@ UNIVERSITY OF GOTHENBURG
The Journal of Organic Chemistry GOTHENBURG UNIVERSITY LIBRARY

Subscriber access provided by Gothenburg University Library

Transition-Metal Free Arylation and Alkylation of
Diarylmethyl p-Tolyl Sulfones with Zinc Reagents
Maozhong Miao, Wenguang Yin, Lei Wang, Zhengkai Chen, Jianfeng Xu, and Hongjun Ren

J. Org. Chem., Just Accepted Manuscript « DOI: 10.1021/acs.joc.8b01428 « Publication Date (Web): 01 Aug 2018
Downloaded from http://pubs.acs.org on August 1, 2018

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a service to the research community to expedite the dissemination
of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in
full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully
peer reviewed, but should not be considered the official version of record. They are citable by the
Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore,
the “Just Accepted” Web site may not include all articles that will be published in the journal. After
a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web
site and published as an ASAP article. Note that technical editing may introduce minor changes
to the manuscript text and/or graphics which could affect content, and all legal disclaimers and
ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,
Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.

N4 ACS Publications



Page 1 of 34

oNOYTULT D WN =

The Journal of Organic Chemistry

Transition-Metal Free Arylation and Alkylation of Diarylmethyl
p-Tolyl Sulfones with Zinc Reagents
Maozhong Miao*, Wenguang Yin, Lei Wang, Zhengkai Chen, Jianfeng Xu, and Hongjun Ren*

Department of Chemistry, Zhejiang Sci-Tech University, Hangzhou, Zhejiang 310018 (P. R. China)

mmzok@zstu.edu.cn; renhj@zstu.edu.cn

[ N
EN R Aryl or Alkyl N | R
E i Zinc reagents (3.0 equiv) [ N
‘L -0 — 5 i
RIS THF, 60 °C, 12 h o N Ay or Alky!
CH

3
1 2and 3,

yield: 32-99%

Abstract: The transition-metal free synthesis of unsymmetrical and highly functionalized
triarylmethanes through arylation of the situ generated 0-QMs from diarylmethyl p-tolyl sulfones
with aryl zinc reagents is described. Alkyl zinc reagents are also well tolerated in this reaction.
Additionally, the straightforward synthesis of the analogue of the anti-tuberculosis agent A and the

key precursor of the anti-breast cancer agent B are achieved by this strategy.

The triarylmethanes, a class of structurally unique molecules, are widespread in material science and
medicinal chemistry.! For example, several triarylmethane compounds have been utilized as
pharmacological agents for treating bacterial infection (A, Chart 1),” breast cancer (B)® and diabetes
(C).* Triarylmethane dyes are synthetic organic compounds containing triphenylmethane backbones,
which have been widely used in material sciences due to their special photochemical and
photophysical properties.” Although quite rare, the triarylmethane units have been found in natural

products such as cassigarol B and muchimangin B (D).
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Chart 1. Biologically pertinent triarylmethanes.

The synthesis of unsymmetrical triarylmethanes is a challenge because of their unique structures
with three aryl groups attached to the central sp’-hybridized methide carbon. Conventionally,
triarylmethanes are prepared through typical Friedel-Crafts alkylation of diarylcarbinols in the
presence of either Bronsted or Lewis acids (Scheme 1),” however, these reactions are limited to
electron-rich arenes and have poor regioselectivies. Despite the cross coupling and C-H activation
based strategies addressing these synthesis most require expensive palladium salts and ligands
(Scheme 1).® Hence, the development of environmentally benign, practical, transition-metal free
protocols for the efficient synthesis of unsymmetrically functionalized triarylmethanes are highly
desired. ’

Ortho-quinone methides (0-QMs), are useful building blocks in modern chemical
transformations.'' Pioneering synthesis are availuable for generating 0-QMs in situ from the
corresponding substituted benzylsulfones.'”> We envisaged that the appropriately substituted
benzylsulfones might undergo elimination to form transient 0-QMs with the assistance of aryl zinc
reagents,” the resulting 0-QMs could be trapped by the excess aryl zinc reagents to afford the
triarylmethanes. In this process, the zinc reagents play dual roles, as bases generating 0-QM

intermediates and attacking the 0-QMs as nucleophiles (Scheme 1).
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a) Friedel—Crafts reaction, b) Pd or Ni catalyzed cross-coupling reaction, c) transition-metal
22 catalyzed C-H functionalization. d) This work: transition-metal free [1,4] or [1,6] addition (R', R%,
R’ = substituted groups, EDG = Electron-Donating Group, LG = Leaving Group).

27 With  this idea in  mind, we started our  investigation by  using
29 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a as a model substrate which was prepared according to
32 a modified literature method.""* The typical results are summarized in Table 1. The reaction of 1a
34 with phenyl Grignard reagent (Knochel type Grignard with LiCl) catalyzed by Cul (5 mol %) in
37 tetrahydrofuran (THF) at -78 °C for 12 hours detected the desired arylation product 2a in trace
39 amount (Table 1, entry 1). Elevating the temperature to 0 °C gave only trace product (entry 2). When
the phenyl zinc reagent was employed, the desired arylation product 2a was isolated in 22% yield
44 (entry 3). To our delight, after some experimentation, we found that the arylation product 2a could be
obtained in 20 % yield in the absence of Cul at 0 °C (entry 4). Decreasing the temperature to - 30 °C
49 decreased the yield (entry 5) but the yield was dramatically improved when the reaction temperature
51 was raised to 60 °C (entry 6). By contrast, the phenyl Grignard reagent gave a poor result at 60 °C
54 (entry 7). Under optimal conditions using 3.0 equivalent of phenyl zinc reagent at 60 °C for 12 hours,

56 the yield was further improved to 82% (entry 8). Furthermore, the reaction was carried out using 1
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equivalent of bases such as K,CO; and Et;N together with 1 equivalent of zinc reagent at 60 °C,
however, poor results were obtained (entries 9 and 10). These results indicated that excess zinc

reagents WCTIC necessary.

Table 1. Optimization of the Reaction Conditions”

OMe OMe

PhMgBreLiCI

e,
O TS orphzngreLici O OH
oH

1a 2a

entry reagent (equiv) catalyst temp. (°C) yield (%)°
1 PhMgBr-LiCl (2.5) Cul -78 trace
2 PhMgBr-LiCl (2.5) Cul 0 trace
3 PhZnBr-LiCl (2.5) Cul 0 22
4 PhZnBr-LiCl (2.5) / 0 20
5 PhZnBr-LiCl (2.5) / -30 trace
6 PhZnBr-LiCl (2.5) / 60 78
7 PhMgBr-LiCl (2.5) / 60 trace
8 PhZnBr-LiCl (3.0) / 60 82
9 PhZnBr-LiCl (1.0)° / 60 0

10 PhZnBr-LiCl (1 .O)d / 60 trace
“Conditions: 1a (0.5 mmol), PhMgBr-LiCl (2.5 equiv) or PhZnBr-LiCl (2.5 or 3.0 equiv),

in solvent of THF under N,. ® Isolated yield. ° K,CO; (1 equiv) was used. ¢ Et;N (1 equiv) was used. (THF = tetrahydrofuran).

With the optimized conditions, the generality of arylation reaction for the synthesis of
triarylmethane derivatives 2 from various tosylmethyl phenols 1 and functionalized aryl zinc
reagents was next investigated (2b—x, Scheme 2). para-Substituted aryl zinc reagents with groups
such as p-phenyl, p-t-Bu, p-OMe, and p-chloro reacted with
2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a to afford the corresponding desulfonylation arylation
products 2b—e in good yields (69-90%). para-, meta- and ortho- Methyl substituted phenyl zinc
reagents were well tolerated, whereas o-methyl phenyl zinc reagent gave the slightly lower yield
presumably because of steric effect (2g—i). With respect to tosylmethyl phenols 1, products (2j—1)
were isolated in up to 95% yield. Furthermore, heterocycles such as thiophene could be tolerated in
this reaction (2m). In the case of B-naphthol substrates, the desulfonylation products were obtained

in good to excellent yields (2n—s). In particular, heterocyclic zinc reagents such as thiophenyl and
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carbazolyl zinc reagents could be used in this transformation to provide the unsymmetrical
triarylmethanes containing heterocycles with high potential in material science (2r—s). Tosylmethyl
naphthols with heterocyclic structures were also compatible with the desulfonylation arylation
method (2t—u). Functionalized zinc reagents with CN and Br substitutents at ortho- and para-
position of benzene ring were suitable substrates to affording triarylmethanes in reasonable yield
(2v—w). However, the zinc reagent with strong electron-withdrawing group -COOEt at para-
position of benzene ring failed to give the desired product. The bulky zinc reagent
phenanthren-9-ylzinc(Il) bromide reacted with 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a to
provide the arylation product 2x in 91% yield, which is an analogue of the anti-breast-cancer agent
B.

Scheme 2. Generality of the Reaction with Aryl Zinc Reagents”’b

[\ ArZnBr (3.0 equiv)
N S/,o —_—
R 5\©\ THF, 60°C, 12h
OH CHy
1 2b-x, 41-99%

OMe OMe OMe
‘?l\‘\ cl <R cl
SACTNGACENOAUEN G OS>

oH R OH oH OH

2b:R= Ph, 90% 2:39% 2g: R = 0-Me, 60%; 2 76%
2c:R = tBu, 87% 2h: R = m-Me, 81%;
2d: R = OMe, 79% 2i: R= p-Me, 84%.
2e: R Cl, 69% OMe
OMe O
O 'O »
O OH OH R
OH OH 20:R=H, 82%
2m: 70% 2p: R =Ph, 97%
2k: X = F, 76% 2n: 99% 29: R = OMe, 96%
21: X = Cl, 95%

CLC

2t: X=0, 88%

2u:X =S, 99%
2r: 89% MeO
NS N S
HQO
OH OH Br
2v: 47% 2w: 73% 2%: 91%

2 Conditions: 1 (0.5 mmol), Zinc reagents (3.0 equiv), in THF at 60 °C in under N,, ® Isolated yield.
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We extended the above protocol using alkyl zinc reagents. Under the standard reaction condition,
the substrate of 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a was treated with various simple alkyl
zinc reagents, such as ethyl, i-propyl, and #butyl zinc reagents to afford the corresponding
functionalized diaryl compounds in 32—78% yields. More sterically crowded reagents afforded the
products in lower yields (Scheme 3, 3a—d). In the case of tosylmethyl naphthol substrates, the
ethylation and isopropylation went well to provide the corresponding products in 89% and 72%
yields, respectively (3e—f). Functionalized alkyl zinc reagents, such as (4-acetoxybutyl)zinc(Il)
bromide and (5-ethoxy-5-oxopentyl)zinc(Il) bromide were also suitable to this transformation and
provided the products in yield of 73% and 60%, respectively (3g—h). Interestingly, when
Reformatsky enolate was introduced, both the intermolecular desulfonylation alkylation and the
intramolecular esterification occurred to furnish the 1,2-dihydro benzo[f]chromen-3-one derivatives
in good yields (3i—j).

Scheme 3. Generality of the Reaction with Alkyl Zinc Reagents“’b
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3h: 60% 372% 34 72%

@Conditions: 1 (0.5 mmol), Zinc reagents (3.0 equiv), in THF at 60 °C in under N,. * Isolated yield.

To show the utility of the modular approach to unsymmetrically functionalized triarylmethanes,

the applications for the synthesis of anti-tuberculosis agent A and anti-breast-cancer agent B
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analogues were carried out (Scheme 4). Gratifying, the desulfonylation arylation proceed smoothly
when substrate para-phenol sulfone 4a was utilized instead of ortho-phenol sulfone 1a. Treatment of
para-phenol sulfone 4a with (3-chlorophenyl)zinc(Il) bromide at 60 °C gave the desulfonylation
arylation product 5a in 92% yield. Various tosylmethyl phenols 4 with different substituents were
well tolerated in this reaction to afford Sb—d in high yields. Moreover, switching to
phenanthren-9-ylzinc(II) bromide led to the key precursor of anti-breast-cancer agent B in 57% yield
(Scheme 4). The reaction of 2,6-dimethyl-4-(phenyl(tosyl)methyl)phenol 4f and thiophen-2-ylzinc(II)
bromide furnished 5f, an analogue of the anti-tuberculosis agent A, in 76% yield (Scheme 4).

Scheme 4. Synthesis of the Anti-tuberculosis Agent Analogue A and the Key Precursor of the

Anti-breast-cancer Agent B.

MeQ MeQ, MeO MeO
HO HO OCH3 HO OCH3 HO Br
5a, 92% 5b, 74% 5¢, 69% 5d, 61%
MeQ
OMe
Q
O Brzn, O OO
C O e S
e i OO0
O &) Ref [8¢]
HO Q
4a
HO
5e, 57% NMe,

O O anti-breast cancer agent B

HaC S o
Ts . Ban\%y 60°C_ HiC

HO - THF

HO

CH,
4e

CHg
5f, 76%
anti-tuberculosis agent analogue A

In summary, we have realized the first arylation of an ortho-quinone methides (0-QMs) from the
readily available 2-tosylalylphenol with functionalized zinc reagents, providing several types of
unsymmetrical and functionalized triarylmethanes, including those are difficult to access via
transition metal-catalyzed reactions, in good to excellent yields. This strategy can be applied to

prepare the key precursor of the anti-breast-cancer agent B and the analogues of the anti-tuberculosis
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agent A in a straightforward manner. In particular, the alkylation with functionalized alkyl zinc
reagents also successfully lead to the functionalized diaryl compounds. Moreover, the reaction of

Reformatsky enolate gave 1,2-dihydro benzo[f]chromen-3-one derivatives in good yields.

EXPERIMENTAL SECTION

1. General Methods.

The 'H NMR (400 MHz) chemical shifts were reported in parts per million (8) relative to internal
standard TMS (7.26 ppm). The coupling constants, J values are reported in Hertz (Hz). The *C
NMR (100 MHz) chemical shifts were referenced to the internal solvent signals (central peak is 77.0
ppm in CDCl;). High-resolution mass spectra (HRMS) were recorded by ESI ionization. Infrared
spectra (IR) were recorded by an ATR module and absorption bands are given in wavenumbers
(cm™). Melting points were not corrected. All commercial reagents were used without additional
purification and solvents were dried by standard methods when necessary. Petroleum ether refers to
the fraction with boiling point in the range 60—90 °C. All reactions were monitored by TLC with GF
254 silica gel coated plates. Flash column chromatography was carried out using 200—300 mesh
silica gel. The substrates 1''* '* were prepared according to the literature procedure.

2. Procedure and experiment data for triarylmethanes 2

(1) General procedure for the synthesis of triarylmethanes 2

Method A: In a 25 mL Schlenk tube, aryl Grignard reagent in THF (3.0 equiv) was added to a
solution of ZnBr, (1.5 mL, 1.0 M in THEF, 3.0 equiv) at 0 °C under N, atmosphere. After 15 min, the

mixture was treated with substrate 1 (0.5 mmol, 1.0 equiv) at room temperature. After the addition
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was completed, the reaction mixture was stirred at 60 °C for 12 h. Then the mixture was quenched by
adding 5 mL of NH4Cl and extracted with EtOAc (3%x10 mL). The combined organic phase was
washed with H,O (3x10 mL), dried over anhydrous Na,SO,, concentrated in vacuo and purified by
flash silica gel chromatography to afford 2.

Method B: In a 25 mL Schlenk tube, aryl halides (3.0 equiv) in dry THF (2 mL) was added dropwise
n-BuLi (0.6 mL, 3.0 equiv, 2.5 M in hexane) at 0 °C under N, atmosphere. The reaction mixture was
stirred for 1-2 h. Suspension of ZnBr; solution (1.5 mL, 1.0 M in THF, 3.0 equiv) was added, After
15 min at 0°C, the mixture was treated with substrate 1 (0.5 mmol, 1.0 equiv) at room temperature.
After the addition was completed, the reaction mixture was stirred at 60 °C for 12 h. After
completion of the reaction, the mixture was quenched by adding 5 mL of NH4Cl and extracted with
EtOAc (3x10 mL). The combined organic phase was washed with H,O (3x10 mL), dried over
anhydrous Na,SQOy4, concentrated in vacuo and purified by flash silica gel chromatography to afford
2.

Method C: In a 25 mL Schlenk tube, aryl halides in dry THF (2 mL) was added dropwise
isopropylmagnesium chloride (3.0 equiv, 2.5 M in THF, 0.6 mL) at -30°C under N, atmosphere. The
reaction mixture was stirred for 3.5 h. Suspension of ZnBr; solution (1.5 mL, 1.0 M in THF, 3.0
equiv) was added, After 15 min stir at 0 °C, the mixture was treated with substrate 1 (0.5 mmol, 1.0
equiv) at room temperature. After the addition was completed, the reaction mixture was stirred at
60 °C for 12 h. After completion of the reaction, the mixture was quenched by adding 5 mL of
NH4Cl and extracted with EtOAc (3%x10 mL). The combined organic phase was washed with H,O
(310 mL), dried over anhydrous Na,SOj4, concentrated in vacuo and purified by flash silica gel
chromatography to afford 2.

Experiment data

2-((4-methoxyphenyl)(phenyl)methyl)phenol (2a)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
2a (118.9 mg, 91%) as yellow oil; Rf = 0.51 (Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz,
CDCls): 6 7.31 ( t,J =7.2 Hz, 2H), 7.22-7.24 (m, 1H), 7.17-7.12 (m, 3H), 7.05 (d, J =8.4 Hz, 2H),
6.86-6.80 (m, 5H), 5.67 (s, 1H), 4.74 (s, 1H), 3.80 (s, 3H); °C NMR (100 MHz, CDCl3): 5 158.3,
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153.4, 142.7, 134.4, 130.5, 130.4, 130.3, 129.3, 128.5, 127.8, 126.6, 120.7, 116.0, 113.9, 55.2, 50.1;
HRMS (ES"-TOF) calcd for Cy0H90, ([M+H]"): 291.1380, found 291.1375. IR: 3405, 1589, 1507,
1454, 1236, 1180, 1091, 1027, 841, 807, 752.
2-([1,1'-biphenyl]-4-yl(4-methoxyphenyl)methyl)phenol (24)

According to Method A with [1,1'-biphenyl]-4-ylmagnesium bromide (1.5 mmol, 0.66 M in THF, 3.0
equiv), ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5
mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography
provided 2b (164.7 mg, 90%) as white solid; m.p 70-71 °C (Petroleum ether/EtOAc); Rf = 0.64
(Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCls): & 7.62-7.56 (m, 4H), 7.47-7.43 (m,
3H), 7.36-7.26 (m, 1H), 7.24-7.22 (m, 2H), 7.13 (d, J = 8.4 Hz, 2H), 6.91-6.79 (m, 5H), 5.77 (s, 1H),
4.95 (s, 1H), 3.82 (s, 3H); °C NMR (100 MHz, CDCl;): § 158.3, 153.4, 142.0, 140.7, 139.3, 134.5,
130.5, 130.4, 130.3, 129.6, 128.7, 128.3, 127.9, 127.1, 127.0, 126.7, 126.6, 120.7, 116.0, 115.6,
114.0, 55.2, 49.7; HRMS (ES'-TOF) calcd for CasH20,Na([M+Na]"): 389.1512, found 389.1516.
IR: 3416, 1608, 1508, 1486, 1454, 1245, 1177, 1034, 834, 757, 697.

2-((4-(tert-butyl)phenyl) (4-methoxyphenyl)methyl)phenol (2c)

According to Method A with (4-(tert-butyl)phenyl)magnesium bromide (1.5 mmol, 0.65 M in THF,
3.0 equiv), ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a
(0.5 mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column
chromatography provided 2¢ (150.5, 62%) as yellow oil; Rf = 0.73 (Petroleum ether/EtOAc = 3/1);
'H NMR (400 MHz, CDCls): § 7.33-7.31 (m, 2H), 7.16-7.05 (m, 5H), 6.86-6.81 (m, 5H), 5.62 (s,
1H), 4.76 (s, 1H), 3.79 (s, 3H), 1.30 (s, 9H); °C NMR (100 MHz, CDCls): & 158.2, 153.5, 149.4,
139.4, 134.5, 130.7, 130.3, 130.2, 128.8, 127.8, 125.5, 120.7, 116.2, 113.9, 55.2, 49.8, 34.4, 31.3;
HRMS (ES'-TOF) calcd for Cp4H,70, ([M+H]"): 347.2006, found 347.2010. IR: 3425, 1595, 1512,
1454, 1238, 1178, 1088, 1027, 841, 810, 753.

2-(bis(4-methoxyphenyl)methyl)phenol (2d)

According to Method A with (4-methoxyphenyl)magnesium bromide (1.5 mmol, 1.4 M in THF, 3.0
equiv), ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5
mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography
provided 2d (126.4 mg, 79%) as yellow oil; Rf'= 0.54 (Petroleum ether/EtOAc = 3/1); 'H NMR (400
MHz, CDCls): 6 7.17-7.14 (m, 1H), 7.06 (d, J = 8.8 Hz, 4H), 6.88-6.80 (m, 7H), 5.62 (s, 1H), 4.92 (s,
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1H), 3.79 (s, 6H); °C NMR (100 MHz, CDCl3): & 158.2, 153.4, 134.8, 130.8, 130.24, 130.20, 127.8,
120.6, 116.0, 113.9, 55.2, 49.3; HRMS (ES'-TOF) calcd for C,;H0O3Na ([M+Na]"): 343.1305,
found 343.1321. IR: 3418, 1608, 1508, 1454, 1245, 1176, 1033, 833, 755.
2-((4-chlorophenyl)(4-methoxyphenyl)methyl)phenol (2e)

According to Method A with (4-chlorophenyl)magnesium bromide (1.5 mmol, 0.55 M in THF, 3.0
equiv), ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5
mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography
provided 2e (111.8 mg, 69%) as yellow oil; Rf= 0.69 (Petroleum ether/EtOAc = 3/1); 'H NMR (400
MHz, CDClL): § 7.30-7.20 (m, 2H), 7.18-7.14 (m, 2H), 7.07-7.03 (m, 3H), 6.90-6.86 (m, 3H),
6.81-6.78 (m, 2H), 5.72 (s, 1H) 5.00 (s, 1H), 3.81 (s, 3H); °C NMR (100 MHz, CDCly): § 158.3,
153.2, 145.4, 134.3, 133.9, 130.3, 130.2, 130.0, 129.6, 129.3, 128.0, 127.5, 126.6, 120.8, 115.9,
114.0, 55.2, 49.4; HRMS (ES'-TOF) calcd for CaoH;5ClO, ([M+H]"): 325.0990, found 325.0995. IR:
3404, 1592, 1509, 1454, 1246, 1178, 1033, 788.
2-((3-chlorophenyl)(4-methoxyphenyl)methyl)phenol (2f)

According to Method A with (3-methoxyphenyl)magnesium bromide (1.5 mmol, 0.65 M in THF, 3.0
equiv), ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5
mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography
provided 2f (63.2 mg, 39%) as yellow oil; Rf = 0.58 (Petroleum ether/EtOAc = 3/1); "H NMR (400
MHz, CDCls): & 7.23-7.22 (m, 2H), 7.17-7.13 (m, 2H), 7.06-7.02 (m, 3H), 6.89-6.86 (m, 3H),
6.82-6.78 (m, 2H), 5.71 (s, 1H), 4.94 (s, 1H), 3.80 (s, 3H); °C NMR (100 MHz, CDCl;): & 158.2,
153.2, 141.7, 134.3, 132.1, 130.6, 130.3, 130.2, 129.4, 128.7, 128.5, 127.9, 127.8, 120.7, 116.6,
115.8, 114.0, 113.9, 55.2, 49.0; HRMS (ES'-TOF) calcd for C,H;;C10,Na([M+Na]"): 347.0809,
found 347.0817. IR: 3396, 1608, 1509, 1454, 1245, 1178, 1089, 1014, 831, 755.
2-((4-methoxyphenyl)(o-tolyl)methyl)phenol (2g)

According to Method A with o-tolylmagnesium bromide (1.5 mmol, 0.76 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
2g (91.2 mg, 60%) as yellow oil; Rf = 0.71 (Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz,
CDCl3): 6 7.20-7.17 (m, 4H), 7.04-7.02 (m, 2H), 6.87-6.85 (m, 4H), 6.82-6.79 (m, 1H), 6.75-6.73 (m,
1H), 5.78 (s, 1H), 4.86 (s, 1H), 3.81 (s, 3H), 2.24 (s, 3H); °C NMR (100 MHz, CDCLy): § 158.2,
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153.4, 141.2, 136.8, 133.9, 130.6, 130.5, 130.2, 130.1, 128.8, 127.7, 126.7, 125.9, 120.7, 115.9,
113.9, 55.2, 46.7, 19.6; HRMS (ES'-TOF) calcd for C,;HyO,Na([M+Na]"): 327.1356, found
327.1357. 1R: 3415, 1608, 1509, 1454, 1245, 1178, 1034, 836, 751.
2-((4-methoxyphenyl)(m-tolyl)methyl)phenol (2h)

According to Method A with m-tolylmagnesium bromide (1.5 mmol, 0.53 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
2h (123.2 mg, 81%) as yellow oil; Rf = 0.70 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz,
CDCl3): 6 7.25-7.15 (m, 2H), 7.10-7.08 (m, 3H), 7.01 (s, 1H), 6.97-6.81 (m, 6H), 5.68 (s, 1H), 4.95
(s, 1H), 3.82 (s, 3H), 2.33 (s, 3H); °C NMR (100 MHz, CDCl;): 5 158.2, 153.4, 142.7, 138.1, 134.5,
130.6, 130.4, 130.3, 130.0, 128.4, 127.8, 127.4, 126.3, 120.6, 116.0, 113.9, 55.2, 50.0, 21.4; HRMS
(ES'-TOF) calcd for Cy;Hy0,Na ([M+Na]"): 305.1536, found 305.1529. IR: 3426, 1610, 1516, 1454,
1255, 1172, 1036, 840, 752.

2-((4-methoxyphenyl)(p-tolyl)methyl)phenol (2i)

According to Method A with p-tolylmagnesium bromide (1.5 mmol, 0.85 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
2i (127.7 mg, 84%) as yellow solid; m.p. 121-122°C (Petroleum ether/EtOAc); Rf = 0.65 (Petroleum
ether/EtOAc = 3/1); "H NMR (400 MHz, CDCls): § 7.13-7.07 ( m, 3H), 7.14-7.09 (m, 4H), 6.99-6.92
(m, 4H), 6.83 (d, J =7.6 Hz, 1H), 5.72 (s, 1H), 5.08 (s, 1H), 3.83 (s, 3H), 2.40 (s, 3H); >C NMR (100
MHz, CDCl;): 6 158.1, 153.4, 139.8, 136.1, 134.7, 130.7, 130.3, 130.2, 129.2, 129.1, 127.7, 120.6,
116.0, 113.9, 55.2, 49.6, 21.0; HRMS (ES'-TOF) calcd for CyHy 0, ((M+H]"): 305.1536, found
305.1539. IR: 3405, 1589, 1507, 1454, 1236, 1180, 1091, 1027, 841, 807, 752.
4-chloro-2-((4-methoxyphenyl)(phenyl)methyl)phenol (2j)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 4-chloro-2-((4-methoxyphenyl)(tosyl)methyl)phenol 1b
(0.5 mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column
chromatography provided 2j (123.3 mg, 76%) as yellow oil; Rf'= 0.51 (Petroleum ether/EtOAc =
3/1); '"H NMR (400 MHz, CDCl3): § 7.33 (t, J = 8.4 Hz, 2H), 7.27-7.28 (m, 1H), 7.13-7.08 (m, 3H),
7.05 (d, J = 8.4 Hz, 2H), 6.88-6.85 (m, 2H), 6.78 (d, J = 2.0 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 5.63
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(s, 1H), 5.05 (s, 1H), 3.80 (s, 3H); C NMR (100 MHz, CDCl;): 5 158.4, 152.1, 142.0, 133.7, 132.5,
130.2, 130.0, 129.1, 128.7, 127.7, 126.8, 125.6, 117.3, 114.1, 55.2, 50.0; HRMS (ES"-TOF) calcd for
CH7,ClO,Na([M+Na]"): 347.0809, found 347.0802. IR: 3404, 1608, 1509, 1412, 1247, 1177, 1109,
1031, 806, 700, 650.

2-((4-fluorophenyl)(phenyl)methyl)phenol (2k)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-fluorophenyl)(tosyl)methyl)phenol 1¢ (0.5 mmol, 1.0
equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided 2k
(105.7 mg, 76%) as white solid; m.p. 75-76 °C (Petroleum ether/EtOAc); Rf = 0.74 (Petroleum
ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCly): § 7.35-7.25 (m, 3H), 7.19-7.09 (m, 5H), 7.00 (t, J
= 8.6 Hz, 2H), 6.90-6.86 (m, 1H), 6.80 (d, J = 8.4 Hz, 2H), 5.77(s, 1H), 4.78 (s, 1H); >C NMR (100
MHz, CDCls): 6 162.7, 160.3, 153.2, 142.5, 138.4, 138.3, 130.8 (d, /= 7.3 Hz), 130.4, 130.2, 129.2,
129.1, 128.6, 128.5, 128.0, 126.7, 120.8, 115.9, 115.4, 115.1, 49.8; HRMS (ES"-TOF) calcd for
C1oH;sFONa ([M+Na]"): 301.0999, found 301.0992. IR: 3524, 1604, 1505, 1452, 1329, 1222, 1156,
1087, 837, 748, 700.

2-((4-chlorophenyl)(phenyl)methyl)phenol (21)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-chlorophenyl)(tosyl)methyl)phenol 1d (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
21 (154.7 mg, 95%) as yellow oil; Rf = 0.62 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz,
CDCl3): 8 7.34-7.26 (m, 5H), 7.17-7.06 (m, 5H), 6.89-6.85 (m, 1H), 6.79 (d, J = 8.8 Hz, 2H) 5.75 (s,
1H), 4.81 (s, 1H); *C NMR (100 MHz, CDCl3): & 153.2, 142.2, 141.4, 132.3, 130.7, 130.4, 129.9,
129.3, 128.6, 128.5, 128.0, 126.7, 120.8, 115.9, 44.9; HRMS (ES'-TOF) caled for Ci9H;sClO
([M+H]"): 295.0884, found 295.0891. IR: 3416, 1597, 1488, 1453, 1234, 1089, 1014, 754, 700.
2-(phenyl(thiophen-2-yl)methyl)phenol (2m)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-(thiophen-2-yl(tosyl)methyl)phenol 1e (0.5 mmol, 1.0
equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided 2m
(93.1 mg, 70%) as yellow solid; m.p. 77-78 °C (Petroleum ether/EtOAc); Rf = 0.28 (Petroleum
ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCls): 87.37-7.34 (m, 2H), 7.31-7.27 (m, 4H), 7.19-7.17
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(m, 1H), 7.02-6.98 (m, 2H), 6.91 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.76 (d, J = 2.4 Hz,
1H), 5.98 (s, 1H), 4.85 (s, 1H); °C NMR (100 MHz, CDCls): § 153.1, 146.6, 142.6, 130.3, 129.8,
128.7, 128.5, 128.1, 126.9, 126.7, 126.5, 124.8, 120.8, 116.0, 45.9; HRMS (ES'-TOF) calcd for
C7H140SNa ([M+Na]"): 289.0658, found 289.0663. IR: 3507, 1594, 1497, 1452, 1325, 1273, 1183,
1086, 757, 700.

1-((4-methoxyphenyl)(o-tolyl)methyl)naphthalen-2-ol (2n)

According to Method A with o-tolylmagnesium bromide (1.5 mmol, 0.76 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f
(0.5 mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column
chromatography provided 2n (175.2 mg, 99%) as yellow oil; Rf' = 0.61 (Petroleum ether/EtOAc =
3/1); '"H NMR (400 MHz, CDCls): & 7.85 (d, J = 8.8 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.72 (d, J =
8.4 Hz, 1H), 7.40 (t, J= 7.8 Hz, 1H), 7.31 (t, J = 14.4 Hz, 1H), 7.25-7.19 (m, 2H), 7.15-7.09 (m, 3H),
7.05-6.99 (m, 2H), 6.86 (d, J = 8.4 Hz, 2H), 6.30 (s, 1H), 5.38 (s, 1H), 3.79 (s, 3H), 2.19 (s, 3H); °C
NMR (100 MHz, CDCL): & 158.7, 153.4, 140.2, 137.3 , 133.2, 133.0, 131.1, 130.0, 129.6, 129.5,
128.7, 128.5, 127.4, 126.9, 123.1, 122.5, 119.8, 118.9, 114.7, 55.2, 46.1, 19.7; HRMS (ES'-TOF)
caled for CasHpO, ([M+H]Y): 355.1693, found 355.1682. IR: 3475, 1621, 1508, 1250, 1176, 1032,
815, 744.

1-((4-methoxyphenyl)(phenyl)methyl)naphthalen-2-o0l (20)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f
(0.5 mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column
chromatography provided 20 (139.4 mg, 82%) as yellow oil; Rf = 0.72 (Petroleum ether/EtOAc
=3/1); "H NMR (400 MHz, CDCl;): 5 8.07 (d, J = 8.4 Hz, 1H), 7.85 (d, J= 8.4 Hz 1H), 7.80 (d, J =
8.4 Hz, 1H), 7.47 (t, J= 7.6 Hz, 1H), 7.41-7.32 (m, 6H), 7.26-7.23 (m, 2H), 7.15 (d, J = 8.8 Hz, 1H),
6.93 (d, J = 8.4 Hz, 2H), 6.44 (s, 1H), 5.45 (s, 1H), 3.81 (s, 3H) ; °C NMR (100 MHz, CDCls): &
158.6, 152.7, 141.9, 133.34, 133.30, 130.0, 129.5, 129.0, 128.9, 128.6, 127.0, 126.7, 123.1, 122.8,
120.2, 119.7, 115.2, 114.4, 55.1, 47.7; HRMS (ES'-TOF) calcd for Cy4H20,Na([M+Na]"): 363.1356,
found 363.1342. IR: 3473, 1621, 1508, 1249, 1177, 1031, 812, 700.
1-({1,1'-biphenyl]-4-yl(4-methoxyphenyl)methyl)naphthalen-2-ol (2p)

According to Method A with [1,1'-biphenyl]-4-ylmagnesium bromide (1.5 mmol, 0.66 M in THF, 3.0
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equiv), ZnBr, (1.5 mL, 1.0 M n THEF, 3.0 equiv),
1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f (0.5 mmol, 1.0 equiv) in 2 mL of THF at 60
°C for 12 h. Purification by flash column chromatography provided 2p (199.7 mg, 96%) as yellow
solid; m.p. 68-69°C (Petroleum ether/EtOAc); Rf = 0.57 (Petroleum ether/EtOAc = 3/1); 'H NMR
(400 MHz, CDCls): 6 8.07 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H),
7.63-7.60 (m, 4H), 7.44-7.41 (m, 3H), 7.40-7.37 (m, 4H), 7.21 (d, J = 8.8 Hz, 2H), 7.10 (d, J = 8.8
Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.40 (s, 1H), 5.33 (s, 1H), 3.80 (s, 3H); °C NMR (100 MHz,
CDCl3): 6 158.7, 152.8, 140.8, 140.5, 139.9, 133.33, 133.29, 130.0, 129.65, 129.6, 129.4, 128.7,
127.7, 127.3, 127.0, 126.8, 123.2, 122.7, 120.1, 119.8, 115.4, 114.6, 55.3, 47.5; HRMS (ES"-TOF)
caled for C3oHp4O,Na([M+Na]"): 439.1669, found 439.1670. IR: 3470, 1599, 1508, 1487, 1247,
1178, 833, 757, 697.

1-(bis(4-methoxyphenyl)methyl)naphthalen-2-ol (2q)

According to Method A with (4-methoxyphenyl)magnesium bromide (1.5 mmol, 1.40 M in THF, 3.0
equiv), ZnBr; (1.5 mL, 1.0 M in THEF, 3.0 equiv),
1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f (0.5 mmol, 1.0 equiv) in 2 mL of THF at 60
°C for 12 h. Purification by flash column chromatography provided 2¢ (177.6 mg, 96%) as yellow
solid; m.p. 94-95 °C (Petroleum ether/EtOAc); Rf = 0.63 (Petroleum ether/EtOAc = 3/1); '"H NMR
(400 MHz, CDCls): 6 8.00 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H),
7.43 (t,J="7.8 Hz, 1H), 7.33 (d, /= 7.4 Hz, 1H), 7.18 (d, J = 8.8 Hz, 4H), 7.09 (d, J = 8.8 Hz, 1H),
6.88 (d, J = 8.8 Hz, 4H), 6.31 (s, 1H), 5.39 (s, 1H), 3.79 (s, 6H); >°C NMR (100 MHz, CDCls): &
158.6, 152.7, 133.6, 133.3, 129.9, 129.5, 128.7, 123.1, 122.7, 120.3, 119.8, 115.9, 114.5, 55.2,46.9;
HRMS (ES'-TOF) calcd for C,sH,305 ([M+H]"): 371.1642, found 371.1634. IR: 3420, 1604, 1508,
1438, 1246, 1176, 1034, 810, 751.
1-((4-methoxyphenyl)(5-methylthiophen-2-yl)methyl)naphthalen-2-ol (2r)

According to Method B: In a 25 mL Schlenk tube, 2,5-dimethylthiophene (1.5 mmol, 3.0 equiv) in
dry THF (2 mL) was added dropwise n-BuLi (0.6 mL, 3.0 equiv, 2.5 M in hexane) at 0 °C under N,
atmosphere. The reaction mixture was stirred for 1 h. Suspension of ZnBr; solution (1.5 mL, 1.0 M
in THF, 3.0 equiv) was added, After 15 min stir at 0°C, the mixture was treated with substrate 1f (0.5
mmol, 1.0 equiv) at room temperature. After the addition was completed, the reaction mixture was

stirred at 60 °C for 12 h. Purification by flash column chromatography provided 2r (160.2 mg, 89%)
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as yellow solid; m.p. 129-130 °C (Petroleum ether/EtOAc); Rf = 0.65 (Petroleum ether/EtOAc = 3/1);
'H NMR (400 MHz, CDCl3): & 7.98 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.74 (d, J = 8.8 Hz,
1H),7.44 (t, J = 7.6 Hz, 1H), 7.35-7.28 (m, 3H), 7.11 (d, J = 8.4 Hz, 1H), 6.87 (d, J = 8.8 Hz, 2H),
6.60 (s, 2H), 6.41 (s, 1H), 5.77 (s, 1H), 3.79 (s, 3H), 2.43 (s, 3H); °C NMR (100 MHz, CDCl): &
158.7, 152.9, 143.9, 140.7, 133.0, 132.7, 129.7, 129.5, 129.4, 128.7, 126.8, 126.78, 124.8, 123.2,
122.4, 119.8, 119.7, 114.3, 55.2, 43.3, 15.4; HRMS (ES'-TOF) calcd for Cy3H,0,S (IM+H]"):
361.1257, found 361.1224. IR: 3450, 1600, 1510, 1463, 1249, 1177, 1033, 812, 739.
1-((9-ethyl-9H-carbazol-3-yl) (4-methoxyphenyl)methyl)naphthalen-2-o0l (2s)

According to Method B: In a 25 ml Schlenk tube, 2-Bromoindazole (1.5 mmol, 3.0 equiv) in dry
THF (2 mL) was added dropwise n-BuLi (0.6 mL, 3.0 equiv, 2.5 M in hexane) at -78 °C under N,
atmosphere. The reaction mixture was stirred for 2 h. Suspension of ZnBr; solution (1.5 mL, 1.0 M
in THEF, 3.0 equiv) was added, After 15 min stir at 0°C, the mixture was treated with substrate 1f (0.5
mmol, 1.0 equiv) at room temperature. After the addition was completed, the reaction mixture was
stirred at 60 °C for 12 h. Purification by flash column chromatography provided 2s (125.7 mg, 55%)
as brown solid; m.p. 81-82 °C (Petroleum ether/EtOAc); Rf = 0.55 (Petroleum ether/EtOAc = 3/1);
'H NMR (400 MHz, CDCls): & 8.09 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.93 (s, 1H), 7.80
(d, J= 8.0 Hz, 1H), 7.76 (d, J = 9.2 Hz, 1H), 7.46-7.38 (m, 3H), 7.37-7.31 (m, 3H), 7.26-7.23 (m,
3H), 7.18 (t, J= 7.2 Hz, 1H), 7.10 (d, J = 8.8 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 6.55 (s, 1H), 5.49 (s,
1H), 4.35 (q, J = 7.2 Hz, 2H), 3.81 (s, 3H), 1.43 (t, J = 7.0 Hz, 3H); >C NMR (100 MHz, CDCl;): &
158.6, 153.0, 140.3, 139.0, 133.9 133.4, 132.0, 130.2, 129.5, 128.7, 126.8, 126.5, 125.9, 123.4, 123.1,
122.7,122.5, 120.63, 120.60, 120.5, 120.0, 118.8, 114.5, 109.2, 108.5, 55.2, 47.9, 37.6, 13.8; HRMS
(ES'-TOF) calcd for C3,H»NO,Na ([M+Na]"):480.1934, found 480.1932. IR: 3458, 1600, 1508,
1469, 1384, 1331, 1249, 1177, 1032, 814, 746.

1-(furan-2-yl(phenyl)methyl)naphthalen-2-ol (2t)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 1-(furan-2-yl(tosyl)methyl)naphthalen-2-ol 1g (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
2t (132.0 mg , 88%) ; as brown oil; (Petroleum ether/EtOAc); Rf = 0.63 (Petroleum ether/EtOAc =
3/1); '"H NMR (400 MHz, CDCls): & 7.94 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.72 (d, J =
9.2 Hz, 1H), 7.43-7.39 (m, 2H), 7.33-7.28 (m, 4H), 7.24-7.21 (m, 3H), 7.09 (d, J = 8.8 Hz, 1H), 6.40
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(s, 1H), 6.33-6.32 (m, 1H), 6.09 (d, J = 3.2 Hz, 1H); >C NMR (100 MHz, CDCl5): & 155.3, 152.8,
142.7, 139.9, 133.0, 129.8, 129.5, 128.9, 128.7, 128.1, 127.2, 126.8, 123.1, 122.6, 119.4, 117.7,
110.4, 108.9, 42.1; HRMS (ES'-TOF) caled for Co1H170, ((M+H]"): 301.1223, found 301.1211. IR:
3499, 1621, 1491, 1432, 1256, 1034, 964, 810, 752, 696.
1-(phenyl(thiophen-2-yl)methyl)naphthalen-2-ol (2u)

According to Method A with phenylmagnesium bromide (1.5 mmol, 1.74 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 1-(thiophen-2-yl(tosyl)methyl)naphthalen-2-ol 1h (0.5
mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography
provided 2u (156.4 mg , 99%) ; as brown oil; (Petroleum ether/EtOAc); Rf = 0.62 (Petroleum
ether/EtOAc = 3/1); "H NMR (400 MHz, CDCl5): & 8.02 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H),
7.76 (d, J=9.2 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 7.39-7.33 (m, 5H), 7.31-7.29 (m, 2H), 7.11 (d, J =
8.8 Hz, 1H), 6.98-6.96 (m, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.58 (s, 1H), 5.51 (s, 1H); >C NMR (100
MHz, CDCl;): 6 152.8, 145.9, 141.4, 132.8, 129.9, 129.5, 129.0, 128.8, 128.4, 127.4, 127.0, 126.9,
126.8, 126.0, 123.3, 122.5, 119.9, 119.8, 43.9; HRMS (ES'-TOF) calcd for C;;H;s0SNa ([M+Na]"):
339.0814, found 339.0815. IR: 3496, 1623, 1491, 1434, 1253, 1034, 964, 803, 755, 710.
2-((2-hydroxynaphthalen-1-yl)(thiophen-2-yl)methyl)benzonitrile (2v)

According to Method C with 2-iodobenzonitrile(1.5 mmol, 3.0 equiv), isopropylmagnesium chloride
(0.82 M in THF, 3.0 equiv), ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv),
1-(thiophen-2-yl(tosyl)methyl)naphthalen-2-ol 1h in 2mL of THF at 60 °C for 12 h. Purification by
flash column chromatography provided 2v (80.2 mg, 47%); as yellow solid; m.p. 212-213°C
(Petroleum ether/EtOAc); Rf = 0.30 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCL3): &
7.89 (d, J = 8.4 Hz, 1H), 7.79 (t, J = 6.4 Hz, 2H), 7.73 (d, J = 7.2 Hz, 1H), 7.54-7.43 (m, 3H),
7.41-7.33 (m, 3H), 7.10 (d, J = 8.8 Hz, 1H), 6.99-6.97 (m, 1H), 6.89 (s, 1H), 6.68 (d, J = 3.6 Hz, 1H),
5.67 (s, 1H); ?C NMR (100 MHz, CDCly): § 153.3, 145.4, 144.7, 133.4, 133.3, 132.6, 130.6, 129.6,
129.5, 128.9, 127.8, 127.3, 127.0, 123.6, 122.3, 119.6, 118.2, 117.4, 113.0, 42.8; HRMS (ES'-TOF)
caled for Co,H sNOS ([M+H]"): 342.0947, found 342.0956. IR: 3403, 2225, 1626, 1515, 1438, 1284,
968, 812, 766, 744, 697.

1-((4-bromophenyl)(thiophen-2-yl)methyl)naphthalen-2-ol (2w)

According to Method C with 1-bromo-4-iodobenzene (1.5 mmol, 3.0 equiv), isopropylmagnesium

chloride (0.82 M in THF, 3.0 equiv), ZnBr, (1.5 mL, 1.0 M in THEF, 3.0 equiv),
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1-(thiophen-2-yl(tosyl)methyl)naphthalen-2-ol 1h in 2 mL of THF at 60 °C for 12 h. Purification by
flash column chromatography provided 2w (143.8 mg, 73%); as yellow solid; m.p. 112-113°C
(Petroleum ether/EtOAc); Rf = 0.65 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCls): &
7.94 (d, J = 8.8 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 4.49-7.44 (m, 3H),
7.39-7.33 (m, 2H), 7.29-7.28 (m, 2H), 7.14-7.11 (d, J = 8.8 Hz, 1H), 6.99 (t, J = 4.4 Hz, 1H),
6.86-6.85 (m, 1H), 6.55 (s, 1H), 5.46 (s, 1H); °C NMR (100 MHz, CDCl3): § 152.6, 145.6, 140.5,
132.6, 132.0, 130.2, 130.1, 129.6, 128.9, 127.0, 126.9, 126.3, 123.4, 122.5, 121.2, 119.6, 119.4, 43.3;
HRMS (ES'-TOF) calcd for C;HBrOS ([M+H]"): 395.0100, found 395.0090. IR: 3532, 1622,
1508, 1486, 1260, 1010, 819, 751, 702.

2-((4-methoxyphenyl)(phenanthren-9-yl)methyl)phenol (2x)

According to Method A withphenanthren-9-ylmagnesium bromide (3.7 mL, 0.41 M in THEF, 3.0
equiv), ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a in 2
mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided 2x (193.1 mg,
99%); as white solid; m.p.85-86 °C (Petroleum ether/EtOAc); Rf = 0.68 (Petroleum ether/EtOAc =
3/1); 'H NMR (400 MHz, CDCl;): 88.74 (d, J = 8.0 Hz, 1H), 8.67 (d, J = 8.0 Hz, 1H), 8.03 (d, J =
8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.64-7.61 (m, 2H), 7.53 (q, J = 8.1 Hz, 2H), 7.23 (s, 1H),
7.20-7.13 (s, 3H), 6.88-6.85 (m, 3H), 6.83-6.82 (m, 2H) 6.39 (s, 1H), 4.81 (s, 1H), 3.81 (s, 3H); °C
NMR (100 MHz, CDCl;): 6 158.4, 153.1, 137.3, 134.0, 131.4, 131.0, 130.9, 130.6, 130.2, 129.9,
128.7, 128.0, 127.9, 126.8, 126.6, 126.5, 126.3, 125.1, 123.0, 122,4, 120.9, 116.1, 114.1, 55.2, 46.5;
HRMS (ES'-TOF) calcd for CasHp;0, ([M+H]"):391.1693, found. 391.1685. IR: 3419, 1607, 1508,
1454, 1245, 1177, 1090, 1033, 748.

3. Synthesis of diarylmethanes 3 from 1

Method A: In a 25 ml Schlenk tube, alkyl Grignard reagent (3.0 equiv) was added to a solution of
ZnBr; (1.5 mL, 1.0 M, 3.0 equiv) at 0 °C under N, atmosphere. After 15 min stir, the mixture was
treated with substrate 1 (0.5 mmol, 1.0 equiv) at room temperature. After the addition was completed,
the reaction mixture was stirred at 60°C for 12 h. After completion of the reaction, the mixture was
quenched by adding 5 mL of NH4Cl and extracted with EtOAc (310 mL). The combined organic
phase was washed with H;O (3x10 mL), dried over anhydrous Na,SO4, concentrated in vacuo and
purified with flash silica gel chromatography to afford 3.

Method D: Zinc powder (156 mg, 2.4 mmol, 1.2 equiv) was suspended in anhydrous THF (3 mL)
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under Nj, and then 1,2-dibromoethane (22 pL, 0.3 mmol, 15 mol%) was added. The mixture was
heated at 65 °C for 10 min. After the mixture was cooled to room temperature, TMSCI (13 uL, 0.1
mmol, 5 mol%) was added, and the mixture was stirred for another 15 min before a solution of
Halogenated hydrocarbons (2 mmol, 1.0 equiv) in anhydrous THF (5 mL) was added dropwise. The
resulting mixture was stirred for 24 h at 40 °C. In another 25 mL Schlenk tube, substrate 1 (0.5 mmol,
1.0 equiv) was dissolved in 2 mL of dry THF under N, atmosphere. Then formed RZnX (2 mmol, 4.0
equiv) were added to this mixture was heated at 60 °C for 12 h.. After completion of the reaction, the
mixture was quenched by adding 5 mL of NH4CI and extracted with EtOAc (3x10 mL). The
combined organic phase was washed with H,O (3x10 mL), dried over anhydrous Na,SOs,
concentrated in vacuo and purified with flash silica gel chromatography to afford 3.
2-(1-(4-methoxyphenyl)propyl)phenol (3a)

According to Method A with ethylmagnesium bromide (1.5 mmol, 0.69 M in THF, 3.0 equiv), ZnBr,
(1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol, 1.0
equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided 3a
(94.4 mg, 78%) as colorless oil; (Petroleum ether/EtOAc); Rf'= 0.75 (Petroleum ether/EtOAc = 3/1);
'H NMR (400 MHz, CDCl3): § 7.28 (d, J = 7.6 Hz, 1H), 7.19 (d, J = 8.4 Hz, 2H), 7.13-7.08 (m, 1H),
6.97-6.93 (m, 1H), 6.86 (d, /= 11.6 Hz, 2H), 6.74 (d, J = 8.0 Hz, 1H), 4.88 (s, 1H), 4.04 (t, J=15.2
Hz, 1H), 3.79 (s, 3H), 2.14-1.73 (m, 2H), 0.94 (t, J = 14.8 Hz, 3H); °C NMR (100 MHz, CDCls): &
158.0, 153.4, 136.1, 131.2, 129.0, 127.8, 127.2, 120.7, 115.9, 113.9, 55.2, 45.3, 27.7, 12.6; HRMS
(ES'-TOF) calcd for CsH;30,Na([M+Na]"): 265.1199, found 265.1199. IR: 3403, 1600, 1514, 1462,
1383, 1232, 1126, 1023, 833, 752.

2-(1-(4-methoxyphenyl)-2-methylpropyl)phenol (3b)

According to Method A with isopropylmagnesium bromide (1.5 mmol, 0.82 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
3b (74.3 mg, 58%); as red solid; m.p. 103-104 °C (Petroleum ether/EtOAc); Rf = 0.75 (Petroleum
ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCl3): § 7.34 (d, J = 7.6 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H),
7..03 (t,J=7.6 Hz, 1H), 6.92 (t, /= 7.4 Hz, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 8.0 Hz, 1H),
4.72 (s, 1H), 3.79 (s, 1H), 3.76 (s, 3H), 2.51-2.45 (m, 1H), 0.94 (d, J =6.4 Hz, 3H), 0.87 (d, J =6.4
Hz, 3H); °C NMR (100 MHz, CDCL): & 157.8, 153.3, 136.1, 131.2, 129.3, 129.2, 127.9, 126.8,
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120.9, 128.0, 115.9, 113.7, 55.2, 51.4, 31.1, 21.7; HRMS (ES'-TOF) calcd for C;7H, 0, ((M+H]"):
257.1536, found 257.1552. IR: 3403, 1608, 1510, 1462, 1383, 1233, 1129, 1023, 833, 753.
2-(1-(4-methoxyphenyl)-2,2-dimethylpropyl)phenol (3c)

According to Method A with fert-butylmagnesium bromide (1.5 mmol, 0.99 M in THF, 3.0 equiv),
ZnBr;, (1.5 mL, 1.0 M in THF, 3.0 equiv), 2-((4-methoxyphenyl)(tosyl)methyl)phenol 1a (0.5 mmol,
1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography provided
3¢ (43.2 mg, 32%); as red oil; (Petroleum ether/EtOAc); Rf = 0.71 (Petroleum ether/EtOAc = 3/1);
'H NMR (400 MHz, CDCl3): § 7.63 (d, J = 7.6 Hz, 1H), 7.21 (d, J = 8.8 Hz, 2H), 7.04 (t, J = 7.6 Hz,
1H), 6.90 (t, /= 7.2 Hz, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 8.8 Hz, 1H), 4.77 (s, 1H), 4.27 (s,
1H), 3.77 (s, 3H), 1.07 (s, 9H); °C NMR (100 MHz, CDCLy): § 157.8, 153.4, 134.8, 131.2, 130.4,
129.8, 126.7, 120.3, 115.8, 113.3, 55.1, 52.3, 35.2, 29.2; HRMS (ES'-TOF) calcd for CigH»30;
([M+H]"): 271.1693, found 271.1701. IR: 3403, 1610, 1510, 1454, 1380, 1233, 1126, 1023, 831,
750.

1-(1-(4-methoxyphenyl)propyl)naphthalen-2-ol (3d)

According to Method A with ethylmagnesium bromide (1.5 mmol, 0.69 M in THF, 3.0 equiv), ZnBr,
(1.5 mL, 1.0 M in THF, 3.0 equiv), 1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f (0.5
mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column chromatography
provided 3d (129.9 mg, 89%) as yellow solid; m.p. 65-66°C (Petroleum ether/EtOAc); Rf = 0.62
(Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCl;): 6 8.10 (d, /= 8.0 Hz, 1H), 7.80 (d, J =
8.0 Hz, 1H),7.68 (d, J= 8.8 Hz, 1H), 7.47 (t,J = 7.6 Hz, 1H), 7.36-7.29 (m, 3H), 7.01 (d, J = 8.8 Hz,
1H), 6.86 (d, J = 8.4 Hz, 2H), 5.04-5.02 (m, 1H), 4.93-4.89 (m, 1H), 3.78 (s, 3H), 2.47-2.39 (m, 1H),
2.28-2.21 (m, 1H), 0.91 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl;): & 158.2, 151.8, 148.1,
134.9, 133.8, 129.6, 128.8, 128.7, 128.5, 126.4, 123.0, 122.5, 119.3, 114.3, 55.2, 41.3, 24.6, 12.7;
HRMS (ES'-TOF) calcd for CyHa0,Na([M+Na]"): 315.1356, found 315.1376. IR: 3398, 1622,
1510, 1465, 1250, 1181, 1030, 801, 748.

1-(1-(4-methoxyphenyl)-2-methylpropyl)naphthalen-2-ol (3e)

According to Method A with isopropylmagnesium bromide (1.5 mmol, 0.82 M in THF, 3.0 equiv),
ZnBr; (1.5 mL, 1.0 M in THF, 3.0 equiv), 1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f
(0.5 mmol, 1.0 equiv) in 2 mL of THF at 60 °C for 12 h. Purification by flash column

chromatography provided 3e (79.6 mg, 52%) as yellow solid; m.p. 123-124 °C (Petroleum
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ether/EtOAc); Rf = 0.64 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCls): 6 8.30 (d, J =
8.4 Hz, 1H), 7.77 (d, J= 8.0 Hz, 1H), 7.62 (d, J = 8.8 Hz, 1H), 7.53-7.49 (m, 1H), 7.43 (d, /= 8.8 Hz,
2H), 7.34 (t, J=7.4 Hz, 1H), 6.95 (d, J = 8.8 Hz, 1H), 6.83 (d, J = 8.8 Hz, 2H), 5.22 (s, 1H), 4.58 (d,
J=10.4 Hz, 1H), 3.75 (s, 3H), 3.11-3.06 (m, 1H), 1.18 (d, J = 6.4 Hz, 3H), 0.80 (d, J = 6.4 Hz, 3H);
C NMR (100 MHz, CDCly): § 157.7, 151.1, 135.0, 133.9, 129.6, 129.4, 128.8, 128.4, 126.4, 123 .4,
123.2, 122.9, 119.0, 113.8, 55.1, 49.0, 28.6, 23.0, 21.5; HRMS (ES'-TOF) caled for CiHa0;
([M+H]"): 307.1693, found 307.1690. IR: 3412, 1621, 1509, 1432, 1263, 1179, 1025, 810, 740, 525.
5-(2-hydroxynaphthalen-1-yl)-5-(4-methoxyphenyl)pentyl acetate (3f)

According to Method D with (5-methoxy-5-oxopentyl)zinc(Il) iodide (2 mmol, 4.0 equiv),
1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f (0.5 mmol, 1.0 equiv), 2 mL of THF at 60 °C
for 12 h. Purification by flash column chromatography provided 3f (128.6 mg, 68%) as yellow oil;
(Petroleum ether/EtOAc); Rf = 0.41 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCL3): &
8.05 (s, 1H), 7.78 (d, /= 8.0 Hz, 1H), 7.66 (d, J = 8.8 Hz, 1H), 7.44 (s, 1H), 7.35-7.28 (m, 3H), 7.02
(d, /=8.8 Hz, 1H), 6.83 (d, J= 8.4 Hz, 2H), 5.38 (s, 1H), 4.99 (t, /= 7.4 Hz, 1H), 3.98 (t, /= 6.8 Hz,
1H), 3.77 (m, 3H) , 2.41-2.31 (m, 2H), 1.97 (s, 3H), 1.72-1.60 (m, 2H), 1.43-1.41 (m, 1H), 1.28-1.22
(m, 1H); *C NMR (100 MHz, CDCl3): & 171.2, 158.0, 151.8, 135.2, 133.6, 129.6, 128.8, 128.6,
128.4, 126.4, 123.1, 122.9, 122.5, 119.0, 114.1, 64.4, 55.2, 39.8, 31.4, 28.7, 24.4, 20.9; HRMS
(ES"-TOF) calcd for Cp4Hys04Na([M+Na]"): 401.1723, found 401.1724. IR: 3445, 1733, 1610, 1512,
1241, 1177, 1030, 813, 750.

ethyl 6-(2-hydroxynaphthalen-1-yl)-6-(4-methoxyphenyl)hexanoate (3g)

According to Method D with (5-ethoxy-5-oxopentyl)zinc(Il) iodide (2 mmol, 4.0 equiv),
1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol 1f (0.5 mmol, 1.0 equiv), 2 mL of THF at 60 °C
for 12 h. Purification by flash column chromatography provided 3g (117.6 mg, 60%) as yellow oil;
(Petroleum ether/EtOAc); Rf'= 0.46 (Petroleum ether/EtOAc = 20/1); "H NMR (400 MHz, CDCL;): &
8.05 (s, 1H), 7.77 (d, J= 8.0 Hz, 1H), 7.66 (d, J = 8.8 Hz, 1H), 7.44 (s, 1H), 7.34-7.27 (m, 3H), 7.01
(d, J=8.8 Hz, 1H), 6.83 (d, J = 8.8 Hz, 2H), 5.19 (s, 1H), 4.99-4.96 (m, 1H), 4.05 (q, J = 7.2 Hz,
2H), 3.77 (s, 3H), 2.37-2.19 (m, 4H); 1.70-1.60 (m, 4H), 1.18 (t, J = 7.2 Hz, 3H); °C NMR (100
MHz, CDCl): 6 174.0, 158.0, 151.8, 133.5, 129.6, 128.8, 128.6, 128.4, 126.3, 122.9, 122.6, 119.1,
114.1, 60.2, 55.2, 39.7, 34.2, 31.5, 27.6, 25.2, 14.1; HRMS (ES'-TOF) calcd for CasH3O4Na
([M+Na]"): 415.1880, found 415.1882. IR: 3445, 1731, 1625, 1510, 1247, 1179, 1033, 813, 747.
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1-(4-methoxyphenyl)-1,2-dihydro-3 H-benzo[f]chromen-3-one (3h)

According to Method D with Zinc powder (156 mg, 2.4 mmol, 1.2 equiv) was suspended in
anhydrous THF (3 mL) under N,, and then 1,2-dibromoethane (22 pL, 0.3 mmol, 15 mol%) was
added. The mixture was heated at 65 °C for 10 min. After the mixture was cooled to room
temperature, TMSCI (13 pL, 0.1 mmol, 5 mol%) was added, and the mixture was stirred for another
15 min before a solution of ethyl bromoacetate (2 mmol, 1.0 equiv) in anhydrous THF (5 mL) was
added dropwise. The resulting mixture was stirred for 24 h at 40 °C. In another 25 mL Schlenk tube,
substrate 1f (0.5 mmol, 1.0 equiv) was dissolved in 2 mL of dry THF under N, atmosphere. Then
formed (2-ethoxy-2-oxoethyl)zinc(Il) bromide (2 mmol, 4.0 equiv) were added to this mixture was
heated at 60 °C for 12 h. Purification by flash column chromatography provided 3h (109.5 mg, 72%)
as white solid; m.p.49.1-50.7 °C (Petroleum ether/EtOAc); Rf = 0.43 (Petroleum ether/EtOAc = 3/1);
'H NMR (400 MHz, CDCl;):  7.88 (d, J = 8.8 Hz, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.50-7.42 (m, 2H),
7.34 (d, J = 8.8 Hz, 1H), 7.03 (d, J = 8.8 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 4.92-4.91 (m, 1H), 3.73
(s, 3H), 3.18-3.15 (m, 2H); *C NMR (100 MHz, CDCls): & 167.3, 158.6, 149.6, 132.5, 131.0, 130.9,
129.8, 128.7, 128.0, 127.4, 125.2, 123.0, 117.9, 117.5, 114.5, 55.2, 37.7, 36.8; HRMS (ES'-TOF)
caled for CyoH705([M+H]"): 305.1172, found 305.1181. IR: 3447, 1763, 1611, 1509, 1244, 1176,
1138, 1031, 969, 851, 817, 746.

1-(thiophen-2-yl)-1,2-dihydro-3H-benzo[f][chromen-3-one (3i)

According to Method D with Zinc powder (156 mg, 2.4 mmol, 1.2 equiv) was suspended in
anhydrous THF (3 mL) under N,, and then 1,2-dibromoethane (22 pL, 0.3 mmol, 15 mol%) was
added. The mixture was heated at 65 °C for 10 min. After the mixture was cooled to room
temperature, TMSCI (13 pL, 0.1 mmol, 5 mol%) was added, and the mixture was stirred for another
15 min before a solution of ethyl bromoacetate (2 mmol, 1.0 equiv) in anhydrous THF (5 mL) was
added dropwise. The resulting mixture was stirred for 24 h at 40 °C. In another 25 mL Schlenk tube,
substrate 1h (0.5 mmol, 1.0 equiv) was dissolved in 2 mL of dry THF under N, atmosphere. Then
formed (2-ethoxy-2-oxoethyl)zinc(Il) bromide (2 mmol, 4.0 equiv) were added to this mixture was
heated at 60 °C for 12 h. Purification by flash column chromatography provided 3i (128.8 mg, 92%)
as white solid; m.p.78-79 °C (Petroleum ether/EtOAc); Rf = 0.52 (Petroleum ether/EtOAc = 3/1); 'H
NMR (400 MHz, CDCls): 6 7.93-7.86 (m, 3H), 7.56 (t, /= 7.6 Hz, 1H), 7.48 (t, /= 7.4 Hz, 1H), 7.17
(d, J=8.8 Hz, 1H), 7.15 (d, J = 4.8 Hz, 1H), 6.85 (t, /= 8.8 Hz, 1H), 6.68-6.67 (m, 1H), 5.19 (d, J =
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6.0 Hz, 1H), 3.3 (d, J = 14.8 Hz, 1H), 3.20 (dd, J; = 16.0 Hz, J, = 6.4 Hz, 2H); '*C NMR (100 MHz,
CDCly): § 166.8, 149.3, 143.6, 131.0, 130.6, 130.1, 128.8, 127.6, 127.2, 125.4, 125.0, 124.9, 122.9,
117.9, 117.7, 37.6, 32.8; HRMS (ES'-TOF) caled for C7H;30,S([M+H]"): 281.0631, found
281.0638. IR: 3446, 1771, 1627, 1516, 1224, 1174, 1109, 819, 710.

4. Application of triarylmethanes derivatives

(S)-4-((3-chlorophenyl)(4-methoxyphenyl)methyl)phenol (5a)

In a 25 mL Schlenk tube, (3-chlorophenyl)magnesium bromide (2.3 mL, 0.65 M in THF, 3.0 equiv)
was added to a solution of ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv) at 0 °C under N, atmosphere.
After 15 min, the mixture was treated with 4-((4-methoxyphenyl)(tosyl)methyl)phenol 4a (0.5 mmol,
1.0 equiv) at room temperature. After the addition was completed, the reaction mixture was stirred at
60 °C for 12 h. After completion of the reaction, the mixture was quenched by adding 5 mL of
NH4CI and extracted with EtOAc (3x10 mL). The combined organic phase was washed with H,O
(310 mL), dried over anhydrous Na,SOj,, concentrated in vacuo and purified with flash silica gel
chromatography to afford Sa (149.6 mg, 92%) as yellow oil; Rf = 0.52 (Petroleum ether/EtOAc =
3/1); "H NMR (400 MHz, CDCls): & 7.28-7.26 (m, 2H), 7.07-7.03 (m, 4H), 6.97 (d, J = 8.4 Hz, 2H),
6.87 (d, J= 8.4 Hz, 2H), 6.78 (d, J = 8.4 Hz, 2H), 5.68 (s, 1H), 5.43 (s, 1H), 3.82 (s, 3H); °C NMR
(100 MHz, CDCl3): & 157.9, 154.0, 143.0, 136.0, 135.9, 131.9, 130.6, 130.3, 130.2, 128.3, 115.2,
113.8, 55.2, 54.4; HRMS (ES'-TOF) calcd for CaoH;5ClO, ([M+H]"): 325.0990, found 325.0991. IR:

3404, 1610, 1509, 1471, 1246, 1174, 1034, 830, 706, 580.

4-benzhydryl-2-methoxyphenol (5b)
In a 25 mL Schlenk tube, phenylmagnesium bromide (0.93 mL, 1.61 M in THF, 3.0 equiv) was

added to a solution of ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv) at 0 °C under N, atmosphere. After

15 min, the mixture was treated with 2-methoxy-4-(phenyl(tosyl)methyl)phenol 4b (0.5 mmol, 1.0
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equiv) at room temperature. After the addition was completed, the reaction mixture was stirred at
60°C for 12 h. After completion of the reaction, the mixture was quenched by adding 5 mL of NH4Cl
and extracted with EtOAc (3%x10 mL). The combined organic phase was washed with H,O (3x10
mL), dried over anhydrous Na,SO,4, concentrated in vacuo and purified with flash silica gel
chromatography to afford 5b (107 mg, 74%) as white solid; m.p.98-99 °C (Petroleum ether/EtOAc);
Rf=0.62 (Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCL): § 7.29-7.25 (m, 4H), 7.21 (d,
J=6.8 Hz, 2H), 7.11 (d, J= 7.6 Hz, 4H), 6.82 (d, J = 8 Hz, 1H), 6.62 (2, 1H), 6.56 (d, J = 8 Hz, 1H),
5.49 (dJ = 7.6 Hz, 2H), 3.75 (s, 3H); °C NMR (100 MHz, CDCLs): § 146.5, 144.3, 144.2, 136.0,
129.5, 128.4, 126.4, 122.4, 114.2, 112.2, 56.6, 56.0 ; HRMS (ES'-TOF) calcd for CyH;3CIO,
([M+H]"): 325.0990, found 325.0991. IR: 2515, 1593, 1509, 1487, 1445, 1425, 1274, 1227, 1025,

807, 713, 689, 535 .

4-benzhydryl-2,6-dimethoxyphenol (5¢)

In a 25 mL Schlenk tube, phenylmagnesium bromide (0.93 mL, 1.61 M in THF, 3.0 equiv) was
added to a solution of ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv) at 0 °C under N, atmosphere. After
15 min, the mixture was treated with 2,6-dimethoxy-4-(phenyl(tosyl)methyl)phenol 4¢ (0.5 mmol,
1.0 equiv) at room temperature. After the addition was completed, the reaction mixture was stirred at
60 °C for 12 h. After completion of the reaction, the mixture was quenched by adding 5 mL of
NH4Cl and extracted with EtOAc (3%x10 mL). The combined organic phase was washed with H,O
(3x10 mL), dried over anhydrous Na,SOj4, concentrated in vacuo and purified with flash silica gel
chromatography to afford 5¢ (111 mg, 69%) as yellow solid; m.p.126-127 °C (Petroleum

ether/EtOAc); Rf = 0.57 (Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCl;): & 7.30-7.25
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(m, 4H), 7.22-7.19 (m, 2H), 7.11 (d, J = 8.4 Hz, 4H), 6.35 (s, 2H), 5.47 (s, 1H), 5.41 (s, 1H), 3.75 (s,
6H) ; *C NMR (100 MHz, CDCL): § 147.0, 144.1, 135.1, 133.4, 129.4, 128.4, 126.4, 106.6, 56.9,
56.4 ; HRMS (ES'-TOF) caled for CooH 5Cl0, ((M+H]"): 325.0990, found 325.0991. IR: 3481, 1618,

1514, 1450, 1422, 1207, 1106, 740, 701.

4-benzhydryl-2,6-dibromophenol (5d)

In a 25 mL Schlenk tube, phenylmagnesium bromide (0.93 mL, 1.61 M in THF, 3.0 equiv) was
added to a solution of ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv) at 0 °C under N, atmosphere. After
15 min, the mixture was treated with 2,6-dibromo-4-(phenyl(tosyl)methyl)phenol 4d (0.5 mmol, 1.0
equiv) at room temperature. After the addition was completed, the reaction mixture was stirred at
60 °C for 12 h. After completion of the reaction, the mixture was quenched by adding 5 mL of
NH4CI and extracted with EtOAc (3x10 mL). The combined organic phase was washed with H,O
(310 mL), dried over anhydrous Na,SOj,, concentrated in vacuo and purified with flash silica gel
chromatography to afford 5d (127 mg, 61%) as white solid; m.p.120-121 °C (Petroleum
ether/EtOAc); Rf = 0.71 (Petroleum ether/EtOAc = 3/1); "H NMR (400 MHz, CDCls): & 7.31-7.28
(m, 4H), 7.24-7.23 (m, 2H), 7.18 (s, 2H), 7.07 (d, J = 7.2 Hz, 4H), 5.79 (s, 1H), 5.42 (s, 1H) ; °C
NMR (100 MHz, CDCl): & 148.0, 142.8, 138.9,132.8, 132.8, 129.3, 128.7, 126.9, 109.9, 55.6 ;
HRMS (ES'-TOF) calcd for CoH;3C10, ([M+H]"): 325.0990, found 325.0991. IR: 3491, 1605, 1492,
1472, 1168, 728, 696, 590.

(S)-4-((4-methoxyphenyl)(phenanthren-9-yl)methyl)phenol (5e)

In a 25 mL Schlenk tube, phenanthren-9-ylmagnesium bromide (3.7 mL, 0.41 M in THF, 3.0 equiv)
was added to a solution of ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv) at 0 °C under N, atmosphere.

After 15 min, the mixture was treated with 4-((4-methoxyphenyl)(tosyl)methyl)phenol 4a (0.5 mmol,

184.0 mg, 1.0 equiv) at room temperature. After the addition was completed, the reaction mixture
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was stirred at room temperature for 18 h. After completion of the reaction, the mixture was quenched
by adding 5 mL of NH4Cl and extracted with EtOAc (3%10 mL). The combined organic phase was
washed with H,O (3x10 mL), dried over anhydrous Na,SQO4, concentrated in vacuo and purified with
flash silica gel chromatography to afford 5e (103.4 mg, 57%) as white solid; m.p.77-78 °C
(Petroleum ether/EtOAc); Rf = 0.52 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCls): &
8.73 (d, J= 8.4 Hz, 1H), 8.66 (d, J = 8.0 Hz, 1H), 8.04 (d, /= 8.0 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H),
7.63-7.59 (m, 2H), 7.55-7.48 (m, 2H), 7.16 (s, 1H), 7.07 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H),
6.84 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 6.15 (s, 1H), 5.02-4.95 (m, 1H), 3.79 (s, 3H); "°C
NMR (100 MHz, CDCl;): 6 158.0, 154.0, 138.8, 136.0, 135.9, 131.4, 131.2, 130.8, 130.6, 129.8,
128.7, 128.3, 126.6, 126.5, 126.4, 126.1, 125.2, 123.0, 122,3, 115.3, 113.8, 55.2, 51.8; HRMS
(ES'-TOF) caled for CpsHa30, ([M+H]"):391.1693, found. 391.1687. IR: 3396, 1609, 1508, 1449,
1245, 1172, 1034, 800, 748, 723.

2,6-dimethyl-4-(phenyl(thiophen-2-yl)methyl)phenol (5f)

In a 25 mL Schlenk tube, thiophen-2-ylmagnesium bromide (2.1 mL, 0.72 M in THF, 3.0 equiv) was
added to a solution of ZnBr, (1.5 mL, 1.0 M in THF, 3.0 equiv) at 0 °C under N, atmosphere. After
15 min, the mixture was treated with 2,6-dimethyl-4-(phenyl(tosyl)methyl)phenol 4f (0.5 mmol,
183.0 mg, 1.0 equiv) at room temperature. After the addition was completed, the reaction mixture
was stirred at 60 °C for 12 h. After completion of the reaction, the mixture was quenched by adding 5
mL of NH4ClI and extracted with EtOAc (3%x10 mL). The combined organic phase was washed with
H,O0 (3x10 mL), dried over anhydrous Na,;SOj,, concentrated in vacuo and purified with flash silica
gel chromatography to afford 5f (111.7 mg, 76%) as white solid; m.p.105-106 °C (Petroleum
ether/EtOAc); Rf = 0.78 (Petroleum ether/EtOAc = 3/1); "H NMR (400 MHz, CDCl3): & 7.34-7.30
(m, 2H), 7.26-7.21 (m, 4H), 6.95 (t, J = 8.4 Hz, 1H), 6.85 (s, 2H), 6.70 (d, J = 3.2 Hz, 1H), 5.57 (s,
1H), 4.58 (s, 1H), 2.21 (s, 6H); °C NMR (100 MHz, CDCl3): & 150.9, 148..6, 144.2, 135.4, 128.9,
128.7, 128.3, 126.5, 126.4, 126.1, 124.3, 122.8, 51.4, 16.0; HRMS (ES'-TOF) calcd for
C1oH1gOSNa([M+Na]"): 317.0971, found 317.0973. IR: 3580, 1600, 1487, 1300, 1204, 1029, 823,
701.

5. Synthesis of starting materials

General procedure A:
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A solution of Grignard reagents 6 (25 mmol) was added to ortho-hydroxybenzaldehyde 5 (10.0
mmol) in THF (10 mL) under N,. After being stirred at room temperature for 3 h, the reaction
mixture was quenched by a saturated NH4Cl (20 mL) and extracted with CH,Cl,. The combined
organic phases were washed with brine, then dried over Na,SOy, filtered and concentrated. The crude
mixture was purified through a short silica gel column (hexane/ethyl acetate) to afford
2-(hydroxy(phenyl)methyl)phenols 7. TolSO,;Na (2.047 g, 11.5 mmol) and TsOH (3.360 g, 17.5
mmol) were placed in a dried Schlenk tube, and dry CH,Cl, (40 mL) was added. The mixture was
stirred at room temperature for S min. Then, a solution 30 mL of 2-(hydroxy(phenyl)methyl)phenols
7 (10 mmol) in CH,Cl, was added and stirred for 1.5 h, the reaction mixture was quenched and
adjusted to pH = 8 by saturated NaHCOs. After extracted with CH,Cl,, the combined organic phases
were washed with 1N HCI and brine, then dried over Na,SQ,, filtered and concentrated. The crude
mixture was purified through a short silica gel column (hexane/ethyl acetate) to afford
2-(phenyl(tosyl)methyl)phenol 1.

General procedure B:

At 0 °C under N, to a flame-dried flask charged with a solution of bromo-hydrocarbons (25 mmol)
in dry THF (15 mL) was added #-BuLi (25 mmol, 2.5 M in THF, 10 mL) dropwise. The reaction was
stirred for 30 min at the same temperature and then a solution of the aldehyde (10 mmol) in THF (6
mL) was added by syringe. The reaction mixture was then warmed to 60 °C and stirred overnight.
Upon completion, the reaction mixture was cooled to 0°C. A saturated aqueous NH4Cl solution (20
mL) was added dropwise. The organic layer was separated. The aqueous layer was extracted with
Et,0 (3% 20 mL). The combined organic layers were dried over anhydrous Na,;SOy, filtered, and
concentrated. The residue was purified by silica gel chromatography to afford the desired alcohol 7.
TolSO,Na (2.047 g, 11.5 mmol) and TsOH (3.360 g, 17.5 mmol) were placed in a dried Schlenk tube,
and dry CH,Cl, (40 mL) was added, and the mixture was stirred at room temperature for 5 min. Then,
the solution 30 mL of 2-(hydroxy(phenyl)methyl)phenols 7 (10 mmol) in CH,Cl, was added and
stirred for 1.5 h, the reaction mixture was quenched and adjusted to pH = 8 by saturated NaHCO:s.
After extracted with CH,Cl,, the combined organic phases were washed with 1N HCI and brine, then
dried over Na,SO,, filtered and concentrated. The crude mixture was purified through a short silica
gel column (hexane / ethyl acetate) to afford 2-(phenyl(tosyl)methyl)phenol 1.
2-((4-methoxyphenyl)(tosyl)methyl)phenol (1a)
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According to general procedure A: Ia (2.39 g, 65%); as white solid; (Petroleum ether/EtOAc); Rf
=0.31 (Petroleum ether/EtOAc = 3/1); "H NMR (400 MHz, CDCls): 6 7.67-7.64 (M, 1H), 7.54 (d, J
=8.0Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.16-7.09 (m, 3H), 6.90 (t, J = 3.6 Hz ,1H), 6.82-6.74 (m,
4H), 5.87 (m, 1H), 3.76 (s, 3H), 2.34 (s, 3H); >C NMR (100 MHz, CDCl3): § 159.7, 154.2, 144.5,
135.0, 131.5, 130.5, 129.9, 129.3, 128.8, 124.2, 121.0, 120.2, 117.4, 114.0, 69.2, 55.2, 21.6.
4-chloro-2-((4-methoxyphenyl)(tosyl)methyl)phenol (1b)

According to general procedure A: 4e (2.17 g, 67%); as white solid; m.p. 164-165°C (Petroleum
ether/EtOAc); Rf = 0.32 (Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCl;): & 7.61 (d, J =
24 Hz, 1H), 7.54 (d, J=8.0 Hz, 2H), 7.44 (d, /= 8.8 Hz, 2H), 7.18 (d, /= 8.8 Hz , 2H), 7.09-7.06
(m, 1H), 6.81(d,J=8.8 Hz, 2H), 6.70 (d, /= 8.8 Hz, 1H), 5.79 (s, 1H), 3.77 (s, 3H), 2.36 (s, 3H);
C NMR (100 MHz, CDCl3): § 159.9, 153.0, 144.9, 134.6, 131.4, 130.1, 129.9, 129.4, 128.8, 125.9,
123.6, 121.9, 118.8, 114.1, 69.0, 55.2, 21.6; HRMS(ES'-TOF) calcd for C5,H;9CI04SNa ([M+Na']):
425.0585, found 425.0587. IR: 3415, 1599, 1510, 1416, 1253, 1178, 1140, 1086, 1030, 820, 725, 665,
585, 538.

4-fluoro-2-((4-methoxyphenyl)(tosyl)methyl)phenol (1c)

According to general procedure A: 4g (2.06 g, 58%); '"H NMR (400 MHz, CDCl3): & 7.67-7.65 (m ,
1H), 7.55-7.49 (m, 4H) , 7.17-7.12 (m , 3H),6.99-6.91 (m , 3H), 6.77-6.75 (m, 1H), 6.55 (s, 1H),5.90
(m , 1H), 2.36 (s, 3H); °C NMR (100 MHz, CDCl3): & 164.0, 161.5, 154.1, 144.8, 134.9, 132.0 (d, J
=9.3 Hz), 130.4, 130.1, 129.4, 128.8, 128.2, 121.2, 119.9, 117.3, 115.7, 115.4, 68.8, 21.6.
2-((4-chlorophenyl)(tosyl)methyl)phenol (1d)

According to general procedure A: 4f (2.75 g, 74%); as white solid; m.p. 183-184°C (Petroleum
ether/EtOAc); Rf = 0.24 (Petroleum ether/EtOAc = 3/1); H NMR (400 MHz, CDCl;): & 7.60-7.55
(m,3H),7.47 (d,J=8.8 Hz, 2H) , 7.29-7.28 (m, 1H), 7.27-7.26 (m, 1H), 7.21-7.17 (m, 3H), 6.93 (t,
J=8.0 Hz, 1H), 6.81 (d, ,J= 8.0 Hz, 1H), 5.85 (s, 1H), 2.37 (s, 3H); °C NMR (100 MHz, CDCl;):
o 154.0, 144.9, 134.9, 134.8, 131.6, 130.9, 130.6, 130.3, 129.4, 128.9, 128.8, 121.4, 119.8, 117.7,
69.3, 21.6; HRMS (ES'-TOF) calcd for Cy0H;3ClOsS (IM+H]"): 373.0660, found: 373.0673. IR:
3374, 1596, 1490, 1458, 1312, 1274, 1145, 1085, 1015, 814, 760, 714, 649, 577.
2-(thiophen-2-yl(tosyl)methyl)phenol (1e)

According to general procedure B: 4j (2.82 g, 73%); as purple solid; m.p. 148-149°C (Petroleum
ether/EtOAc); Rf = 0.30 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCls): 6 7.61 (d, J =
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8.0 Hz, 1H), 7.55 (d, J= 8.4 Hz, 2H), 7.28 (d, J = 5.2 Hz, 1H), 7.25-7.24 (m, 1H), 7.20-7.17 (m, 3H),
6.98-6.96 (m, 1H), 6.93-6.91(m, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.18 (s, 1H), 2.37 (s, 3H);’C NMR
(100 MHz, CDCls): 6 154.2, 144.8, 134.2, 133.3, 130.8, 130.4, 129.9, 129.3, 129.1, 127.1, 126.9,
121.2, 119.6, 117.4, 65.3, 21.6; HRMS (ES'-TOF) calcd for C gH;705S, ([M+H]"): 345.0614, found
345.0630. IR: 3369, 1596, 1458, 1354, 1294, 1134, 1078, 814, 756, 712, 587.
1-((4-methoxyphenyl)(tosyl)methyl)naphthalen-2-ol (1f)

According to general procedure A: 4i (6.41g, 76%) as yellow solid; m.p. 158-159 °C (Petroleum
ether/EtOAc); Rf = 0.52 (Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCls): & 7.72-7.58
(m, 7H), 7.33 (t, J = 7.4 Hz, 1H), 7.26-7.19 (m, 2H), 7.04 (d, J = 7.6 Hz, 2H), 6.86 (d, J = 8.4 Hz,
2H), 6.44 (s, 1H), 3.77 (s, 3H), 2.24 (s, 3H); °C NMR (100 MHz, CDCls): & 159.9, 154.4, 145.0,
134.3,132.9, 131.6, 131.3, 129.3, 128.9, 128.5, 127.1, 123.2, 122.4, 120.9, 120.6, 114.2, 110.8, 69.8,
55.2, 21.5; HRMS (ES"-TOF) calcd for C,5H,304S ([M+H]"): 419.1312, found 419.1313. IR: 3318,
1626, 1504, 1437, 1361, 1186, 1138, 1081, 1033, 966, 775, 751, 662, 520.
1-(furan-2-yl(tosyl)methyl)naphthalen-2-ol (1g)

According to general procedure B: 4d (1.74 g, 46%); as green solid; m.p. 114-115 °C (Petroleum
ether/EtOAc); Rf'= 0.30 (Petroleum ether/EtOAc = 3/1); 'H NMR (400 MHz, CDCl;): 6 7.74 (d, J =
9.2 Hz, 1H), 7.70 (d, J= 8.0 Hz, 1H), 7.65 (d, /= 8.0 Hz, 3H),7.38 (t, J = 7.4 Hz, 2H), 7.29-7.27 (m,
1H), 7.29-7.22 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.83 (s, 1H), 6.53 (s, 1H), 3.39-6.38 (m, 1H), 2.30
(s, 3H); C NMR (100 MHz, CDCls): 154.9, 145.3, 144.4, 143.4, 134.2,132.9. 131.9, 129.5, 129.3,
128.9, 128.7, 127.2, 124.7, 123.3, 120.8, 112.7, 111.2, 108.9, 64.6, 21.4; HRMS (ES'-TOF) calcd for
CyH1904S (IM+H]): 275.1436, found 275.1443. IR: 3406, 1600, 1517, 1439, 1274, 1142, 1085,
1016, 812, 749, 653, 577.

1-(thiophen-2-yl(tosyl)methyl)naphthalen-2-ol (1h)

According to general procedure A: 4c (1.97 g, 50%); as yellow solid; m.p.147-148°C (Petroleum
ether/EtOAc); Rf = 0.24 (Petroleum ether/EtOAc = 3/1); "H NMR (400 MHz, CDCls): & 8.72 (s, 1H),
7.74 (d, J = 9.2 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.55 (s, 1H), 7.35-7.31
(m, 3H), 7.25-7.23 (m, 1H), 7.04 (d, J = 8.0 Hz, 2H), 6.99-6.97 (m, 1H), 6.64 (s, 1H), 2.24 (s,
3H);">C NMR (100 MHz, CDCls): § 154.8, 145.4, 132.6, 132.0, 131.3, 130.1, 129.4, 129.2, 128.9,
128.8, 128.7, 127.7, 127.3, 126.8, 123.3, 121.1, 120.2, 110.6, 66.1, 21.5; HRMS (ES'-TOF) calcd for
CyH 5038, ([M+H]"): 395.0770, found 395.0789. IR: 3360, 1624, 1513, 1438, 1280, 1135, 1078,
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822, 756, 709, 648, 579, 527.

4-((4-methoxyphenyl)(tosyl)methyl)phenol (4a)

According to general procedure A: 4a (2.65 g, 72%); as white solid; m.p. 116-117°C; Rf = 0.30
(Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCl;): & 7.48 (d, J = 7.2 Hz , 2H), 7.42-7.35
(m, 4H), 7.16 (d, J=7.2 Hz, 2H), 6.82 (d, /= 7.2 Hz, 2H), 6.73 (d, /= 7.6 Hz , 2H), 5.17 (s, 1H),
3.77 (s, 3H), 2.37 (s, 3H); °C NMR (100 MHz, CDCls): § 159.7, 156.3, 144.4, 135.1, 131.2, 131.1,
129.3, 128.9, 125.1, 124.4, 115.7, 114.0, 75.3, 55.2, 21.6; HRMS (ES'-TOF) calcd for Cp1Hy 048
([M+H]"): 369.1155, found 369.1166. IR: 3385, 1610, 1513, 1451, 1253, 1176, 1139, 1081, 1028,
812, 718, 664, 568, 516.

2-methoxy-4-(phenyl(tosyl)methyl)phenol(4b)

According to general procedure A: 4b (4.85 g, 92%); as white solid; m.p. 118-124°C; Rf =
0.25(Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCl3): & 7.49 (d, J = 10.7 Hz , 4H), 7.15
(d,J=6Hz,2H), 7.10 (s, 1H), 6.91 (d, /=8 Hz, 2H), 6.80 (d, J =8 Hz, 2H), 5.21 (s, 1H), 3.83 (s,
3H), 3.53 (s, 3H); °C NMR (100 MHz, CDCls): § 146.4, 145.9, 144.3, 135.3, 133.3, 129.7, 129.2,
128.9, 128.5, 128.4, 124.6, 123.4, 114.3, 112.2, 76.0, 55.9, 21.5 ; HRMS (ES'-TOF) calcd for
C21H1048 ([M+H]"): 369.1155, found 369.1166. IR: 3424, 1603, 1524, 1450, 1141, 1079, 1037, 815,
696, 666, 558 .

2,6-dimethoxy-4-(phenyl(tosyl)methyl)phenol(4c)

According to general procedure A: 4c (4.58 g, 93%); as white solid; m.p. 145-155°C; Rf =
0.22(Petroleum ether/EtOAc = 3/1); '"H NMR (400 MHz, CDCL): & 7.54-7.49 (m, 4H), 7.31 (d, J
=4 Hz , 3H), 7.16 (d, J=8 Hz, 2H) , 6.72 (s, 2H) , 5.19 (s, 1H) , 3.81 (s, 6H), 2.36 (s, 3H) ; C NMR
(100 MHz, CDCl3): & 146.9, 144.5, 135.5, 135.2, 133.3, 129.9, 129.3, 129.1, 128.7, 128.6, 123.9,
100.1, 76.3, 56.42, 21.6 ; HRMS (ES'-TOF) calcd for CyHy 048 ([M+H]"): 369.1155, found
369.1166. IR: 3446, 1610, 1519, 1425, 1309, 1212, 1138, 1081, 1028, 822, 703, 600, 553, 491.

2,6-dibromo-4-(phenyl(tosyl)methyl)phenol(4d)

According to general procedure A: 4d (2.47g, 40%); as white solid; m.p. 203-207°C; Rf =
0.35(Petroleum ether/EtOAc = 3/1);'H NMR (400 MHz, CDCls): 87.62 (s, 2H), 7.49 (d, J =8 Hz ,
2H), 7.45-7.42 (m, 2H) , 7.33-7.32 (m, 3H) , 7.19 (d, J =8 Hz, 2H) , 5.99 (s, 1H), 5.16 (s, 1H), 2.38
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(s, 3H) ; >C NMR (100 MHz, CDCly): & 149.7, 144.9, 134.6, 133.3, 132.3, 129.7, 129.4, 129.0,
128.9, 128.8, 127.4, 109.8, 74.5, 21.6 ; HRMS (ES'-TOF) calcd for C,;H,04S ([M+H]"): 369.1155,
found 369.1166. IR: 3368, 1602, 1555, 1493, 1485, 1324, 1139, 1081, 1080, 792, 713, 680, 601, 549.
2,6-dimethyl-4-(phenyl(tosyl)methyl)phenol (4f)

According to general procedure A: 4f(2.78 g, 76%); as white solid; m.p. 205-206 °C (Petroleum
ether/EtOAc); 'H NMR (400 MHz, CDCls): § 7.50-7.48 (m , 4H), 7.39-7.27 (m, 3H) , 7.16-7.15 (m,
4H), 5.15 (s, 1H), 2.36 (s, 3H), 2.18 (s, 6H); °C NMR (100 MHz, CDCL): & 152.6, 144.2, 135.4,
133.6, 130.1, 129.8, 129.1, 129.0, 128.5,128.3, 124.0, 123.3, 76.0, 21.6, 15.9. HRMS (ES'-TOF)

caled for C5H,,03SNa ([M+Na]"): 389.1182, found 389.1183. IR: 3362, 3070, 1608, 1548, 1474,
1408, 1322, 1083, 848, 815, 722.
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