), 127.49 (297.45
(2x), 125.86 (2x), 125.61 (2x), 125.39 (2x), 124(@%),
123.03, 115.97 (2x), 96.27, 55.86 (2x).

4.5. A representative synthetic procedure of compounds 8f-

i isasfollows: Freshly preparechCPBA (87 mg, 0.5 mmol)
was added to a solution ¢fa (115 mg, 0.5 mmol) in
CH,CI; (10 mL) at rt. The reaction mixture was stirredtat
for 10 min. 4a (69 mg, 0.5 mmol) was added to the
reaction mixture at rt. Then, BfOEt (71 mg, 0.5 mmol)
was added to the reaction mixture at rt. After ridaction
mixture was stirred at rt for 20 mip-e (0.5 mmol) and
BFs- OEb (71 mg, 0.5 mmol) in CKCl, (1 mL) was added
to the reaction mixture at rt. Saturated NaHQ®lution
(10 mL) was added to the reaction mixture. The tieac
mixture was extracted with GBI, (3 x 20 mL). The
combined organic layers were washed with brineedjri
filtered and evaporated to afford crude product eund
reduced pressure. Without further purification, $%d/C
(100 mg) was added to the resulting reaction meéxtiar
EtOH (10 mL) at rt. The reaction mixture was stirag rt
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for 20 min. The reaction mixture was filtered andsived
by CH,CI, (2 x 10 mL). The combined organic layers were
dried, filtered and evaporated to afford crude podinder
reduced pressure. Purification on silica
(hexanes/EtOAc = 10/1~5/1) afford8ti.

4.5.1. Compound (8f). Yield = 57% (103 mg); Colorless
solid; mp = 94-95°C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M+1) caled for GHxFO,
361.1604, found 361.16084 NMR (400 MHz, CDC)): &
7.43-7.29 (m, 7H), 7.22 (s, 1H), 7.06-7.00 (m, 26156 (s,
1H), 5.75 (d,J = 1.6 Hz, 1H), 5.66 (dJ = 1.2 Hz, 1H),
5.41 (d,J = 1.2 Hz, 1H), 5.38 (d] = 1.2 Hz, 1H), 3.73 (s,
6H); **C NMR (100 MHz, CDGJ): § 162.13 (dJ = 244.1
Hz), 157.83, 157.60, 146.32, 145.46, 141.34, 137506

= 3.0 Hz), 133.45, 127.96 (d,= 9.1 Hz, 2x), 127.91 (2x),
127.18, 126.36 (2x), 123.09, 122.76, 115.26, 114.99
114.67 (d,J = 21.2 Hz, 2x), 96.16, 55.71, 55.65. Single-
crystal X-Ray diagram: crystal of compou8fiwas grown
by slow diffusion of EtOAc into a solution of comyoud 8f

in CH,Cl, to vyield colorless prisms. The compound
crystallizes in the monoclinic crystal system, spgmoup P
21/n,a=10.9062(8) Ap = 23.0224(16) A¢ = 15.7346(11)
A, v =3927.7(5) R Z = 8, dearce= 1.219 g/ciy F(000) =
1520, 2 range 1.574~26.427R indices (all data) R1 =
0.1704, wR2 = 0.1560.

4.5.2. Compound (8g). Yield = 68% (121 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GsHps0, 357.1855,
found 357.1859'H NMR (400 MHz, CDC)): & 7.37-7.24
(m, 7H), 7.14 (s, 1H), 7.11 (d,= 8.4 Hz, 2H), 6.51 (s, 1H),
5.68 (d,J = 1.6 Hz, 1H), 5.70 (d] = 1.6 Hz, 1H), 5.34 (d,
J=1.2 Hz, 1H), 5.28 (d] = 1.2 Hz, 1H), 3.71 (s, 3H), 3.69
(s, 3H), 2.35 (s, 3H)*C NMR (100 MHz, CDGC)): &
157.75, 157.63, 146.44, 146.14, 141.45, 138.47,9B36
133.64, 128.69 (2x), 127.95 (2x), 127.19, 126.44),(2
126.31 (2x), 123.30, 123.09, 115.27, 114.47, 9653593,
55.86, 21.13.

4.5.3. Compound (8h). Yield = 69% (144 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GoH,;0, 419.2011,
found 419.2020'H NMR (400 MHz, CDC)): & 7.64-7.61
(m, 2H), 7.56-7.54 (m, 2H), 7.46-7.27 (m, 10H), & (&,
1H), 6.53 (s, 1H), 5.75 (d,= 1.2 Hz, 1H), 5.70 (d] = 1.6
Hz, 1H), 5.36 (dJ = 1.2 Hz, 1H), 5.35 (d] = 1.6 Hz, 1H),
3.72 (s, 3H), 3.70 (s, 3H}’C NMR (100 MHz, CDG)): &
157.79, 157.75, 146.41, 145.92, 141.42, 140.84,3B40
139.91, 133.65, 128.71 (2x), 127.97 (2x), 127.2%.15,
126.93 (2x), 126.83 (2x), 126.68 (2x), 126.44 (223.14,
122.98, 115.33, 115.30, 96.29, 55.90, 55.87.

4.5.4. Compound (8i). Yield = 64% (125 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH»s0, 393.1855,
found 393.1859'H NMR (400 MHz, CDC)): § 7.87-7.81
(m, 3H), 7.77 (dJ = 1.6 Hz, 1H), 7.60 (dd] = 1.6, 8.4 Hz,
1H), 7.51-7.46 (m, 1H), 7.44-7.29 (m, 7H), 6.58 1l),
5.86 (d,J = 1.6 Hz, 1H), 5.74 (d] = 1.6 Hz, 1H), 5.49 (d,
J=1.6 Hz, 1H), 5.42 (d] = 1.6 Hz, 1H), 3.75 (s, 3H), 3.70
(s, 3H); **C NMR (100 MHz, CDGJ): § 157.82, 146.42,
146.37, 141.46, 138.92, 133.72, 133.35, 132.82,68628
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128.21, 127.97 (2x), 127.49, 127.44, 127.22, 126248,
125.84, 125.60, 125.37, 124.93, 123.14, 123.02,9P15
115.35, 96.32, 55.85 (2x).

4.6. A representative synthetic procedure of compounds
12a-f is as follows. Hg(OTf), (50 mg, 0.1 mmol) was
added to a solution @fa, 6€ 61, 6m, 6 and6u (0.5 mmol)

in MeNGQ, (5 mL) at 25°C. The reaction mixture was
stirred at 25°C for 8 h. The reaction mixture was
concentrated and extracted with £ (3 x 10 mL). The
combined organic layers were washed with brineedjri
filtered and evaporated to afford crude product eund
reduced pressure. Purification on silica gel
(hexanes/EtOAc = 20/1~8/1) affordédaf.

4.6.1. Compound (12a).???Yield = 75% (84 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GsH130, 225.0916,
found 225.0917*H NMR (400 MHz, CDCY)): § 7.75 (d,J

= 8.8 Hz, 1H), 7.74 (s, 1H), 7.69-7.65 (m, 2H),2¢ 548
(m, 2H), 7.42-7.37 (m, 1H), 7.12 (@~= 2.4 Hz, 1H), 6.99
(dd, J = 2.4, 8.8 Hz, 1H), 3.90 (s, 3H}°C NMR (100
MHz, CDCL): 6 158.14, 156.81, 140.27, 132.17, 128.88
(2x), 127.32, 127.30 (2x), 122.06, 120.50, 119178.04,
96.13, 55.65.

4.6.2. Compound (12b). Yield = 70% (83 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH150, 239.1072,
found 239.1079'H NMR (400 MHz, CDCJ): & 7.69 (d,J

= 8.4 Hz, 1H), 7.69 (s, 1H), 7.54 (@= 8.0 Hz, 2H), 7.28
(d,J = 8.4 Hz, 2H), 7.08 (d] = 2.4 Hz, 1H), 6.95 (dd] =
2.4, 8.8 Hz, 1H), 3.88 (s, 3H), 2.42 (s, 3L NMR (100
MHz, CDCk): & 158.10, 156.79, 140.03, 137.13, 129.60
(2x), 129.24, 127.21 (2x), 121.97, 120.54, 119194, .97,
96.13, 55.71, 21.22.

4.6.3. Compound (12c). Yield = 78% (107 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH150, 275.1072,
found 275.1078'H NMR (400 MHz, CDCJ): § 8.12 (s,
1H), 7.94 (d,) = 8.8 Hz, 1H), 7.90 (df] = 1.6, 8.4 Hz, 2H),
7.84 (s, 1H), 7.83 (dl = 8.8 Hz, 1H), 7.74 (dd} = 1.6, 8.4
Hz, 1H), 7.56-7.59 (m, 2H), 7.12 (d= 2.4 Hz, 1H), 7.00
(dd, J = 2.4, 8.8 Hz, 1H), 3.91 (s, 3H}°C NMR (100
MHz, CDCk): 6 158.22, 156.93, 140.71, 133.70, 132.63,
129.64, 128.56, 127.90, 127.74, 126.40, 125.90,6125
(2x), 122.07, 120.63, 119.82, 112.16, 96.20, 55.71.

4.6.4. Compound (12d). Yield = 73% (110 mg); Colorless
gum; HRMS (ESI, M+1) calcd for G;H;3;0, 301.1229,
found 301.1223'H NMR (400 MHz, CDC)): § 7.81-7.67
(m, 8H), 7.54-7.51 (m, 2H), 7.45-7.41 (m, 1H), 7(8i5J =
2.0 Hz, 1H), 7.03 (dd) = 2.4, 8.8 Hz, 1H), 3.92 (s, 3H);
13C NMR (100 MHz, CDGJ)): 6 158.16, 156.86, 140.95,
140.36, 140.08, 131.15, 128.79 (2x), 127.54 (282).33,
127.18, 126.93 (2x), 121.64, 120.53, 119.68, 11206015,
96.15, 55.62.

4.6.5. Compound (12€). Yield = 71% (86 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GsHq,FO, 243.0821,
found 243.0822'H NMR (400 MHz, CDC)): § 7.67 (s,
1H), 7.64 (d,J = 8.8 Hz, 1H), 7.60-7.57 (m, 2H), 7.19-7.14
(m, 2H), 7.08 (d = 2.4 Hz, 1H), 6.96 (dd] = 2.4, 8.8 Hz,
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1H), 3.88 (s, 3H)**C NMR (100 MHz, CDGCJ): § 162.16
(d, J = 244.9 Hz), 158.21, 156.75, 140.10, 128.87J(¢,
8.4 Hz, 2x), 128.17 (d] = 3.0 Hz), 121.18, 120.23, 119.66,
115.85 (dJ = 21.2 Hz, 2x), 112.15, 96.13, 55.67.

4.6.6. Compound (12f).%? Yield = 73% (93 mg); Colorless
gum; HRMS (ESI, M+1) calcd for GgH1503 255.1021,
found 254.0934'H NMR (400 MHz, CDC)): & 7.71 (d,J

= 8.8 Hz, 1H), 7.68 (s, 1H), 7.59 @@= 8.8 Hz, 2H), 7.11
(d,J=2.0 Hz, 1H), 7.04 (d] = 8.8 Hz, 2H), 6.98 (dd] =
2.0, 8.8 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3HL NMR (100
MHz, CDCk): & 158.94, 158.04, 156.69, 139.59, 128.37
(2x), 124.51, 121.58, 120.38, 119.94, 114.30 (24}.,.86,
96.06, 55.56, 55.18.

4.7. Compound (13). Freshly preparednCPBA (156 mg,
0.9 mmol) was added to a solution 24 (207 mg, 0.9
mmol) in CHCI, (10 mL) at rt. The reaction mixture was
stirred at rt for 10 minde (50 mg, 0.3 mmol) was added to
the reaction mixture at rt. Then, BBE} (130 mg, 0.9
mmol) was added to the reaction mixture at rt. Aftee
reaction mixture was stirred at rt for 20 min, sated
NaHCQO; solution (10 mL) was added to the reaction
mixture. The reaction mixture was extracted with,CH

(3 x 20 mL). The combined organic layers were wedshe
with brine, dried, filtered and evaporated to affarude
product under reduced pressure. Without further
purification, 5% Pd/C (100 mg) was added to thelltesy
reaction mixture in EtOH (10 mL) at rt. The reaatio
mixture was stirred at rt for 20 min. The reactiixture
was filtered and washed by @E, (2 x 10 mL). The
combined organic layers were dried, filtered and
evaporated to afford crude product under reducedspire.
Purification on silica gel (hexanes/EtOAc = 10/1H5/
afforded13. Yield = 40% (45 mg); Colorless solid; mp =
100-102 °C (recrystallized from hexanes and EtOAc);
HRMS (ESI, M+1) calcd for GsH,:05 373.1804, found
373.1805;'"H NMR (400 MHz, CDC)): § 7.42-7.40 (m,
4H), 7.33-7.23 (m, 6H), 6.43 (s, 1H), 5.98 {dx 1.2 Hz,
2H), 5.35 (d,J = 1.2 Hz, 2H), 3.77 (s, 6H), 3.35 (s, 3H);
¥C NMR (100 MHz, CDG): & 157.88 (2x), 157.49,
141.25 (2x), 140.96 (2x), 128.05 (4x), 127.18 (295.83
(4x), 117.28 (2x), 116.59 (2x), 91.85, 61.03, 56(QR).
Single-crystal X-Ray diagram: crystal of compour&iwas
grown by slow diffusion of EtOAc into a solution of
compoundl13 in CH,CI, to yield colorless prisms. The
compound crystallizes in the orthorhombic crystatem,
space group P n a 24 20.8499(13) Ap = 12.3895(7) A,

c = 7.9367(4) AV = 2050.2(2) R Z = 4, deae 1.207
g/cn®, F(000) = 792, @ range 1.912~26.398R indices
(all data) R1 = 0.1245, wR2 = 0.1742.
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