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A facile one-step synthetic protocol toward multifunctionalized m-terphenyls 5 and sulfonyl m-ter-
phenyls 6 is developed from substituted chalcones 1 and allyl sulfone 2 in good yields via a [3C+3C]
annulation. The NaH-mediated annulation features transition metal catalyst-free condition. Chalcones 1
with the functional groups tolerance are easily prepared via Claisen—Schmidt condensation of
substituted benzaldehydes 3 with acetophenone 4 in a qualitative yield under an aqueous alkaline

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Functionalized phenyls are attractive scaffolds for synthetic
material sciences and drug discovery.! To achieve these diversified
frameworks bearing different substituted groups, various kinds of
approaches have been established in the past decades.” Some
functional profiles clearly indicate that polyaryl phenyl is a privi-
leged core for synthetic design.> Among those methods, transition
metal mediated reactions have been proven to be one of the most
popular tools to construct the skeleton, especially Suzuki—Miyaura
cross-coupling” or Reppe cyclotrimerization.” Efficient synthesis of
terphenyls is an important issue for organic chemists.>’ Some m-
terphenyls are found in natural products, such as dictyoterphenyl
A2 trifucol 8 macranthol,sb dunnialol,®® and mulberrofuran R
(Fig. 1).8¢

We previously reported the one-pot method for synthesizing
various carbon-skeletons with different aryl substituents based on
chalcones 1, such as monocyclic oxetanes and cyclohexanes, tri-
cyclic benzo[glindazoles, and tetracyclic azahomoisotwistanes.’ To
explore the synthetic applications of substituted chalcones 1,
a transition metal-free route is employed to create the skeleton
of m-terphenyls 5 and 6 via a one-pot NaH-mediated tandem an-
nulation of chalcones 1 and allyl sulfone 2. Substituted chalcones 1
are easily prepared via Claisen—Schmidt condensation of substi
tuted aldehydes 3 (R, group) with methyl ketones 4 (R group)
(Scheme 1).

* Corresponding author. Tel.: +886 7 3121101x2220; e-mail addresses: my-
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Fig. 1. Structural frameworks of natural m-terphenyls.
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Scheme 1. One-pot route of m-terphenyls 5 and 6.
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2. Results and discussion

To initiate the synthetic work, several chalcones 1 were pre-
pared in nearly quantitative yields according to our recent litera-
ture methods from the NaOH-mediated Claisen—Schmidt
condensation of substituted methyl ketones 4 with aldehydes 3
under the methanolic refluxing solution.” Next, synthesis of allyl
sulfone 2 was achieved from nucleophilic substitution of allyl
bromide with TolSO;Na in quantitative good yields. In an attempt to
develop a practical protocol of m-terphenyl with the structure of
1,3-disubstituted benzene, NaH-mediated one-pot [3C+3C] route
of the starting chalcone 1b (R;=3-MeOPh; R,=2-naphthalene) with
allyl sulfone 2 in refluxing THF provided m-terphenyl 5b (52%) and
sulfonyl m-terphenyl 6b (30%) in a ratio of 6:4. This is a short and
efficient route to achieve the structural skeleton of m-terphenyl. For
the regioselective introduction of a sulfonyl group on the m-ter-
phenyl skeleton, only one isomer 6b with specific site-selectivity
was isolated.

To change the bases with different equivalents in various sol-
vents from 25 °C to refluxing temperature, we found that different
product ratios of m-terphenyl 5b and sulfonyl m-terphenyl 6b were
obtained between 6:4 and 5:5 with the lower total yields via one-
pot tandem reaction of model chalcone 1b with allyl sulfone 2 (see
Table 2). By adjusting the equivalents of NaH, reaction time, tem-
perature, and concentration (for entries 1—6), the isolated total
yield of m-terphenyl 5b and 6b was noticeably enhanced (see entry
3). After screening the base-mediated reaction conditions (entries
7—11), we found that NaH provided higher yields than other bases
(DBU, Et3N, DMAP, MeONa, LiHMDS). Furthermore, when the base
and solvent were replaced with Et3N/CH,Cl; or MeONa/MeOH, the
isolated total yield of m-terphenyl 5b and 6b was decreased to 22%
or 31% (for entry 8, the starting material 1b was isolated in 65%
yield; for entry 10, unknown mixture was isolated in 46% yield as
the major product). According to the experimental results, we
envisioned that NaH (4 equiv) is an optimal base for elevating the
total yields of m-terphenyl 5b and 6b (82%) under boiling THF
conditions for 3 h (entry 3).!°

With the result in hand, one-pot preparation of substituted m-
terphenyl 5 and 6 was further examined. Changing the Ry and R;
substituent of chalcones 3, major 1,3-disubstituted benzenes 5a—v
and minor 1,3-disubstituted benzenes 6a—v with sulfonyl group
were isolated with good total yields in different ratios by one-pot
domino methodology; they are summarized in Table 1. The for-
mation of skeletons 5 and 6 was confirmed through spectral anal-
ysis, including 'H and '>C NMR and HRMS spectra. For example, the
'H NMR spectra of compound 6u exhibited three singles at ¢ 8.32,
7.56 and 7.32 for core benzene ring protons. Three CH protons
appeared as one doublet of H-1 (J=8.4 Hz), one doublet of H-3
(J=2.4 Hz), and one doublets of doublets of H-2 (J=2.4 and 8.4 Hz).
The structure of compound 6u was confirmed by HRMS, which
showed a peak at m/z 371.1145 [M*+4-1]. The structural frameworks
of compounds 5f, 6i, and 6s were determined by single-crystal X-
ray crystallography, as shown in Figs. 2—4.!" Compared with the
isolated yields of products 5a—v and 6a—v, it was found that dif-
ferent kinds of substituents (e.g., electron-withdrawing oxygen-
containing groups, electron-donating fluoro-containing groups,
heterocyclic 2-thiophene group, aliphatic tert-butyl group) did not
obviously interfere with the product yields and ratios distribution
of skeletons 5 and 6. Quaterphenyls 5j and 6j were also prepared
from the one-pot domino reaction of chalcone 1j with sulfone 2 via
a (C3+C3) route.

As shown in Scheme 2, a plausible explanation for the one-pot
synthesis of compounds 5a and 6a via the reaction of 1a and 2
should be that intermediate A of sodium o-carbanion was
first generated via NaH-mediated deprotonation of allyl sulfone
2 in refluxing THF. Initially, intermediate A was formed by

deprotonation of allyl sulfone 2 with NaH. Under thermodynamic
conditions, both possible intermediates B1 and B2 should be gen-
erated from the 1,2- or 1,4-addition of intermediate A with chalcone
1a. After the removal of toluenesulfonic sodium salt (TolSO3Na),
intermediate C1, with the (E,E)-conjugated configuration, should be
afforded. Because TolSO3Na could be isolated by the extraction
process (from the aqueous layer), the reaction pathway from in-
termediate B1 to C1 was proposed. Next, the formation of m-ter-
phenyl 5a was observed via the 1,6-67-electrocyclic disrotatory
ring closure followed by the sequential aromatization (oxidative
dehydrogenation process) of the resulting intermediate of cyclo-
hexadiene. At another stage, the proton exchange provided the
equilibrium process between intermediate B2 and C2. The corre-
sponding carbanion of intermediate C2 was delocalized to establish
intermediate D with cyclohexene ring. By the similar pathway
above, after dehydration and oxidative dehydrogenation, (an aro-
matization process), the formation of m-terphenyl 6a with sulfonyl
group was provided. From the above mentioned reaction mecha-
nism, we believe that air (molecular oxygen) plays an important
oxidant role to activate the aromatization step during the one-pot
direct transformation.'

3. Conclusion

In summary, we have successfully presented a novel and one-
pot cascade [C3+C3] methodology for synthesizing a series of m-
terphenyls 5a—v and sulfonyl m-terphenyls 6a—v via two important
steps: (1) 1,2- addition or 1,4-addition of chalcones 1a—v with the
a-carbanion intermediate A of allyl sulfone 2 and (2) removal of
TolSO3Na/1,6-electrocyclization/aromatization of possible in-
termediates (for skeleton 5) or proton exchange/six-membered
ring formation/dehydration/aromatization of several possible in-
termediates (for skeleton 6). The structural skeletons of key prod-
ucts were confirmed by X-ray crystal analysis. The one-pot
transition metal-free synthetic approach begins with simple
starting materials and reagents, and provides a potential protocol
for the synthetic research and biological activities of m-terphenyls.
Further investigation regarding one-pot cascade synthesis of mul-
tifunctionalized arenes will be conducted and published in due
course.

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 out under an atmosphere of dry air with magnetic
stirring. Products in organic solvents were dried with anhydrous
MgSO4 before concentration in vacuo. Melting points were de-
termined with a SMP3 melting apparatus. 'H and '3C NMR spectra
were recorded on a Varian INOVA-400 spectrometer operating at
200/400 and at 100 MHz, respectively. Chemical shifts () are re-
ported in parts per million (ppm) and the coupling constants (J) are
given in Hertz. High resolution mass spectra (HRMS) were mea-
sured with a mass spectrometer Finnigan/Thermo Quest MAT 95XL.
X-ray crystal structures were obtained with an Enraf-Nonius FR-
590 diffractometer (CAD4, Kappa CCD). Elemental analyses were
carried out with Heraeus Vario III-NCSH, Heraeus CHN—OS-Rapid
Analyzer or Elementar Vario EL IIL.

4.2. Arepresentative synthetic procedure of compounds 5a—v
and 6a—v is as follows

Sodium hydride (NaH, 60% in oil, 80 mg, 2.0 mmol) was added to
a solution of allyl sulfone 2 (98 mg, 0.5 mmol) in THF (8 mL). A
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Table 1
Synthesis of multisubstituted m-terphenyls 5 and 6*
o]
Tol v/
A\)CL L o 0 NaH (4.0 equiv) . o//s Hz
Ry Ry o N THF, reflux, 3h Ry R4 Ry R4
H3
1a-v 5a-v 6a-v
chalcones Sa-v 6a-v chalcones S5a-v 6a-v
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la-x Yield (%) Yield (%) la-x Yield (%) Yield (%)
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1 SRas oo o0 12 oo SOs *aned
la 5a, 50 6a, 36 11 51, 40 6l, 43
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o . ) O
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4 SORR® SORR s SOAR® 15 *OR e SRS AN e
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le Se, 54 6e, 32 1p Sp, 62 6p, 30
Tolt){}’ o F O E m«; P F
S i O 0. ° b
¢ LU0 UTTL OO [ v SR T WD AR
1f 5f, 60 6f, 34 1q 5q, 54 6q, 33
Tol 0 O Tol\/ /0
g O ‘ g Koty
7 <: O OO <Z O OO <z O OO 18 MeO’ O O CF3 MeO’ O O CF3 MeO O O CFy
1g 5g, 62 6g, 26 1r 5r, 43 6r, 35
i Me O OMe m‘; / O OMe o mo\/ ’
<o S Ol <°:‘/‘\,i <o O
X O e UL T | oMo, coTa,, OO,
1h Sh, 60 6h, 24 1s Ss, 40 6s, 38
MeO. MeO. MeO. O\ / o ° %
S 0 0 e
o DPTO DPTO D0 L ok oM L0
1i 5i, 56 6i, 23 1t 5t, 40 6t, 30
R Tol 0
Me O OMe ? O oMe Tol O
sagculi¥eage sane J SO s
10 O OMe one O OMe one O OMe ove 21 \\s \\s \\s
1j 5j, 54 6j, 20 1u Su, 43 6u, 40
J 2 0 J 0
1 o0, o, UOTC,, | 2 el we
1k 5k, 50 6k, 32 1v Sv, 50 6v, 33

2 For the best one-pot reaction conditions: substituted chalcones 1a—v (0.5 mmol), allyl sulfone 2 (0.5 mmol), NaH (60%, 80 mg, 2.0 mmol), THF (15 mL), reflux, 3 h.
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Table 2
Reactions of compounds 1b and 2*

Entry Base (equiv), solvent (mL), temp (°C), time (h) Yield (%) 5b/6b
1 NaH (4), THF (15), 25, 3 26/18°
2 NaH (4), THF (15), reflux, 1 36/25°
3 NaH (4), THF (15), reflux, 3 52/30°
4 NaH (4), THF (30), reflux, 3 43/30°
5 NaH (10), THF (15), reflux, 3 48/27¢
6 NaH (4), THF (15), reflux, 10 50/28°
7 DBU (4), THF (15), reflux, 3 40/36°
8 Et5N (4), CH,Cl, (15), reflux, 10 12/10°
9 DMAP (4), THF (15), reflux, 10 28/27°
10 MeONa (4), MeOH (15), reflux, 3 14/17%4
11 LiHMDS (1.0 M, 4), THF (15), reflux, 6 30/27°

2 The reactions were run on a 0.5 mmol scale with chalcone 1b and allyl sulfone 2.

b The starting material 1b (for entry 1, 40%; entry 2, 25%; entry 7, 8%; entry 8, 65%;
entry 9, 30%; entry 11, 20%) was recovered.

¢ No starting material 1b was recovered.

4 Unknown mixture was isolated (for entry 9, 46%).

Fig. 3. X-ray structure of compound 6i.

solution of chalcones 1 (0.5 mmol) in the THF (7 mL) was added to
the reaction mixture at rt. The reaction mixture was stirred at reflux
for 3 h. The reaction mixture was cooled to rt. Water (1 mL) was
added to the reaction mixture at 0 °C. The solvent was concentrated
under reduced pressure. The residue was diluted with water
(10 mL) and the mixture was extracted with EtOAc (3x20 mL). The
combined organic layers were washed with brine, dried, filtered,
and evaporated to afford crude product. Purification on silica gel
(hexanes/EtOAc=50/1—-10/1) afforded compounds 5a—v and 6a—v.

4.2.1. Compound (5a). Yield=50% (58 mg); mp=86—88 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd

Fig. 4. X-ray structure of compound 6s.
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Scheme 2. A possible mechanism to compounds 5a and 6a.

for CigHis 231.1174, found 231.1180; 'H NMR (400 MHz, CDCls):
6 7.82 (t, J=2.0 Hz, 1H), 6.67—6.64 (m, 4H), 7.60—7.58 (m, 3H),
7.54—7.45 (m, 4H), 7.38 (dt, J=2.0, 6.4 Hz, 2H); 3C NMR (100 MHz,
CDCls): 6 141.78 (2x), 141.18, 129.17 (2x), 128.79 (4x), 12739 (2x),
127.26 (4x), 126.16,126.11 (2x); Anal. Calcd for CigHy4: C, 93.87; H,
6.13. Found: C, 93.67; H, 6.02.

4.2.2. Compound (5b). Yield=52% (81 mg); colorless oil; HRMS
(ESI, MT+1) caled for Cy3H190 311.1436, found 311.1441; 'H NMR
(400 MHz, CDCl3): 6 8.16 (d, J=0.8 Hz, 1H), 8.01—7.92 (m, 4H), 7.85
(dd, J=2.0, 8.4 Hz, 1H), 7.76 (dt, J=1.6, 7.6 Hz, 1H), 7.66 (dt, J=1.6,
7.6 Hz, 1H), 7.61 (d, J=7.6 Hz, 1H), 7.59-7.52 (m, 2H), 7.45 (t,
J=8.0 Hz, 1H), 7.35-7.32 (m, 1H), 7.29—7.28 (m, 1H), 7.49 (ddd,
J=0.8, 2.4, 8.4 Hz, 1H), 3.93 (s, 3H); >C NMR (100 MHz, CDCl3):
0 159.97, 142.69, 141.74, 141.61, 138.40, 133.65, 132.66, 129.80,
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129.23,128.45,128.18,127.62,126.49, 126.38, 126.30, 126.21, 125.97,
125.89, 125.57, 119.78, 113.07, 112.75, 55.28.

4.2.3. Compound (5c). Yield=50% (69 mg); colorless gum; HRMS
(ESI, M*+1) caled for CogH190 275.1436, found 275.1435; '"H NMR
(400 MHz, CDCls): 6 7.82 (t, J=2.0 Hz, 1H), 7.61—7.57 (m, 2H), 7.58 (d,
J=8.0 Hz, 2H), 7.52 (t, J=7.6 Hz, 1H), 7.40 (t, J=7.6 Hz, 1H), 7.29 (d,
J=8.0 Hz, 2H), 7.28—7.25 (m, 1H), 7.21 (t, J=2.4 Hz, 1H), 6.95 (ddd,
J=0.8, 2.4, 8.4 Hz, 1H), 3.90 (s, 3H), 2.44 (s, 3H); 3C NMR (100 MHz,
CDCl3): 6 159.94, 142.79, 141.66, 141.60, 138.24, 137.19, 129.76,
129.51 (2x), 129.09, 127.07 (2x), 126.07, 125.97, 125.86, 119.75,
112.98, 112.76, 55.29, 21.09.

4.2.4. Compound (5d). Yield=48% (70 mg); colorless oil; HRMS
(ESI, M*+1) caled for Ci9H14FO, 293.0978, found 293.0982; 'H
NMR (400 MHz, CDCl3): 6 7.73 (t, J=2.4 Hz, 1H), 7.55—7.47 (m, 3H),
7.44—7.42 (m, 2H), 7.37—-7.34 (m, 1H), 7.14 (s, 1H), 712 (dd, J=1.6,
8.4 Hz, 1H), 7.11-7.06 (m, 1H), 6.92 (dd, J=1.6, 8.4 Hz, 1H), 6.02 (s,
2H); 3C NMR (100 MHz, CDCls): 6 163.17 (d, J=244.1 Hz), 148.17,
147.25, 143.40 (d, J=7.6 Hz), 141.58, 140.43 (d, J=2.3 Hz), 135.23,
130.21 (d, J=8.4 Hz), 129.24, 126.36, 125.73, 125.67, 122.81 (d,
J=3.0Hz),120.72,114.14 (d, J=21.3 Hz), 114.07 (d, J=21.9 Hz), 108.60,
107.69, 101.17.

4.2.5. Compound (5e). Yield=54% (78 mg); mp=89-90 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M"+1) calcd
for CooH170; 289.1229, found 289.1232; 'H NMR (400 MHz, CDCls):
6 7.76—7.75 (m, 1H), 7.57 (d, J=8.0 Hz, 2H), 7.56—7.54 (m, 1H),
7.52—7.48 (m, 2H), 7.30 (dd, J=0.8, 8.4 Hz, 2H), 7.16 (s, 1H), 7.15 (dd,
J=2.0, 8.8 Hz, 1H), 6.93 (dd, J=0.8, 8.0 Hz, 1H), 6.02 (s, 2H), 2.44 (s,
3H); 13C NMR (100 MHz, CDCl3): 6 148.10, 147.12, 141.65, 141.39,
138.23, 137.16, 135.59, 129.49 (2x), 129.08, 127.04 (2x), 125.64,
125.59, 125.54, 120.70, 108.56, 107.74, 101.12, 21.08; Anal. Calcd for
Cy0H1602: C, 83.31; H, 5.59. Found: C, 83.52; H, 5.80.

4.2.6. Compound (5f). Yield=60% (91 mg); mp=165—166 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M™+1) calcd
for CaoH1703 305.1178, found 305.1182; 'H NMR (400 MHz, CDCls):
67.71=7.70 (m, 1H), 7.59 (d, J=8.8 Hz, 2H), 7.53—7.46 (m, 3H), 7.14 (s,
1H), 713 (dd, J=2.0, 8.8 Hz, 1H), 7.01 (d, J=9.2 Hz, 2H), 6.91 (dd,
J=0.8, 8.0 Hz, 1H), 6.02 (s, 2H), 3.87 (s, 3H); '3C NMR (100 MHz,
CDCl3): 6 159.24,148.11,147.12, 141.41, 141.33, 135.62, 133.65, 129.10,
12821 (2x), 125.42, 125.37, 125.25, 120.70, 114.22 (2x), 108.56,
107.74, 101.14, 55.32; Anal. Calcd for CyoH1603: C, 78.93; H, 5.30.
Found: C, 79.12; H, 5.45. Single-crystal X-ray diagram: crystal of
compound 5f was grown by slow diffusion of EtOAc into a solution
of compound 5f in CH,Cl; to yield colorless prisms. The compound
crystallizes in the monoclinic crystal system, space group P121/c 1,
a=15.2923(13) A, b=7.2462(6) A, c=13.8147(11) A, V=1468.1(2) A3,
Z=4, dcaica=1.377 g/cm>, F000)=640, 26 range 1.39—26.43°, R in-
dices (all data) R1=0.0516, wR2=0.0966.

4.2.7. Compound (5g). Yield=62% (100 mg); colorless gum; HRMS
(ESI, M*+1) caled for C33H1707 325.1229, found 325.1236; 'H NMR
(400 MHz, CDCl3): ¢ 8.10 (d, J=1.2 Hz, 1H), 7.96—7.87 (m, 4H), 7.80
(dd,J=2.0, 8.4 Hz, 1H), 7.70—7.67 (m, 1H), 7.56—7.48 (m, 4H), 7.18 (s,
1H), 7.17 (dd, J=2.4, 8.8 Hz, 1H), 6.94 (dd, J=0.8, 8.8 Hz, 1H), 6.03 (s,
2H); 3C NMR (100 MHz, CDCls): 6 148.16, 147.21, 141.65, 141.58,
138.46,135.54,133.67,132.69, 129.24,128.46,128.20, 127.64, 126.33,
126.11,126.05,125.98, 125.92,125.90, 125.59, 120.78, 108.62, 107.78,
101.18.

4.2.8. Compound (5h). Yield=60% (109 mg); colorless gum; HRMS
(ESI, M™+1) caled for Ca5H,105 365.1389, found 365.1392; 'H NMR
(400 MHz, CDCl3): 6 7.67 (br s, 1H), 7.52—7.46 (m, 3H), 7.12 (s, 1H),
7.11 (dd, J=2.0, 8.4 Hz, 1H), 6.91 (dd, J=0.8, 8.4 Hz, 1H), 6.81 (s, 2H),

6.02 (s, 2H), 3.94 (s, 6H), 3.91 (s, 3H); 3C NMR (100 MHz, CDCls):
6 153.48 (2x), 148.16, 147.22, 141.95, 141.50, 137.17, 135.45, 129.99,
129.12, 128.76, 125.90, 125.77 (2x), 120.75, 108.61, 107.76, 104.57,
101.19, 60.95, 56.22 (2x).

4.2.9. Compound (5i). Yield=56% (90 mg); colorless gum; HRMS
(ESI, M*+1) calcd for C21H,103 321.1491, found 321.1496; 'H NMR
(400 MHz, CDCl3): 6 7.76 (t, J=1.6 Hz, 1H), 7.67—7.65 (m, 2H),
7.60—7.47 (m, 5H), 7.41—7.37 (m, 1H), 6.84 (s, 2H), 3.95 (s, 6H), 3.92
(s, 3H); 13C NMR (100 MHz, CDCl3): 6 153.47 (2x), 141.94, 141.82,
141.12, 137.73, 13718, 129.12, 128.80 (2x), 12745, 127.26 (2x),
126.17,126.07 (2x), 104.46 (2x), 60.94, 56.21 (2x).

4.2.10. Compound (5j). Yield=54% (107 mg); colorless gum; HRMS
(ESI, MT+1) calcd for Cy7H2503 397.1804, found 397.1812; TH NMR
(400 MHz, CDCl3): 6 7.83 (t, J=1.6 Hz, 1H), 7.77—7.63 (m, 7H),
7.59—7.47 (m, 4H), 7.41-7.37 (m, 1H), 6.87 (s, 2H), 3.96 (s, 6H), 3.94
(s, 3H); 13C NMR (100 MHz, CDCl3): 6 153.48 (2x), 142.02, 141.28,
140.57, 140.33, 139.96, 137.75, 137.16, 129.18, 128.80 (2x), 127.59
(2x),127.52 (2x),127.38,127.00 (2x), 126.15, 126.04, 125.92,104.57
(2x), 60.93, 56.20 (2x).

4.2.11. Compound (5k). Yield=50% (78 mg); mp=135-136 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd
for Cy3H190 3111436, found 311.1435; 'H NMR (400 MHz, CDCl3):
0 8.13—8.12 (m, 1H), 7.97—7.89 (m, 4H), 7.83 (dd, J=1.6, 8.4 Hz, 1H),
7.70—7.50 (m, 7H), 7.04 (d, J=8.4 Hz, 2H), 3.89 (s, 3H); >C NMR
(100 MHz, CDCl3): ¢ 159.28, 141.61, 141.46, 138.58, 133.69, 133.66,
132.66, 129.22, 128.43, 128.27 (2x), 128.18, 127.64, 126.30, 125.95
(2x),125.88,125.79 (2x), 125.63,114.25 (2x), 55.33; Anal. Calcd for
C,3H180: C, 89.00; H, 5.85. Found: C, 89.31; H, 6.01.

4.2.12. Compound (51). Yield=40% (51 mg); colorless gum; HRMS
(ESI, M*+1) calcd for C1gH12FS 255.0644, found 255.0646; 'H NMR
(400 MHz, CDCl3): 6 7.79 (t,J=1.6 Hz, 1H), 7.62 (dt, J=1.6, 6.8 Hz, TH),
7.50—7.31 (m, 7H), 7.11 (dd, J=3.6, 5.2 Hz, 1H), 7.10—7.05 (m, 1H); 13C
NMR (100 MHz, CDCl3): 6 163.19 (d, J=244.8 Hz), 144.03, 143.16 (d,
J=7.6 Hz), 135.06, 130.28 (d, J=9.1 Hz), 129.43, 128.07, 126.23,
125.44,125.12,125.12,124.76,123.45,122.84 (d, J=3.0 Hz), 114.31 (d,
J=21.2 Hz), 114.11 (d, J=21.9 Hz).

4.2.13. Compound (5m). Yield=42% (53 mg); colorless gum; HRMS
(ESI, M*+1) caled for Ci7H15S 251.0895, found 251.0902; 'H NMR
(400 MHgz, CDCl3): 6 7.87 (dt, J=0.4, 1.6 Hz, 1H), 7.63 (ddd, J=1.2, 1.6,
7.6 Hz, 1H), 7.59 (d, J=8.0 Hz, 2H), 7.56—7.53 (m, 1H), 7.49 (dt, J=0.4,
7.6 Hz, 1H), 742 (dd, J=0.4, 3.6 Hz, 1H), 7.35—7.31 (m, 3H), 7.15 (dd,
J=3.6,5.2 Hz, 1H), 2.46 (s, 3H); '3C NMR (100 MHz, CDCl3): 6 144.37,
141.85, 137.96, 137.28, 134.80, 129.50 (2x), 129.22, 127.98, 127.01
(2x),126.14, 124.86, 124.64, 124.60, 123.24, 21.80.

4.2.14. Compound (5n). Yield=50% (67 mg); mp=110—111 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M™+1) calcd
for C17H150S 267.0844, found 267.0841; 'H NMR (400 MHz, CDCl3):
67.80(t,J=1.6 Hz,1H), 7.58 (d, J=8.8 Hz, 2H), 7.58—7.56 (m, 1H), 7.48
(dt, J=1.6, 8.0 Hz, 1H), 7.44 (t, J=7.6 Hz, 1H), 7.38 (dd, J=1.2, 3.6 Hz,
1H), 7.31 (dd, J=1.2, 5.2 Hz, 1H), 7.11 (dd, J=3.6, 5.2 Hz, 1H), 7.02 (d,
J=8.8 Hz, 2H), 3.87 (s, 3H); >C NMR (100 MHz, CDCl3): § 159.32,
144.41, 141.52, 134.82, 133.38, 129.24, 128.21 (2x), 127.99, 125.92,
124.86, 124.43, 124.31, 123.23, 114.24 (2x), 55.34; Anal. Calcd for
C17H140S: C, 76.66; H, 5.30. Found: C, 76.85; H, 5.13.

4.2.15. Compound (50). Yield=48% (69 mg); colorless gum; HRMS
(ESI, M™+1) calcd for CyoHq5S 287.0895, found 287.0899; TH NMR
(400 MHz, CDCl3): ¢ 8.10 (d, J=1.2 Hz, 1H), 7.98—7.89 (m, 4H), 7.80
(dd, J=1.6, 8.4 Hz, 1H), 7.65 (J=8.0 Hz, 1H), 7.65 (d, J=7.6 Hz, 1H),
7.56—7.49 (m, 3H), 7.43 (dd, J=0.8, 3.6 Hz, 1H), 7.34 (dd, J=1.2,
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5.2 Hz, 1H), 7.14 (dd, J=3.6, 5.2 Hz, 1H); 3C NMR (100 MHz, CDCl5):
6 14430, 141.56, 138.19, 134.99, 133.63, 132.72, 129.38, 128.49,
128.21,128.05,127.65, 126.59, 126.36,126.05, 125.92, 125.51,125.09,
124.99 (2x), 123.38.

4.2.16. Compound (5p). Yield=62% (101 mg); colorless oil; HRMS
(ESI, M*+1) calcd for C19H1903S 327.1055, found 327.1056; 'H NMR
(400 MHz, CDCl5): & 7.77 (d, J=1.2 Hz, 1H), 7.60 (dt, J=2.0, 6.8 Hz,
1H), 7.48—7.42 (m, 2H), 7.38 (dd, J=0.8, 3.6 Hz, 1H), 7.32 (dd, J=1.2,
5.2 Hz, 1H), 7.11 (dd, J=3.6, 5.2 Hz, 1H), 6.81 (s, 2H), 3.95 (s, 6H), 3.92
(s, 3H); 13C NMR (100 MHz, CDCl3): § 153.46 (2x), 144.15, 142.14,
137.79,136.90, 134.86, 129.24,128.02, 136.30, 125.02, 124.95, 124.78,
123.38, 104.55 (2x), 60.93, 56.22 (2x).

4.2.17. Compound (5q). Yield=54% (94 mg); colorless gum; HRMS
(ESI, M*+1) calcd for Co3H2,FO, 349.1604, found 349.1612; 'TH NMR
(400 MHz, CDCl3): 6 7.55—7.43 (m, 4H), 7.35—7.29 (m, 2H), 7.21 (dt,
J=1.2,7.6 Hz,1H), 716 (ddd, J=1.2, 8.4,10.8 Hz, 1H), 7.02 (d, J=8.4 Hz,
1H), 6.88 (d, J=8.4 Hz, 1H), 5.98—5.89 (m, 1H), 4.96 (dq, J=1.6,
10.4 Hz, 1H), 4.82 (dq, J=1.6, 17.2 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3H),
3.42 (dt, J=1.6, 6.0 Hz, 2H); >*C NMR (100 MHz, CDCl3): 6 159.80 (d,
J=246.4 Hz), 152.02, 147.38, 141.58, 137.64, 135.58, 135.36, 131.61,
130.78 (d, J=3.7 Hz), 130.06, 128.97, 128.89, 128.73, 127.93, 127.39
(d, J=3.1 Hz), 125.41, 124.30 (d, J=3.0 Hz), 116.08 (d, J=22.7 Hz),
114.94, 110.24, 60.67, 55.71, 21.83.

4.2.18. Compound (5r). Yield=43% (71 mg); mp=140—-142 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M"™+1) calcd
for CyH16F30 329.1153, found 329.1160; H NMR (400 MHz, CDCls):
6 7.76—7.70 (m, 5H), 7.61—7.57 (m, 3H), 7.55—7.52 (m, 2H), 7.02 (d,
J=8.8 Hz, 2H), 3.87 (s, 3H); 13C NMR (100 MHz, CDCl3): § 159.41,
144.78,141.66 (2x),140.29,133.32,129.37,128.25 (2x),127.52 (2 x),
126.59 (2x),125.77,125.72 (q, J=3.8 Hz), 125.60, 114.32 (2x ), 114.27,
55.37; Anal. Calcd for CoH15F30: C, 73.16; H, 4.60. Found: C, 73.32;
H, 4.35.

4.2.19. Compound (5s). Yield=40% (70 mg); mp=84—-86 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd
for Cy3H16F3 349.1204, found 349.1200; 'H NMR (400 MHz, CDCls):
6 8.11 (s, 1H), 7.98—7.89 (m, 4H), 7.82—7.74 (m, 6H), 7.63—7.51 (m,
4H); 13C NMR (100 MHz, CDCl3): 6 144.68, 141.97, 140.43, 138.11
(2x), 133.65, 132.75, 129.50, 128.58, 128.21, 127.67, 127.55 (4x),
127.26, 126.45, 126.43, 126.26, 126.14, 125.98, 125.76 (q, J=3.8 Hz),
125.48; Anal. Calcd for Co3H15F3: C, 79.30; H, 4.34. Found: C, 79.62;
H, 4.26.

4.2.20. Compound (5t). Yield=40% (51 mg); colorless oil; HRMS
(ESI, M*+1) calcd for C16H1gNO, 256.1338, found 256.1339; '"H NMR
(400 MHz, CDCls): 6 8.30 (d, J=9.2 Hz, 2H), 7.74 (d, J]=8.8 Hz, 2H),
7.62 (brs, 1H), 7.51-7.46 (m, 1H), 7.44—7.43 (m, 2H), 1.39 (s, 9H); 13C
NMR (100 MHz, CDCl3): 6 152.18, 148.30, 138.60, 128.89, 127.91
(2x),126.01, 125.51, 124.62, 124.42,124.04 (2x), 34.88, 31.34 (3 x).

4.2.21. Compound (5u). Yield=43% (46 mg); colorless oil; HRMS
(ESI, M*+1) caled for Ci4H17S 2171051, found 217.1055; 'H NMR
(400 MHz, CDCls): ¢ 7.64 (dd, J=1.2, 2.4 Hz, 1H), 7.45—7.43 (m, 1H),
7.35-7.30 (m, 3H), 7.28 (dd, J=12, 5.2 Hz, 1H), 7.11 (dd, J=3.6, 5.2 Hz,
1H), 1.37 (s, 9H); 3C NMR (100 MHz, CDCl3): 6 151.77,145.05, 134.10,
128.58, 127.89, 124.64, 124.56, 123.32, 123.14, 122.96, 34.73, 31.31
(3x).

4.2.22. Compound (5v). Yield=50% (60 mg); colorless oil; HRMS
(ESI, M*+1) caled for Cy7H10 241.1592, found 241.1596; TH NMR
(400 MHz, CDCl3): 6 7.57—7.56 (m, 1H), 7.53 (d, J=8.8 Hz, 2H),
7.37—7.34 (m, 3H), 6.99 (d, J=8.4 Hz, 2H), 3.86 (s, 3H), 1.38 (s, 9H);
13C NMR (100 MHz, CDCl3): 6 159.03,151.53, 134.44, 130.06, 128.40,

128.28 (2x), 124.02, 123.95, 123.72, 11413 (2x), 55.34, 34.78,
31.40 (3x).

4.2.23. Compound (6a). Yield=36% (69 mg); colorless gum; HRMS
(ESI, M*+1) caled for Co5H,10,S 385.1262, found 385.1263; 'H NMR
(400 MHz, CDCls): ¢ 8.47 (d, J=8.4 Hz, 1H), 7.77 (dd, J=2.0, 8.4 Hz,
1H), 7.62—7.59 (m, 2H), 7.47—7.31 (m, 5H), 7.25—7.21 (m, 2H), 7.16 (d,
J=8.0 Hz, 2H), 7.07—7.04 (m, 2H), 7.01 (d, J=8.0 Hz, 2H), 2.34 (s, 3H);
13C NMR (100 MHz, CDCl3): 6 145.50, 143.32, 142.58, 138.86, 138.56,
138.22,138.09, 131.20,130.00 (2 x ), 129.21,128.98 (2x ), 128.93 (2x),
128.53,127.77 (2x), 127.63,127.30 (2x), 127.24 (2x), 125.92, 21.47.

4.2.24. Compound (6b). Yield=30% (70 mg); mp=151—-152 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M"+1) calcd
for C3gH503S 465.1524, found 465.1533; 'H NMR (400 MHz,
CDCls): 6 8.53 (d,J=8.4 Hz, 1H), 8.08 (d, J=1.2 Hz, 1H), 7.93—7.84 (m,
4H), 7.74 (dd, J=1.6, 8.4 Hz, 1H), 7.59 (d, J=2.0 Hz, 1H), 7.54—7.51 (m,
2H), 7.23 (d, J=8.0 Hz, 2H), 7.19 (t, J=3.6 Hz, 1H), 7.04 (d, J=8.4 Hz,
2H), 6.91 (dd, J=2.4, 7.6 Hz, 1H), 6.75 (dd, J=2.4, 7.6 Hz, 1H), 6.51 (t,
J=2.4Hz, 1H), 3.71 (s, 3H), 2.35 (s, 3H); 1*C NMR (100 MHz, CDCl3):
0 158.49, 145.30, 143.27, 142.34, 139.27, 138.62, 138.01, 135.99,
133.40, 133.04, 131.04, 129.11, 128.87 (2x), 128.75, 128.27 (2x),
127.81 (2x), 127.59, 126.59, 126.58, 126.53, 126.11, 124.88, 122.63,
114.83, 113.99, 54.93, 21.37; Anal. Calcd for C3gH2403S: C, 77.56; H,
5.21. Found: C, 77.92; H, 4.87.

4.2.25. Compound (6¢). Yield=36% (77 mg); colorless gum; HRMS
(ESI, M*+1) caled for Co7H2503S 429.1524, found 429.1530; 'H NMR
(400 MHz, CDCl3): 6 8.45 (d,J=8.4 Hz,1H), 7.76 (dd, J=2.0, 8.4 Hz, 1H),
7.51(d,J=8.4Hz,2H),7.43(d,J=2.0Hz,1H), 7.27—7.25(m, 2H), 719 (d,
J=8.4 Hz, 2H), 7.15 (t, ]=8.0 Hz, 1H), 7.02 (d, J=8.0 Hz, 2H), 6.87 (ddd,
J=038, 2.4, 8.4 Hz, 1H), 6.69 (dt, J=0.8, 7.6 Hz, 1H), 6.46 (t, J=2.0 Hz,
1H),3.69 (s, 3H), 2.39 (s, 3H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl3):
0158.49, 145.40,143.23,142.26,139.39, 138.61, 138.29,138.14,135.91,
130.62, 129.71 (2x), 129.06, 128.87 (2x ), 128.25, 127.83 (2x), 127.11
(2x),125.66, 122.65, 114.81, 114.01, 54.96, 21.41, 21.12.

4.2.26. Compound (6d). Yield=40% (89 mg); mp=170—171 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M +1) calcd
for CaH20FO4S 4471066, found 447.1068; 'H NMR (400 MHz,
CDCl3): ¢ 8.44 (d, J=8.4 Hz, 1H), 7.72 (dd, J=2.0, 8.4 Hz, 1H),
743-736 (m, 3H), 7.30—7.27 (m, 1H), 7.26 (d, J=8.4 Hz, 2H),
7.11-7.06 (m, 1H), 7.08 (d, J=8.0 Hz, 2H), 6.68 (d, J=8.0 Hz, 1H), 6.51
(dd, J=1.6, 8.0 Hz, 1H), 6.42 (d, J=1.6 Hz, 1H), 5.97 (s, 2H), 2.35 (s,
3H); 3C NMR (100 MHz, CDCl3): 6 163.10 (d, J=245.6 Hz), 147.21,
146.69, 144.09 (d, J=3.1 Hz), 143.56, 141.07, 141.00, 139.55, 137.97,
131.51,131.26,130.53 (d, J=8.3 Hz), 129.23 (2x), 127.79 (2x), 125.91,
123.76, 122.94, 122.92, 115.35 (d, J=21.2 Hz), 114.19 (d, J=22.0 Hz),
110.46,107.20,101.01, 21.44; Anal. Calcd for Cy6H19FO4S: C, 69.94; H,
4.29. Found: C, 70.18; H, 4.02.

4.2.27. Compound (6e). Yield=32% (71 mg); mp=161——162 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M+1) calcd
for Ca7H2304S 443.1317, found 443.1320; 'H NMR (400 MHz,
CDCl3): 6 8.42 (d, J=8.4 Hz, 1H), 7.73 (dd, J=2.0, 8.4 Hz, 1H), 7.50 (d,
J=8.4 Hz, 2H), 740 (d, J=2.0 Hz, 1H), 7.28—7.24 (m, 4H), 7.07 (d,
J=8.0 Hz, 2H), 6.68 (d, J=8.0 Hz, 1H), 6.53 (dd, J=1.6, 8.0 Hz, 1H),
6.43 (d,J=2.0 Hz, 1H), 5.97 (s, 2H), 2.39 (s, 3H), 2.36 (s, 3H); '>*C NMR
(100 MHz, CDCl3): ¢ 147.10, 146.63, 145.42, 143.40, 141.95, 138.59,
138.57, 138.23, 135.88, 131.87, 130.98, 129.70 (2x), 129.13, 128.85
(2x),127.77 (2x),127.08 (2x), 125.63,123.79, 110.54, 107.16, 100.98,
21.44, 21.10; Anal. Calcd for Co7H2204S: C, 73.28; H, 5.01. Found: C,
73.60; H, 5.38.

4.2.28. Compound (6f). Yield=34% (78 mg); colorless gum; HRMS
(ESI, M*+1) calcd for Co7H»305S 459.1266, found 459.1262; 'H NMR
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(400 MHz, CDCls): 6 8.40 (d, J=8.4 Hz, 1H), 7.70 (dd, J=2.0, 8.4 Hz,
1H), 7.54 (d, J=9.2 Hz, 2H), 7.36 (d, J=2.0 Hz, 1H), 7.26 (d, J=8.4 Hz,
2H), 7.07 (d, J=8.0 Hz, 2H), 6.97 (d, J=8.8 Hz, 2H), 6.68 (d, J=8.0 Hz,
1H), 6.52 (dd, J=1.6, 8.0 Hz, 1H), 6.42 (d, J=1.6 Hz, 1H), 5.97 (s, 2H),
3.84 (s, 3H), 2.35 (s, 3H); 3C NMR (100 MHz, CDCl3): 6 160.13,
147.10, 146.63, 145.06, 143.38, 141.96, 138.29, 138.18, 131.92, 131.14,
130.65,129.18,128.85 (2x ), 128.40 (2 ), 127.77 (2x ), 125.28,123.78,
114.42 (2x), 110.54, 107.16, 100.98, 55.33, 21.44.

4.2.29. Compound (6g). Yield=26% (62 mg); colorless gum; HRMS
(ESI, MT+1) calcd for C3gH2304S 479.1317, found 479.1321; 'TH NMR
(400 MHz, CDCl3): 6 8.49 (d, J=8.0 Hz, 1H), 8.07 (d, J=1.2 Hz, 1H),
7.93—7.85 (m, 4H), 7.72 (dd, J=2.0, 8.4 Hz, 1H), 7.55—7.51 (m, 3H),
7.30 (d, J=8.0 Hz, 2H), 7.09 (d, J=8.0 Hz, 2H), 6.71 (d, J=8.4 Hz, 1H),
6.58 (dd, J=1.6, 8.4 Hz, 1H), 6.48 (d, J=1.6 Hz, 1H), 5.99 (s, 2H), 2.37
(s, 3H); >C NMR (100 MHz, CDCl3): 6 147.17, 146.68, 145.38, 143.47,
142.08, 138.95, 138.18, 136.04, 133.43, 133.08, 131.47, 129.24, 128.88
(2x),128.77,128.30,127.80 (2x),127.73,127.63,127.61 (2x), 126.55,
126.13, 124.92, 123.83, 110.56, 107.21, 101.01, 21.45.

4.2.30. Compound (6h). Yield=24% (62 mg); colorless gum; HRMS
(ESI, M*+1) calcd for CogH2707S 519.1478, found 519.1482; TH NMR
(400 MHz, CDCl3): 6 8.41 (d, J=8.4 Hz, 1H), 7.71 (dd, J=2.0, 8.4 Hz,
1H), 7.34 (d, J=2.0 Hz, 1H), 7.25 (d, J=8.4 Hz, 2H), 7.07 (d, J]=8.0 Hz,
2H), 6.76 (s, 2H), 6.68 (d, J=8.0 Hz, 1H), 6.52 (dd, J=1.6, 8.0 Hz, 1H),
6.42 (d, J=1.6 Hz, 1H), 5.97 (s, 2H), 3.90 (s, 6H), 3.88 (s, 3H), 2.35 (s,
3H); 3C NMR (100 MHz, CDCl5): & 153.59 (2x), 147.16, 146.65,
145.56, 143.48, 141.95, 138.88, 138.10, 134.63, 131.68, 131.06, 129.87,
129.12, 128.86 (2x), 127.74 (2x), 125.86, 123.79, 110.51, 107.17,
104.59 (2x), 101.01, 60.88, 56.22 (2x), 21.43.

4.2.31. Compound (6i). Yield=23% (55 mg); mp=202—204 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd
for C2gH»705S 475.1579, found 475.1574; 'H NMR (400 MHz, CDCl3):
6 8.48 (d, J=8.4 Hz, 1H), 7.78 (dd, J=2.0, 8.4 Hz, 1H), 7.63—7.61 (m,
2H), 7.48—7.38 (m, 4H), 7.20 (d, J=8.4 Hz, 2H), 7.04 (d, ]=8.0 Hz, 2H),
6.20 (s, 2H), 3.91 (s, 3H), 3.69 (s, 6H), 2.33 (s, 3H); 3C NMR
(100 MHz, CDCl3): 6 152.04 (2x), 145.53, 143.18, 142.22, 138.85,
138.79, 138.03, 137.43, 133.18, 130.74, 129.00 (2x), 128.94, 128.81
(2x), 128.59, 127.88 (2x), 127.27 (2x), 125.91, 107.43 (2x), 60.90,
55.77 (2x), 21.35; Anal. Calcd for CygH05S: C, 70.86; H, 5.52.
Found: C, 70.96; H, 5.74. Single-crystal X-ray diagram: crystal of
compound 6i was grown by slow diffusion of EtOAc into a solution
of compound 6i in CHCl; to yield colorless prisms. The compound
crystallizes in the triclinic crystal system, space group P-1,
a=9.918(3) A, b=11.088(3) A, c=11.599(3) A, V=1166.7(5) A3, Z=2,
deaica=1.351 g/cm?, F(000)=500, 26 range 1.91—26.39°, R indices (all
data) R1=0.0544, wR2=0.1623.

4.2.32. Compound (6j). Yield=20% (55 mg); colorless gum; HRMS
(ESI, M*+1) calcd for C34H3105S 551.1892, found 551.1899; '"H NMR
(400 MHz, CDCl3): 6 8.47 (d, J=8.4 Hz, 1H), 7.75 (dd, J=2.0, 8.4 Hz,
1H), 7.65—7.62 (m, 2H), 7.52—7.41 (m, 6H), 7.19 (d, J=8.4 Hz, 2H),
713 (d, J=8.4 Hz, 2H), 6.99 (d, J=8.0 Hz, 2H), 6.79 (s, 2H), 3.92 (s,
3H), 3.91 (s, 3H), 3.89 (s, 3H), 2.34 (s, 3H); '3C NMR (100 MHz,
CDCl3): 6 153.67 (2x), 153.02, 145.67, 143.42, 142.20, 140.68, 140.60,
138.79, 138.72, 137.18, 134.69, 130.93, 130.51 (2x), 129.22, 128.90
(2x), 127.83 (2x), 127.57, 127.05 (2x), 125.96 (2x), 125.94 (2x),
105.85, 104.67 (2x), 60.95, 56.29 (2x), 21.53.

4.2.33. Compound (6k). Yield=32% (74 mg); colorless gum; HRMS
(ESI, M*+1) calcd for C3gH2503S 465.1524, found 465.1532; 'H NMR
(400 MHz, CDCl3): ¢ 8.47 (d, J=8.1 Hz, 1H), 7.87 (d, J=7.6 Hz, 1H),
7.78—7.73 (m, 2H), 7.61-7.47 (m, 6H), 7.30—7.27 (m, 2H), 7.06 (d,
J=8.4 Hz, 2H), 6.97 (d, J=8.8 Hz, 2H), 6.77 (d, J=8.4 Hz, 2H), 3.84 (s,
3H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3): 6 160.13, 145.09,

143.26, 142.44, 138.17, 138.11, 135.85, 132.47, 132.34, 131.16, 130.56,
129.18,128.84,128.73 (2x), 128.43 (2x), 128.00, 127.95, 127.68 (2 x),
127.58, 126.64, 126.26, 126.06, 125.40, 114.45 (2x), 55.32, 21.32.

4.2.34. Compound (6l). Yield=43% (88 mg); colorless gum; HRMS
(ESI, M*+1) calcd for Co3HigFO,S, 409.0732, found 409.0736; 'H
NMR (400 MHz, CDCl3): 6 8.50 (d, J=8.0 Hz, 1H), 7.75 (dd, J=2.0,
8.4 Hz, 1H), 7.53 (d, J=2.0 Hz, 1H), 7.45—7.36 (m, 2H), 7.31-7.25 (m,
4H), 7.21 (dd, J=1.2, 3.6 Hz, 1H), 7.12—7.08 (m, 1H), 7.06 (d, J=8.0 Hz,
2H), 7.02 (dd, J=3.6, 5.2 Hz, 1H), 2.34 (s, 3H); 3C NMR (100 MHz,
CDCl3): 6 163.15 (d, J=245.6 Hz), 144.11, 143.56, 140.85 (d, J=7.6 Hz),
140.17, 137.41, 137.36, 135.01, 132.52, 130.96, 130.60 (d, J=8.3 Hz),
129.79, 129.02 (2x), 127.74 (2x), 127.11, 126.67, 126.58, 123.01 (d,
J=3.0 Hz), 115.51 (d, J=21.2 Hz), 114.28 (d, J=21.8 Hz), 21.53.

4.2.35. Compound (6m). Yield=38% (77 mg); mp=138—139 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M"+1) calcd
for Co4H210,S, 405.0983, found 405.0986; 'H NMR (400 MHz,
CDCl3): 6 8.47 (d, J=8.4 Hz, 1H), 7.75 (dd, J=1.6, 8.0 Hz, 1H), 7.55 (d,
J=1.6 Hz, 1H), 7.50 (d, J=8.0 Hz, 2H), 7.29—7.25 (m, 5H), 7.21 (dd,
J=1.6,8.0 Hz, 1H), 7.06 (d, J=8.4 Hz, 2H), 7.02 (dd, J=3.6, 5.2 Hz, 1H),
2.40 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3): & 145.42,
143.39, 139.17, 138.73, 137.74, 137.64, 135.69, 134.75, 132.26, 130.78,
129.75 (2x), 129.68, 128.97 (2x), 127.70 (2x), 127.13 (2x), 126.91,
126.58, 126.30, 21.51, 21.14; Anal. Calcd for Ca4H200,S5: C, 71.25; H,
4.98. Found: C, 71.52; H, 5.27.

4.2.36. Compound (6n). Yield=36% (76 mg); mp=115-116 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd
for Ca4H2103S; 421.0932, found 421.0938; 'H NMR (400 MHz,
CDCl3): 6 8.45 (d, J=8.4 Hz, 1H), 7.72 (dd, J=2.0, 8.4 Hz, 1H), 7.54 (d,
J=8.8 Hz, 2H), 7.52 (d, J=2.0 Hz, 1H), 7.29—-7.27 (m, 1H), 7.26 (d,
J=8.4Hz, 2H), 7.58 (dd, J=1.2, 3.6 Hz, 1H), 7.05 (d, J=8.0 Hz, 2H), 7.01
(dd, J=3.6, 5.2 Hz, 1H), 6.97 (d, J=8.4 Hz, 2H), 3.84 (s, 3H), 2.33 (s,
3H); 3C NMR (100 MHz, CDCl3): 6 160.20, 145.03, 143.36, 138.76,
137.77, 137.67, 134.74, 131.90, 130.90, 130.74, 129.69, 128.96 (2x),
128.43 (2x), 127.66 (2x), 126.87,126.57, 125.91, 114.46 (2x), 55.34,
21.49; Anal. Calcd for Cy4H2003S5: C, 68.54; H, 4.79. Found: C, 68.85;
H, 4.58.

4.2.37. Compound (60). Yield=40% (88 mg); mp=169—170 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) caled
for Cy7H»10,S, 441.0983, found 441.0982; 'H NMR (400 MHz,
CDCl3): 6 8.53 (d, J=8.4 Hz, 1H), 8.07 (d, J=2.0 Hz, 1H), 7.94—7.84 (m,
4H),7.72 (dd, J=1.6, 8.4 Hz, 1H), 7.69 (d, J=2.0 Hz, 1H), 7.55—7.50 (m,
2H), 7.30 (dd, J=0.8, 3.6 Hz, 1H), 7.28 (d, J=8.4 Hz, 2H), 7.24 (dd,
J=1.2, 5.2 Hz, 1H), 7.07 (d, J=8.0 Hz, 2H), 7.04 (dd, J=3.6, 5.2 Hz, 1H),
2.35 (s, 3H); '3C NMR (100 MHz, CDCl3): é 145.44, 143.48, 139.60,
137.70,137.62, 135.90, 134.93, 133.47, 133.17, 132.75, 130.92, 129.80,
129.03 (2x), 128.87, 128.37, 127.76 (2x), 127.69, 127.01, 126.82,
126.73 (2x), 126.67 (2x), 124.95, 21.54; Anal. Calcd for C27H200,S5:
C, 73.61; H, 4.58. Found: C, 73.75; H, 4.67.

4.2.38. Compound (6p). Yield=30% (72 mg); colorless gum; HRMS
(ESI, M*+1) calcd for C25H2505S, 481.1144, found 481.1145; '"H NMR
(400 MHz, CDCl3): 6 8.47 (d, J=8.4 Hz, 1H), 7.73 (dd, J=2.0, 8.4 Hz,
1H), 7.50 (d, J=2.0 Hz, 1H), 7.29 (dd, J=1.6, 5.2 Hz, 1H), 7.25 (d,
J=8.0Hz, 2H), 7.21 (dd, J=0.8, 3.6 Hz, 1H), 7.05 (d, J=8.0 Hz, 2H), 7.03
(dd, J=3.6, 5.2 Hz, 1H), 6.76 (s, 2H), 3.91 (s, 6H), 3.88 (s, 3H), 2.34 (s,
3H); 3C NMR (100 MHz, CDCl3): 6 153.65 (2x), 145.58, 143.46,
139.49, 137.57,135.51, 134.75, 134.44, 132.35, 130.86, 129.65, 128.98
(2x), 127.67 (2x), 127.00, 126.63, 126.54, 104.66 (2x ), 60.92, 56.27
(2x), 21.50.

4.2.39. Compound (6q). Yield=33% (83 mg); colorless gum; HRMS
(ESI, M*+1) caled for C3gH,gF04S 503.1692, found 503.1695; 'H
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NMR (400 MHz, CDCl3): 6 8.47 (d, J=8.4 Hz, 1H), 7.75 (dt, J=1.6,
8.4 Hz, 1H), 7.40—7.29 (m, 3H), 7.24—7.05 (m, 6H), 6.75 (d, J=8.4 Hz,
1H), 6.32 (d, J=8.4 Hz, 1H), 5.69—5.59 (m, 1H), 4.80 (dg, J=1.,
10.0 Hz, 1H), 4.58 (dq, J=1.6, 17.2 Hz, 1H), 3.92 (s, 3H), 3.80 (s, 3H),
2.90—-2.84 (m, 1H), 2.37 (s, 3H), 2.16 (ddt, J=1.2, 10.0, 17.2 Hz, 1H);
13C NMR (100 MHz, CDCl3): 6 159.74 (d, J=247.8 Hz), 152.53, 146.80,
143.63, 140.30, 139.88, 138.96, 137.79, 137.01, 133.78 (d, J=3.0 Hz),
132.72, 130.58 (d, J=3.0 Hz), 130.15 (d, J=7.6 Hz), 130.08, 129.07
(2x), 128.70, 128.36, 128.31, 128.08 (2x), 126.87, 124.55 (d,
J=3.8 Hz), 116.32 (d, J=22.7 Hz), 114.88, 109.34, 60.53, 55.75, 32.50,
21.55.

4.2.40. Compound (6r). Yield=35% (84 mg); colorless gum; HRMS
(ESI, M™+1) caled for Ca7H,,F303S 483.1242, found 483.1250; 'H
NMR (400 MHz, CDCl3): 6 8.48 (d, J=8.4 Hz, 1H), 7.75 (dd, J=2.0,
8.4 Hz, 1H), 7.70 (s, 4H), 7.41 (d, J=2.0 Hz, 1H), 7.18 (d, J=8.4 Hz, 2H),
7.03 (d, J=8.8 Hz, 2H), 6.97 (d, J=8.8 Hz, 2H), 6.78 (d, J=8.8 Hz, 2H),
3.86 (s, 3H), 2.34 (s, 3H); '3C NMR (100 MHz, CDCls): & 159.43,
143.93, 143.50 (2x), 142.71, 142.50, 139.89, 137.92, 131.72, 131.21
(4x),130.23, 129.43, 128.94 (2x), 127.81 (2x), 127.68 (2x), 125.98,
125.92 (q, J=3.8 Hz), 112.79 (2x), 55.36, 21.51.

4.2.41. Compound (6s). Yield=38% (95 mg); mp=216—218 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd
for C3gH22F30,S 503.1293, found 503.1289; 'H NMR (400 MHz,
CDCl3): 6 8.55 (d, J=8.4 Hz, 1H), 7.88 (d, J=8.0 Hz, 1H), 7.82 (dd,
J=2.0, 8.4 Hz, 1H), 7.75 (d, J=8.0 Hz, 1H), 7.72 (s, 4H), 7.61 (d,
J=8.0 Hz, 1H), 7.56—7.48 (m, 3H), 7.29-7.26 (m, 2H), 7.05 (d,
J=8.4 Hz, 2H), 6.78 (d, J=8.0 Hz, 2H), 2.23 (s, 3H); >C NMR
(100 MHz, CDCls): 6 143.97, 143.55, 142.77, 142.43, 139.94, 137.79,
135.37, 132.56, 132.34, 131.40, 129.34, 128.91, 128.82 (2x), 128.05,
127.96, 127.84, 127.77 (4x), 127.70 (2x), 127.64, 126.81, 126.45,
126.30, 126.22, 125.95 (q, J=3.8 Hz), 21.35; Anal. Calcd for
C30H21F30,S: C, 71.70; H, 4.21. Found: C, 71.91; H, 4.38. Single-
crystal X-ray diagram: crystal of compound 6s was grown
by slow diffusion of EtOAc into a solution of compound 6s in
CH,(Cl; to yield colorless prisms. The compound crystallizes in the
monoclinic crystal system, space group P 1 21/c 1, a=5.8615(4) A,
b=30.118(2) A, =13.3762(10) A, V=23385(3) A3, Z=4,
dcalcd=1.427 g/cm3, F(000)=1040, 26 range 1.68—26.62°, R indices
(all data) R1=0.0662, wR2=0.1001.

4.2.42. Compound (6t). Yield=30% (61 mg); mp=197—199 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) caled
for Cp3H24NO4S 4101426, found 410.1430; 'H NMR (400 MHz,
CDCl3): 6 8.27 (d, J=8.4 Hz, 1H), 8.08 (d, J=8.8 Hz, 2H), 7.62 (dd,
J=2.0, 8.4 Hz, 1H), 7.20 (d, J=8.4 Hz, 2H), 7.19 (d, J=8.8 Hz, 2H), 7.14
(d, J=2.0 Hz, 1H), 7.06 (d, J=8.4 Hz, 2H), 2.36 (s, 3H), 1.33 (s, 9H); 1°C
NMR (100 MHz, CDCl3): ¢ 157.01, 147.27, 145.61, 143.98, 139.28,
138.16,136.90, 131.05 (2x ), 129.20 (2x ), 128.95,128.90, 127.64 (2 x),
125.74, 122.27 (2x), 35.18, 30.98 (3x), 21.51; Anal. Calcd for
C23H23NO4S: C, 67.46; H, 5.66; N, 3.42. Found: C, 67.56; H, 5.39; N,
3.65.

4.2.43. Compound (6u). Yield=40% (74 mg); colorless gum; HRMS
(ESI, M*+1) calcd for C31H30,S; 371.1140, found 371.1145; '"H NMR
(400 MHz, CDCl3): ¢ 8.32 (d, J=8.4 Hz, 1H), 7.56 (dd, J=2.4, 8.4 Hz,
1H), 7.32 (d,J=2.4 Hz, 1H), 7.27—7.25 (m, 1H), 7.24 (d, J=8.4 Hz, 2H),
7.15 (dd, J=1.2, 5.2 Hz, 1H), 7.04 (d, J=8.4 Hz, 2H), 7.00 (dd, J=3.6,
5.2 Hz, 1H), 2.33 (s, 3H), 1.32 (s, 9H); 13C NMR (100 MHz, CDCl3):
0 156.45, 143.24, 138.26, 138.04, 137.79, 133.89, 131.13, 130.61,
128.96, 128.93 (2x), 127.70 (2x), 126.65, 126.53, 125.29, 35.04,
30.97 (3x), 21.50.

4.2.44. Compound (6v). Yield=33% (65 mg); colorless gum; HRMS
(ESI, M*+1) caled for Co4H2703S 395.1681, found 395.1686; 'H NMR

(400 MHz, CDCl3): 6 8.28 (d, J=8.4 Hz, 1H), 7.53 (dd, J=2.0, 8.4 Hz,
1H), 7.17 (br s, 1H), 7.16 (d, J=8.0 Hz, 2H), 7.01 (d, J=8.0 Hz, 2H), 6.93
(d,J=8.4 Hz, 2H), 6.75 (d, J=8.8 Hz, 2H), 3.85 (s, 3H), 2.32 (s, 3H), 1.31
(s, 9H); 13C NMR (100 MHz, CDCl5): ¢ 159.10, 156.43, 143.06, 141.52,
138.35, 137.21, 13121 (2x), 131.09, 129.98, 128.77 (2x), 128.43,
127.67 (2x), 124.32, 112.56 (2x), 55.28, 34.98, 30.97 (3x), 21.41.
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