Accepted Manuscript

Oxidative phenol-arene and phenol-phenol cross-coupling using periodic acid

Peng-Cheng Gao, Huan Chen, Vladimir Grigoryants, Qiang Zhang

Pll: S0040-4020(19)30172-3
DOI: https://doi.org/10.1016/j.tet.2019.02.021
Reference: TET 30144

To appearin:  Tetrahedron

Received Date: 8 December 2018
Revised Date: 2 February 2019
Accepted Date: 8 February 2019

Please cite this article as: Gao P-C, Chen H, Grigoryants V, Zhang Q, Oxidative phenol-arene and
phenol-phenol cross-coupling using periodic acid, Tetrahedron (2019), doi: https://doi.org/10.1016/
j-tet.2019.02.021.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.tet.2019.02.021
https://doi.org/10.1016/j.tet.2019.02.021
https://doi.org/10.1016/j.tet.2019.02.021

OH

i OH
R4 H5|Oe (0.5 equiv.) O
+ 25 °C, 30 min . RilR,
OR3 IS
Gl
2, ORs
Rg = H, Me

up to 84% yield
simple to perform
ambient temperature
facile and atom ecconomy oxidation




Tetrahedron

journal homepage: www.elsevier.com

Oxidative Phenol-Arene and Phenol-Phenol Cross-ayfsing Periodic Acid

Peng-Cheng G&pHuan Chef Vladimir Grigoryantd and Qiang Zharfg*

2 Department of Chemistry, University at Albany t&taniversity of New York, 1400 Washington AveAlleny, NY 12222 (USA). E-mail:
gzhang5@albany.edu.

ARTICLE INFO ABSTRACT

Article history A simple, metal-free protocol for unsymmetricalrpi@oupling using HOg is reported. HIOg
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1. Introduction reported. Except that, metal- and reagent-freetrelgremical

. ) . o oxidation protocol was also successfully achieved Boyon-
The preparation of unsymmetrical biaryl motifs d¢onés to doped diamond (BBD) electrode.

draw significant attention because of the ubiquityhis scaffold
in phenolic natural products and a range of otlwenpounds of Periodic acid (5lOg) is an inexpensive commercially
importance in the food and pharmaceutical industrigiaryl available reagent in which iodine exists in the akimh state of
compounds are widely applied as ligands in organalfiesf and ~ VII. It is a commonly used oxidant for cleavagevidinal diols.
as synthons of bioactive natural prodicemd they are heavily In addition, its moderate acidity (pKa = 3:2@ompared to 0.23
utilized in pharmaceuticals and polymeric materialhe most ~ of TFA) and superior water solubility make it compéi with
common means of accessing unsymmetrical biaryltoacts are  biological systems and selective for specific fimral groups.
based on classic cross-coupling reactions sucheaStizuki or According to some published reports of metal-freiants, "
Stille couplings, which usually require pre-funcétimed aryl  both oxidative potential and acidity are necesdaryoxidant-
rings and protection of phenol groud%. Although the mediated cross-coupling of phenols. We believedt ttee
accomplishment of the transformatiovia oxidative cross- combination of its strong oxidative potential ancidiy make
coupling of phenols can potentially overcome trarehentioned  periodic acid a possible candidate for phenol dit@across-
hurdles, this approach can lead to the concurremhdtion of  coupling. Here, we report a new facile and straightéod
undesired homo-coupling adducts, polymers, quinorssd  protocol for the accomplishment of unsymmetricaépdi-arene,
Pummerer's ketones. Nevertheless, A series of direct phenol-phenol, and phenol-naphthol linkages witdO4l at
unsymmetrical oxidative arylation strategies haveeerb ambient temperature.

developed in the last few decad@he use of transition metals . .

such as Cu(llf,Ru? and \’ have been reported to synthesize the? Results/Discussion

unsymmetrical bi-phenols. Recently, Pappo and cdever We commenced our investigation by surveying theditmms
demonstrated that an Fe(lll) metal complex couldvijgle an required for unsymmetrical oxidation of ®&(t-butyl)-4-
excellent alternative for connecting biaryl bondeectly from methoxyphenoll and 1,2,4-trimethoxybenzer®with different
two unfunctionalized phenolic componefitsAs a case in point, oxidants (Table 1). None of the desired product wasiéd with
Cr’ mediated regioselectivpara-para para-orthg and ortho- p-Chloranil in DMF at room temperature. Ceric ammonium
ortho couplings have been elegantly illustrated by tlozlBwski  hitrate (CAN) or Oxone in 1,1,1,3,3,3-hexafluoroprqgan-2-ol
group. Meanwhile_, reports of metal-free oxidativgtmu_els have (HFIP) provided only a trace amount of the targetedero-
also emerged. Oxidation systems such as hypervaleinie (Ill)  aqduct3 (entries 2 & 3). One general photoredox conditions
and the |odo-methoxybenzene/lc??xblnelevelopegi4 by the Kita \yere also investigated which a catalytic amount ofoRy):Cl,
group, as well as DDQ SeQ”, and KSO;" have been (10 molo) was used under aerobic condition, butnoaipct was



observed, and both starting materials remainedtintéowever,  substitutes such as 2,6-dimethylphenol gndresol were also
we were encouraged to find that a stoichiometric arhaf  coupled with N,N-dimethyl-2-naphthylamine and provided the
iodine and iodic acid HIQ(V) generated 21% and 12% of the adducts14 (81%) and15 (30%) respectively. Mix solvent of
desired produc8 respectively in acetonitrile (entry 5, 6). Using HFIP/CH;NO, was used for the formation of compourigslO
higher oxidation state iodine in the form of pei@dcid (HlOg) and11 due to the poor solubility of arenes in HFIP alone

in HFIP led to complete consumption of the materiatsdesired

product 3 is isolated, and byproduct benzoquinodewas Table 2. Cross-Coupling between Phenols and Arénes.

obtained in 72% vyield due to the over-oxidatfoh® Reducing o o
the loading of HIOg to 0.5 equivalent furnishedlin 73% yield. PP PPN Moo, 05equv) L I
Further screening led to the optimized reactiond@@ns shown oA T \@ T Rle,
in entry 9, where 1.5 equivalents ®foroduced3 in 84% yield f R o

within 30 minutes. Finally, the conditions usingiiog or HIG;in 1.0 equiv. 1.5 equiv.
HFIP were evaluated (entries 12, 13). The resultg wbserved ove on

to be inferior to those of the aforementioned ojed Ho o OMe MeO OMe
conditions. It is worth noting that the use of hetfuivalent of O e O
MeO
(L

periodic acid is critical for the optimal yield,drease or decrease "*° O OMe
of oxidant loading will lead to either benzoquinoadduct or e oMe OO
incomplete reaction. 565% 622% 7 459
Table 1. Initial Investigation of Unsymmetrical Couplifig. OH
MeO. OMe MeO.
O MeO. OMe O
t-Bu
OH oM tBu O OMe HO
tBu ° oMe OH © Meo Ome
O 0 0 o 0
e O OMe O O
OMe OMe MeO OMe OMe OMe 815% 938% 10 44%P
1 2 3 4

OMe

MeO. OMe
0 o .
Entry oxidant solvent ratio of 2/1 amountof oxidant yield of 3(%)° HO
OMe
e g 4
OO NBn, MeO OMe

1 p-chloranil DMF 1:1 1.0 NR

2 CAN HFIP 11 1.0 trace 11.34%° 128%" 1348%
OH
3 Oxone HFIP 1:1 1.0 trace O
4 Ru(bpy)sClo/air CH3CN 11 0.1 NR O OH
NMe;,
5 I CH5CN 11 1.0 21 OO NMe, OO
6 HIO3 CH3CN 1:1 1.0 12
14 81% 1530%

7¢ HslOg HFIP 1:1 1.0 0° . . . :

o . [a] All reactions were carried out by adding 0.5 eglént of
e 11 0.5 73 . .
d . Hsl06 (2.50 M in DMF) to a solution of phenol (0.2 mmohda
o HilOe HAP Lot 08 64 arene (0.3 mmol) in HFIP at room temperature uraler [b]
10° HelOg HFIP 151 06 73 Products were obtained using 1:1 HFIP/8B, as the solvent.
11¢ HslOg HFIP 1.5:1 0.4 58
120 HIOg HFIP 11 10 66 To expand the reaction scope of our protocol, wereded our
13 i HEIP 11 10 15 investigations to include phenol-phenol oxidativauglings. A

total of 17 examples are illustrated in Table 3ni&r to the
[a] All reactions were carried out in 0.2 M solutioofs1 under outcome of the pheno|_arene oxidation, thelQd mediated
air at room temperature. [Bll yields were confirmed byH  selective couplings produced from moderate to ggettls in
NMR with DMSO as the internal standard. [byproduct most cases. The reaction can provjiiea-para cross-coupling
benzoquinond was isolated in 72% yield. [d] isolation yield. [e] products 16 (61%), 17 (52%), para-ortho cross-coupling
the oxidant was dissolved in DMF (2.50 M) which wasnthe productsl8 (50%),19 (64%),20 (53%),21 (25%),22 (25%),23
added to the reaction. (48%), 24 (30%), 25 (47%), 26 (41%), 27 (65%), 28 (50%) and
ortho-ortho cross-coupling produc?9 (21%). Finally, the
reactions between phenol and naphthol were also grtvéde

coupling of phenols and arenes was probed (Tablé\ Zmall efficient using HIOg protocol and be able to tolerate the presence
library of phenols and arenes were subjected toofftémized of a halogen, leading to addusfl (65%),31 (83%),32 (56%).

conditions. In the presence of oxidant, fhe#a position of 2,6- In order to further understand the reaction mecmapithe
dimethoxyphenol was coupled with electron-rich areneseffect of the solvents was considered (Scheme 1$hdrhighly
providing productss (65%), 6 (22%) and7 (45%) respectively. polarized solvents such as 2,2,2-Trifluoroethaii&if) or HFIP,
The reaction of 2,6-dimethoxyphenol and relativelgctron-  oxidation of phenol83 and33a produced addud9 in 34% and
poorer mesitylene generated the prodBich low yield (15%). 64% vyields respectively; whereas non-protic  solvent
Similarly, the ortho-position of 4-methoxyphenol and 2- dichloroethane furnished the same product with 12&dy
methoxy-4-methylphenol reacted with different areréfording  Fluoroalcohols are known to stabilize the radicaltiora
the product® (38%), 10 (44%), 11 (34%), 12 (8%), 13 (48%).  intermediate and boost coupling yiéfdand the existing strong
Specifically, thepara-position couplings generally led to better hydrogen bonding interaction between HFIP and phenald

yields when compared to tlogtho-position adducts, presumably shift the oxidation potential and nucleophilicityf ghenol
due to steric effects. Furthermore, phenols lackmathoxyl

With the optimized protocol in hand, the scope & tross-



substrates under reaction condittdfor ortho-methoxyl phenol,

it was proposed by Pappo group that the intramadedutdrogen

bond could be altered to an intermolecular fastogprHFIP and

the liberated free phenol hydroxyl group may beermrcessible Scheme 2. Possible Solvent Effects.
for chelation and oxidatiolf® Our experiments appeared to

OH
support such theory. o eo oH ove MeO O OMe
Table 3. Cross-Coupling between Different Pherfols. Meo\©/owle L O OMe
o OH )
@ - (\7 oH HalOg (0.5 equiv.) RIS OH/ \ 33 OMe MeO T OMe
R// 7 HFIP \:)@@R. 45% 0%

R'

1.0 equiv. 1.5 equiv. 34 3%
OMe OMe OMe
HO. HO HO . : i i
O O O oH [a] The reaction was carried out by adding 0.25 \eant of
MeO O MeO O MeO O Hs5l06 (2.50 M in DMF) to a solution of phend3 (0.2M in
OH OH HFIP) at room temperature.
t-Bu
16 61% 17 52% 18 50% OH
MeO. OMe
OMe OMe o Hs10g (0.25 equiv.) O
o OH oH MeO. OMe 7 "
O OH ‘O OMe O HFIP, 1t OMe
® »
O OH O 3 OH
OMe OH OMe
19 64%"° 20 53% 2125% 34
300
OMe t-Bu OMe ' ' ' '
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w
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[a] All reactions were carried out by adding 0.5 eglént of - . i ;
Hsl06(2.50 M in DMF) to a solution of the phenol mixtui@&z2 0 50 100 150
M) in HFIP at room temperature under air. Rdactions were __ time, min )
complete within 3 h. [cHFIP/CHNO, (1:1) were used as the Figure 1. EPR _Experlments. EPR spectra: t_he sample was
solvent. prepared by adding 0.25 equivalent gf®}(0.3 M in DMF) to a

solution of phenoB3 (40 mM in HFIP) at room temperature.
The measurements were carried out at different pionets.
Subsequently, the JDs mediated homocoupling of 2,6-
dimethoxyphenol was further explored as mechanipticbe
based on the Pappo’s design (Schem&"3%° Under standard
reaction conditions, unsymmetrical bi-pheBdlwas obtained as

product in 45% yield. Radical-radical and radicaiea coupling
mechanism have been proposed by other researchgf8t**
The formation of unsymmetrical bi-pher@ may be explained
by the radical-anion mechanism, while generatiorhafholytic

the solo coupling product35 is known to undergo outer-shell radical-
Scheme 1. Possible Solvent Effect§’ radical pathway™'® Based on the exclusive formation of
™ unsymmetrical produc®4, the HIOg protocol likely involves in
©/ the radical-anion complexes whepara-phenoxyl radical of
H HQ OMe
o}

OM e OH We 33a MeO
MeQ. € ROH RO. .-O 0., .OR
[N H H _— OH
HslOg
i @

19 3



phenol33 was attached bthe most nucleophilimetaposition of
33.

We next carried out Electron Paramagnetic ResongfeR)
to verify our proposed mechanisffi. Mixture of HlOg (0.25
equiv)and HFIP solution of phend3 (40 mM) in 0.7 mm ID
capillary was placed into resonator of EPR specttemat
ambient temperature, and strong absorption signalokaerved.
A series of EPR spectra (Figure 1a) has been red@iddifferent
time points. Time depending of EPR signal (Figubg &hows
fast saturation of signal and relatively slow falliourve, which
might be attributed to a multi-stage parallel oxiola process. A
control experiment using phend@3 in HFIP alone did not
produce any EPR signal. The observation suggestgegdresence
of phenoxyl radical during the oxidation reaction.

OH o o
oxidant H”
R N — - R+\ <«=pf
= = -
A B C
N
R'—-
2z o AN
D R

Scheme 3. Proposed Reaction Mechanism.

Based on experimental data and literature rep&r&’ we
tentatively propose a plausible radical-anion magdma for the
transformation (Scheme 3). We believed that theptexation of
phenol A with HslOg resulted in a radical catioB, presumably
through a SET (single-electron transfer) oxidagmncess. The
phenoxyl radicalC may be generated from the radical catidn
after dissociation of H Nucleophilic addition of phenol/areiie
should produce radical intermedigiewhich lead to the cross-
coupling produck.

3. Conclusion

In summary, we have demonstrated a facile amigstiforward
method to prepare unsymmetrical phenol-arene, phsrenol
and phenol-naphthol adducts usingl®4 as the oxidant. 30
unsymmetrical coupling products can be easily ssgitted. This
convenient procedure relies on a single reagentowittthe
addition of additives or the need for pre-functiiwetion, and
the reactions are generally accomplished within 8tutes at the
mild condition. Reaction mechanism has been ingatdd and
discussed for further understanding the propert&sHslOg.
Experimental Section

4, Experimental Section

4.1 General Procedures

To a solution of phenoA (0.2 mmol) and phenol or areBe
(0.3 mmol, 1.5 equiv.) in HFIP (1 mL) at room terrgtere, was
added HIOg (2.50 M solution in DMF, 0.1 mmol, 0.5 equiv)
dropwise in 10 minutes. The resulting mixture wasredi at

products of 20, 21, 22, 23, 28 were obtained by using 1.0
equivalent of 2-methoxy-4-methylphenol and 1.5 ealent of
another cross-coupling partner. The produgts 25, 29 were
obtained by wusing 1.0 equivalent of ®R#butyl)-4-
methoxyphenol and 1.5 equivalent of another crosgsking
partner.

4.2 Experiment data

3-(tert-butyl)-2',4',5,5'-tetramethoxy-[1,1'-bipid]-2-ol
(3).1'°57.4 mg, 84% vyield'H NMR (400 MHz, CDCJ) & 6.72
(1H, s), 6.67 (1H, dJ = 2.0 Hz), 6.60 (1H, dJ = 2.0 Hz), 6.58
(1H, s), 3.92 (3H, s), 3.84 (3H, s), 3.74 (3H, s), 19, s).
HRMS (ESI+)m/zcalculated for [(GoH260s)H] " 347.1853 found
347.1845.

3-(tert-butyl)-3',4',5'-trimethoxy-[1,1'-biphenyl];2-
dioned).® The compound was obtained using general procedure
by adding 1.0 equiv #O0s. 47.5 mg, 72% yieldH NMR (400
MHz, CDCk) 6 6.94 (1H, dJ = 4.0 Hz), 6.87 (1H, s), 6.66 (2H,
s), 6.07 (1H, s), 3.95 (3H, s), 3.88 (3H, s), 3.83,(8), 3.80 (3H,
s), 1.46 (9H, s). HRMS (ESl#/z calculated for [(GH,,0s)H]"
331.1540 found 331.1545.

2'3,4' 5,5'-pentamethoxy-[1,1-biphenyl]-4-ol5).{* 41.6
mg, 65% yield:'H NMR (400 MHz, CDCJ) 5 6.87 (1H, s), 6.74
(2H, s), 6.63 (1H, s), 5.52 (1H, s), 3.94 (3H, s)236H, s), 3.88
(3H, s), 3.77 (3H, s)**C NMR (150 MHz, CDCJ) 5 150.6,
148.8, 146.6, 143.2, 133.8, 129.5, 122.5, 114.6,31®8.5, 56.8,
56.7, 56.4, 56.3, 56.2. HRMS (ESI+n/z calculated for
[(C17H2006)H] " 321.1333 found 321.1343.

4'-(dimethylamino)-2',3,5-trimethoxy-[1,1'-biphenyHol
(6).'° 13.3 mg, 22% yield'H NMR (400 MHz, CDCJ) & 7.20
(1H, d,J = 8.0 Hz), 6.75 (2H, s), 6.41 (1H, d= 8.0 Hz), 6.35
(1H, s), 5.45 (1H, s), 3.90 (6H, s), 3.82 (3H, s), 361, S).
HRMS (ESI+) m/z calculated for [(GH»NO)H]™ 304.1543
found 304.1543.

2,6-dimethoxy-4-(2-methoxynaphthalen-1-yl) phend).*'
27.9 mg, 45% yield"H NMR (600 MHz, CDC}) & 7.89 (1H, dJ
= 6.0 Hz), 7.83 (1H, m), 7.56 (1H, m), 7.39-7.35 (3H, B160
(2H, s), 5.61 (1H, s), 3.88 (6H, s), 3.87 (3H, s). HRIESI+)
m/zcalculated for [(GH10,)H]" 311.1278 found 311.1275.

3,5-dimethoxy-2',4',6"-trimethyl-[1,1-biphenyl]ed-  (8).**"
8.2 mg, 15% vyield'H NMR (400 MHz, CDCJ) & 6.95 (2H, s),
6.37 (2H, s), 5.49 (1H, s), 3.86 (6H, s), 2.33 (3H295 (6H, S).
*C NMR (150 MHz, CDGJ) 5 147.0, 139.1, 136.7, 136.4, 133.0,
132.1, 128.0, 105.7, 56.3, 21.0, 20.6. HRMS (ESh)z
calculated for [(GH»005)H]" 273.1485 found 273.1472.

2'.4' 5,5'-tetramethoxy-[1,1'-biphenyl]-2-oB)(*** 22.1 mg,

room temperature for 0.5 h. The reaction mixtureswa 3go4 yield.'H NMR (600 MHz, CDCJ) & 6.97 (1H, d,J = 8.0
concentratedh vacuo The crude residue was purified by column Hz), 6.86 (2H, m), 6.82 (1H, d, = 3.0 Hz), 6.66 (1H, s), 6.24

chromatography on silica gel (eluent: n-hexane/ Et{Qéafford
the product.

For the table 3, the produds, 16, 17, 18, 19, 26, 27, 30, 31
were obtained by using 1.0 equivalent of 2,6-dimegpbenol
and 1.5 equivalent of another cross-coupling partnelThe

(1H, s), 3.95 (3H, s), 3.88 (3H, s), 3.85 (3H, s), 3M, s).°C
NMR (150 MHz, CDCJ)) 5 153.7, 149.7, 149.4, 147.6, 144.4,
126.9, 118.7, 118.4, 116.2, 115.0, 114.0, 98.58,556.5, 56.2,
55.8. HRMS (ESI+)m/z calculated for [(GH1g0s)H]" 291.1227
found 291.1228.



3,5-diisopropyl-3',5'-dimethoxy-[1,1'-biphenyl]44diol
(16)."40.3 mg, 61% yield*H NMR (400 MHz, CDCJ) 5 7.19
(2H, s), 6.73 (2H, s), 5.49 (1H, s), 4.81 (1H, s)63EH, s), 3.21
(2H, m), 1.34 (6H, s), 1.32 (6H, SfC NMR (150 MHz, CDGJ)
0 149.4, 147.1, 134.2, 133.9, 133.8, 122.3, 1046038 56.37,
27.4, 22.8. HRMS (ESI+m/z calculated for [(GoH2c04)H]"
331.1904 found 331.1901.

2-methoxy-6-(2-methoxynaphthalen-1-yl)-4-methylpheno
(10)."° 25.9 mg, 44% yield'H NMR (400 MHz, CDCJ) & 7.92
(1H, d,J = 8.8 Hz), 7.84 (1H, dJ = 8.0 Hz), 7.50 (1H, d] = 8.0
Hz), 7.41 (1H, dJ = 8.8 Hz), 7.36-7.34 (2H, m), 6.80 (1H, s),
6.67 (1H, s), 5.38 (1H, s), 3.96 (3H, s), 3.90 (31237 (3H,
s). ®C NMR (150 MHz, CDGCJ) 5 154.3, 146.7, 141.4, 133.5,
129.5, 129.2, 128.9, 127.9, 126.4, 125.3, 124.8.6,2122.2,
120.5, 113.9, 111.2, 57.0, 55.9, 21.2. HRMS (EShnjz

calculated for [(GH,s05)H]* 295.1329 found 295.1338. 3.,5"-dimethoxy-2,3 5-trimethyl-[1,1"-biphenyl-4-diol]

(17). White solid, 183-185 °C, 30.0 mg, 52% yieldH NMR
(400 MHz, CDC}) 5 6.90 (1H, s), 6.48 (2H, s), 5.50 (1H, s), 4.69
(1H, s), 3.89 (6H, s), 2.27 (3H, s), 2.25 (3H, s), 438, s).°C
NMR (150 MHz, CDC}) 5 151.1, 146.5, 134.8, 133.9, 133.3,
133.0, 129.2, 122.3, 119.7, 106.4, 56.30, 56.28},115.8, 12.3.
IR vmas (film): 3491, 2937, 2843, 1607, 1405, 1206, 10&7'c

Hz). 7.40-7.30 (2H, m), 6.79 (1H, S, 6.75 (1M, S)63@H, S), HRMS (ESI+)m/zcalculated for [(&H,0,)H]" 289.1434 found

2.72 (6H, s), 2.36 (3H, s)°C NMR (150 MHz, CDGJ) 5 149.7, 289.1449.

146.8, 142.0, 133.6, 130.9, 129.0, 128.8, 128.7,.8,2126.3, 5-(tert-butyl)-3',5'-dimethoxy-[1,1'-biphenyl]-2;diol

126.1, 125.3, 124.4, 117.7, 111.7, 56.0, 43.8,. AR 3, (film):  (18).°°30.2 mg, 50% yield*H NMR (400 MHz, CDCJ) & 7.30-

3526, 3424, 3057, 2933, 2843, 2786, 1595'chiRMS (ESI+)  7.28 (1H, m), 7.23 (1H, d}= 6.0 Hz), 6.94 (1H, d] = 12.0 Hz),

m/zcalculated for [(GH»NO,)H]* 308.1645 found 308.1655. 6.67 (2H, s), 5.60 (1H, s), 5.19 (1H, s), 3.93 (6H134 (9H, s).
¥C NMR (150 MHz, CDCJ) 5 150.1, 147.6, 143.4, 134.4, 128.4,
127.5, 126.8, 126.0, 115.1, 105.7, 56.37, 56.382,331.6.

3',5-diisopropyl-3-methoxy-5-methyl-[1,1'-biphgrg}4'- HRMS (ESI+)m/zcalculated for [(GH»0,)H]" 303.1591 found

diol (12). Brown oil, 6.5 mg, 8% vyield'H NMR (400 MHz,  303.1589.

CDCl) & 7.32-7.30 (4H, m), 7.27-7.23 (6H, m), 6.82 (2HJ &

8.0 Hz), 6.77 (2H, dJ = 8.0 Hz), 6.68 (1H, s), 6.66 (1H, S), 4.60

(4H, s), 3.85 (3H, s), 2.32 (3H, $JC NMR (150 MHz, CDG)) & 3' 5'-dimethoxy-3,5-dimethyl-[1,1"-biphenyl]-2,46H(19).*

150.5, 148.9, 145.3, 144.6, 138.8, 133.2, 128.6.812121.1, 35.1 mg, 64% vyield*H NMR (400 MHz, CDCJ) & 6.95 (1H, s),

119.1, 119.0, 113.9, 113.5, 56.0, 54.9, 21.2vJR (film): 2922,  6.87 (1H, s), 6.65 (2H, S), 5.58 (1H, S), 5.22 (1H392 (6H, s),

2849, 1503, 1267, 1224, 956 ¢nHRMS (ESI+)m/zcalculated  2.29 (3H, s), 2.28 (3H, sJ°C NMR (150 MHz, CDG)) & 148.3,

for [(CasHaNO,)H] " 410.2115 found 410.2113. 147.6, 134.3, 131.0, 129.2, 128.3, 127.8, 127.4,.312105.6,
56.4, 20.4, 16.2. HRMS (ESIf)/zcalculated for [(GH1s0,)H]"
275.1278 found 275.1275.

2-(2-(dimethylamino)naphthalen-1-yl)-6-methoxy-4-
methylphenoli1). Brown oil, 20.9 mg, 34% yield*H NMR (400
MHz, CDCkL) & 8.61 (1H, br s), 7.88 (1H, d,= 8.8 Hz), 7.81
(1H, d,J=6.4 Hz), 7.80 (1H, d] = 6.4 Hz), 7.45 (1H, d] = 8.8

2',3,4' 5'-tetramethoxy-5-methyl-[1,1"-biphenylpR- (13).**
29.2 mg, 48% vyield*H NMR (600 MHz, CDCJ) & 6.85 (1H, s),
6.71 (1H, dJ = 1.8 Hz), 6.69 (1H, m), 6.65 (1H, s), 5.99 (1H, s),  3-(4-hydroxy-3,5-dimethoxyphenyl)-5,6,7,8-
3.94 (3H, s), 3.91 (3H, s), 3.86 (3H, s), 3.81 (3H293(3H, s).  tetrahydronaphthalen-2-o20).** 31.8 mg, 53% vyield'H NMR
HRMS (ESI+)m/zcalculated for [(GHOs)H]* 305.1384 found (400 MHz, CDC}) 5 6.93 (1H, s), 6.71 (1H, s), 6.65 (2H, s), 5.56
305.1380. (1H, s), 5.09 (1H, s), 3.91 (6H, s), 2.27 (4HJ ¢ 16.0 Hz), 1.80

13
4-(2-(dimethylamino)naphthalen-1-yi)-2 6-dimethyiptie o ", 15 NYR (190 Mittz, CDC) 0 150.0, 147> 2382
(14).5" 47.2 mg, 81% vyield*H NMR (400 MHz, CDCJ) 5 7.78 203 285 234 231 HRMS ’(ESI%’/Z cai?ﬁgted tor
(2H,1,0= 8.0 Hz), 7.55 (1H, )= 8.0 Hz), 7.42 (IH, 1= 8.0 ooy 20> 24 231

Hz). 7.35-7.27 (2H, m), 6.98 (2H, 5), 4.66 (1H, 5)22(6H, 5),  [(CreHad0)H]" 301.1434 found 301.1430.
2.32 (6H, 5)C NMR (125 MHz, CDGJ) 3 150.9, 148.9, 134.1,
131.2, 130.8, 130.2, 129.7, 128.0, 127.6, 125.5.5,2123.5,
122.6, 119.6, 44.2, 16.1. HRMS (ESIH)/z calculated for
[(CaoH2:NOYH]* 292.1696 found 292.1721.

3-methoxy-2',3',5,5'-tetramethyl-[1,1'-biphenyli2diol
(21). White solid, m.p: 165-167 °C. 13.6 mg, 25% yieltl
NMR (400 MHz, CDC}) 5 6.87 (1H, s), 6.70 (1H, s), 6.56 (1H,
s), 5.40 (1H, s), 4.67 (1H, s), 3.92 (3H, s), 2.32,(8), 2.24 (6H,
s), 2.08 (3H, s)®*C NMR (150 MHz, CDG)) & 151.5, 146.2,
1405, 134.2, 129.5, 129.3, 128.7, 128.4, 123.€.112119.9,
110.4, 56.0, 21.1, 17.0, 15.8, 12.3. VR (film): 3401, 2921,
='8.0 Hz), 7.36 (2H, dl = 8.0 Hz), 7.04 (2H, d] = 8.0 Hy), 6.72 2857, 1463, 1216, 1088 EmHRMS (ESI+)m/z calculated for

(2H, d.J = 8.0 Hz). 2.94 (6H, 5), 2.29 (3H, $C NMR (150  L(CrHa009H]" 273.1485 found 273.1494.
MHz, CDCk) 6 156.2, 130.6, 129.9, 129.3, 127.6, 126.4, 125.4,

123.6,121.3, 119.2, 114.8, 42.8, 20.6vIR (film): 2917, 2848,
2789, 1598, 1500, 1373, 1228, 1211, 1165, 1074, 889 cnf.
HRMS (ESI+) m/z calculated for [(GHsNO)H]" 278.1539
found 278.1536.

2-(2-(dimethylamino)naphthalen-1-yl)-4-methylphendl5).
Yellow oil, 16.7 mg, 30% vyield"H NMR (400 MHz, CDC)) &
7.85 (1H, dJ = 8.0 Hz), 7.80 (1H, dJ = 8.0 Hz), 7.71 (1H, d]

3',5'-diisopropyl-3-methoxy-5-methyl-[1,1'-biphdr3/}4'-
diol (22). Yellow amorphous solid, 15.7 mg, 25% yieldh NMR
(400 MHz, CDC}) 8 7.28 (2H, s), 6.75 (1H, s), 6.67 (1H, s), 5.62
(1H, s), 4.82 (1H, s), 3.92 (3H, s), 3.22-3.18 (2H, 234 (3H,
s), 1.32 (6H, s), 1.30 (6H, sY¥C NMR (125 MHz, CDCJ)) &
149.3, 146.6, 140.3, 133.3, 129.8, 128.9, 128.@.5,2122.8,
110.2, 56.1, 27.3, 22.8, 21.1. Ry (film): 3533, 2960, 2936,



2869, 1463, 1271, 1196 EmHRMS (ESI+)m/z calculated for
[(CoH2603)H] ™ 315.1955 found 315.1955.

3',5'-di-tert-butyl-3-methoxy-5-methyl-[1,1'-biphy#r2,4'-
diol (23).'° 32.8 mg, 48% yield*H NMR (400 MHz, CDCJ) &
7.40 (2H, s), 6.75 (1H, s), 6.67 (1H, s), 5.62 (1H593 (1H, s),
3.92 (3H, s), 2.34 (3H, s), 1.48 (18H, §C NMR (150 MHz,
CDCly) 6 153.2, 146.6, 140.2, 135.5, 128.9, 128.6, 1288,0,
122.9,110.1, 56.1, 34.4, 30.4, 21.2. HRMS (ES®Mcalculated
for [(C,HagOs)H] " 343.2268 found 343.2262.

3-methoxy-3',5,5'-trimethyl-[1,1'-biphenyl]-2,4'edi  (24).
Yellow amorphous solid, 15.5 mg, 30% yieftH NMR (400

J = 1.2 Hz), 2.34 (3H, s), 1.80 (4H, SfC NMR (150 MHz,
CDCly) & 151.1, 146.3, 139.3, 138.5, 131.1, 130.4, 12%2,0,
123.9, 122.9, 117.6, 110.8, 56.1, 29.2, 28.6, 2833%, 21.2. IR
Vmas (film): 3353, 2923, 2854, 1490, 1413, 1296, 1094™'c
HRMS (ESI+)m/zcalculated for [(GH2Os)H] " 285.1485 found
285.1496.

1-(3-(tert-Butyl)-2-hydroxy-5-methoxyphenyl)najatiéim-2-
ol (30)." 41.9 mg, 65% yield'H NMR (400 MHz, CDCJ) &
7.90 (1H, dJ = 8.8 Hz), 7.86 (1H, d] = 8.0 Hz), 7.45-7.37 (3H,
m), 7.33 (1H, dJ = 8.8 Hz), 7.08 (1H, s), 6.64 (1H, s), 5.35 (1H,
s), 4.71 (1H, s), 3.77 (3H, s), 1.46 (9H, ST NMR (150 MHz,
CDCly) & 153.4, 152.0, 146.9, 139.1, 133.0, 131.0, 1223,3],
127.4,124.2,123.9,119.2, 117.6, 115.9, 114.2, B5.7, 35.2,

MHz, CDCL) 5 7.21 (2H, s), 6.73 (1H, s), 6.66 (1H, s), 5.62 (1H,29.4. HRMS (ESI+)m/z calculated for [(GH,,05)H]" 323.1642

s), 4.64 (1H, s), 3.91 (3H, s), 2.33 (3H, s), 2.30 H-’C NMR

(150 MHz, CDC}) & 151.5, 146.5, 140.3, 129.7, 129.4, 128.9,

127.3, 122.8, 122.7, 110.2, 56.1, 21.1, 16.0v,R (film): 3502,
2919, 2853, 1484, 1276, 1122, 809 tnHRMS (ESI+) m/z
calculated for [(GH1505)H]" 259.1329 found 259.1336.

3-(tert-butyl)-3',5'-diisopropyl-5-methoxy-[1, lighenyl]-
2,4'-diol (25). Brown oil, 33.5 mg, 47% yield'H NMR (400

found 323.1635.

1-(4-hydroxy-3,5-dimethoxyphenyl)naphthalen-2-a81).¢**
49.1 mg, 83% yield'H NMR (400 MHz, CDC}) 5 7.82 (2H, d,)
= 8.0 Hz), 7.49 (1H, d] = 8.0 Hz), 7.38-7.34 (2H, m), 7.28 (1H,
d,J = 8.0 Hz), 6.64 (2H, s), 5.69 (1H, s), 5.33 (1H, SY0I6H,
s). ®C NMR (150 MHz, CDGJ)) & 150.3, 147.9, 134.6, 133.5,
129.5, 128.8, 128.0, 126.5, 124.63, 124.60, 12R3,0, 117.2,

MHz, CDCL) 3 7.12 (2H, ), 6.89 (1H, s), 6.64 (1H, s), 5.22 (1H,107.4, 56.39, 56.37, 53.5. HRMS (ESI#)/z calculated for

s), 4.92 (1H, s), 3.79 (3H, s), 3.22-3.15 (2H, m)41(@H, s),
1.31 (6H, s), 1.29 (6H, s)’C NMR (150 MHz, CDG)) 5 152.4,
149.9, 145.3, 137.2, 134.8, 129.4, 129.3, 124.B.21111.9,
55.8, 35.1, 29.5, 27.3, 22.7. R (film): 3537, 2961, 2872,
1467, 1430, 1198, 1158, 1053, 769 tnHRMS (ESI+) m/z
calculated for [(GH3,05)H]" 357.2424 found 357.2417.

3-(tert-butyl)-3',5'-diisopropyl-5-methoxy-[1, lighenyl]-

2,4'-diol (26). ** 24.6 mg, 41% yield'H NMR (400 MHz,
CDCly) 6 7.06 (2H, s), 6.87 (1H, d,= 3.6 Hz), 6.59 (1H, d] =
3.6 Hz), 5.18 (1H, s), 4.73 (1H, s), 3.77 (3H, sR.R1 (6H, s),
1.43 (9H, s)*C NMR (150 MHz, CDCJ) 5 152.4, 152.1, 145.2,
137.3, 129.6, 129.0, 128.7, 124.1, 113.4, 111.5/,5%.1, 29.5,
16.0. HRMS (ESI+)n/z calculated for [(GH,,03)H]" 301.1798
found 301.1807.

3',5'-dimethoxy-4,5-dimethyl-[1,1"-biphenyl]-2,46H(27).*°
35.6 mg, 65% yield*H NMR (600 MHz, CDCJ)  6.99 (LH, s),
6.80 (1H, s), 6.64 (2H, s), 5.58 (1H, ), 5.13 (1H391 (6H, s),
2.26 (3H, s), 2.23 (3H, s). HRMS (ESIH)/z calculated for
[(C1eH1d0)H]" 275.1278 found 275.1274.

3'5'-dimethoxy-5-methyl-[1,1'-biphenyl]-2,4'-diol (28).**
26.0 mg, 50% yield"H NMR (400 MHz, CDC)) 3 7.06 (1H, dd,
J=178, 1.8 Hz), 7.03 (1H, d = 1.8 Hz), 6.89 (1H, dJ = 6.0
Hz), 6.65 (2H, s), 5.60 (1H, s), 5.19 (1H, s), 3.91 (6H4,2.32
(3H, s). *C NMR (150 MHz, CDG)) & 150.2, 147.6, 134.4,
130.4, 129.9, 129.5, 128.0, 127.9, 115.4, 105.638656.37,
20.5. HRMS (ESI+)m/z calculated for [(GH1c0)H]" 261.1121
found 261.1124.

1-(2-hydroxy-3-methoxy-5-methylphenyl)-5,6,7,8-
tetrahydronaphthalen-2-0120). Colorless oil, 11.9 mg, 21%
yield. '"H NMR (400 MHz, CDCJ) 6 6.99 (1H, s), 6.77 (1H, s),
6.75 (1H, s), 6.72 (1H, s ), 6.10 (2H, s), 3.94 (3H2s)7 (4H, d,

[(C1gH1604)H] " 297.1121 found 297.1120.

6-Bromo-1-(4-hydroxy-3,5-dimethoxyphenyl) naphth&e
ol (32).1* 42.0 mg, 56% yield'H NMR (400 MHz, CDCJ) &
7.96 (1H, s), 7.72 (1H, d,= 12.0 Hz), 7.43 (1H, d] = 8.0 Hz),
7.35 (1H, dJ = 8.0 Hz), 7.29 (1H, d] = 12.0 Hz), 6.60 (2H, s),
5.70 (1H, s), 5.33 (1H, s), 3.90 (6H, $C NMR (150 MHz,
CDCl;) & 150.6, 148.0, 134.9, 132.0, 129.92, 129.87, 129.7,
128.5, 126.6, 123.9, 121.2, 118.3, 117.1, 107.24%5656.41.
HRMS (ESI+) m/z calculated for [(GHsBrO)H]" 375.0226
found 375.0211.

2,3',4,5'-tetramethoxy-[1,1'-biphenyl]-3,4"-diol 34).'* 27.5
mg, 45% yield."H NMR (400 MHz, CDCJ) & 6.85 (1H, dJ =
8.0 Hz), 6.80 (2H, s), 6.73 (1H, 8= 8.0 Hz), 5.72 (1H, s), 5.53
(1H, s), 3.94 (3H, s), 3.92 (6H, s), 3.58 (3H,"8: NMR (150
MHz, CDCL) & 146.84, 146.82, 1445, 138.7, 133.8, 129.2,
127.9120.2, 106.9, 105.6, 60.5, 56.32, 56.27. HRESI€) m/z
calculated for [(GH1506)H]" 307.1176 found 307.1164.
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