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Conversion of substituted cyclohexenones into the corre-
sponding phenols can be achieved using copper acetate as
the catalyst in the presence of LiBr and CF;COOH under

oxygen. With the use of excess LiBr, electrophilic aromatic
bromination afforded the corresponding bromophenol under
similar catalytic conditions.

Introduction

Phenols are an important class of compounds with many
uses; these include, but are not limited to, pharmaceuticals,
herbicides, electronic materials, and polymeric materials. In-
dustrial-scale production of phenols involves the partial
oxidation of cumene followed by rearrangement chemis-
try.l! Electrophilic aromatic substitution provides a useful
way to introduce substituents on the ring. However, the
strong directing effect of the hydroxy group limits this par-
ticular approach. Other traditional synthetic approaches
leading to substituted phenols are also available, but draw-
backs such as multi-step procedures, isomeric products,
limitations of substrate scope and severe reaction condi-
tions restrict the application of these methods.'?! Many
complementary approaches leading to substituted phenols
make use of transition-metal catalysts for cross-coupling
and C-H functionalization chemistries.[>*!

Recently, catalytic dehydrogenation of carbocyclic com-
pounds such as cyclohexanones and cyclohexenones to gen-
erate substituted phenol derivatives has received much at-
tention because of a broad substrate scope.’~7! Stahl and
co-workers reported that various cyclohexanones/cyclo-
hexenones can be converted into phenols by Pd-catalysed
dehydrogenation under oxygen.l! Instead of dehydrogen-
ation, Moriuchi et al. reported a vanadium-catalysed oxi-
dative aromatization of 2-cyclohexenones leading to phenol
products with BuyNBr or concentrated HBr as promoters.®!
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Despite these synthetic advances, there remains a strong
need for efficient, easy-to-carry-out, and catalytic methods
for converting cyclohexenones to phenols, particularly those
bearing various substituents. It has been disclosed by
Bondon et al. that treatment of cyclohexenone with CuBr,
and LiBr gave the corresponding phenol in good yields
(Scheme 1).’ However, this method calls for the use of stoi-
chiometric amounts of copper salt thereby rendering the
approach non-catalytic. Inspired by this work, we set out
to study this reaction under catalytic conditions and also to
expand the reaction scope. Since copper salts are excellent
metal catalysts for aerobic oxidative halogenations,!'% we
report here our investigation into the Cu''-catalysed aroma-
tization of cyclohexenone by bromination/elimination fol-
lowed by bromination leading to bromophenols in the pres-
ence of LiBr.

(o} OH
A
+2CuBry + LiBr —>
R R
R=H, Me

Scheme 1. Aromatization of cyclohexenones to phenols.

Results and Discussion

Initially, oxidative aromatization of 2-cyclohexenone cat-
alysed by various copper complexes in the presence of LiBr
under atmospheric pressure of O, at 80 °C was examined
to identify ideal catalytic conditions (Scheme 2); results are

LiBr, Cu(OAc), (4 mol- %) O
<j>:o CF2COOH/CH,CN

A
Scheme 2. Conversion of cyclohexenone into phenol catalysed by
Cull,
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Table 1. Aromatization of 2-cyclohexenone leading to phenol cata-
lyzed by various copper salts.[4]

Entry  Copper salt Ligand® Yieldl® [%]
1 _ _ _
2 CuBr, - 73
3 CuBr - 58
4 Cul - 39
5 Cu(OAc), - 91
6 CuBr 2,2"-bipyridine 39
7 Cu(OAc), 2,2'-bipyridine S1
8 CuBr MezN(CHz);}NMCZ 73
9 CU(OAC)Z MezN(CHz);}NMCZ 77
10 Cu(OAc), 2-aminopyridine 23
11041 Cu(OAc), trace
126l Cu(OAc), 57
[a] Reaction conditions: 2-cyclohexenone (0.6 mmol), LiBr

(0.3 mmol) and copper salt (0.024 mmol) in CF;COOH/CH;CN
(0.4mL/0.8mL) at 80°C wunder O, (latm) for 10h.
[6] 0.024 mmol. [c] Yield of phenol based on NMR integration.
[d] Reaction performed under nitrogen. [e] Reaction performed in
air.

summarized in Table 1. It was noticed that the reaction did
not proceed without the copper catalyst, indicating the ne-
cessity of metal ions (Table 1, Entry 1). Screening revealed
that a number of copper ions did catalyse the reaction, al-
though it was the use of Cu(OAc), that enabled optimum
production of phenol (Table 1, Entry 5). On the other hand,
reactions using ligands such as tetramethylethylenediamine
or bipyridine did not proceed well (Table 1, Entries 6-9).
Additionally, only trace amounts of product could be ob-
tained when carrying out the reaction under nitrogen
(Table 1, Entry 11).

Table 2. Optimal reaction conditions for catalysis.[?!

Entry Solvent Bromide Yield™ [%)]
(mL) (mmol) Phenol p-BrC¢H,OH

1 CH,CN (1.2)  LiBr (0.3) 0 0

2 CH,CN (0.8)  LiBr(0.3) 91 trace
CF;COOH (0.4)

3 CH:CN (0.8)  KBr (0.3) 53 0
CF;COOH (0.4)

4 CH,CN (0.8)  MgBr, (0.3) 50 9%
CF;COOH (0.4)

5 CH:CN (0.4)  LiBr(0.3) 40 0
CF;COOH (0.8)

6 CH:CN (0.8)  KBr (0.3) 0 0
CH;COOH (0.4)

7 THF (0.8) LiBr (0.3) 68 trace
CF;COOH (0.4)

8 THF (0.8) LiBr (1.8) 45 12%
CF;CO,H (0.4)

9 CH:CN (0.8)  LiBr (0.3) 0 0

EGN (0.4)

10 CH,CN (0.8)  LiBr (1.8) 6 90%
CF;CO,H (0.4)

11 CHCN (0.8) Lil (0.3) je
CF,COOH (0.4)

12 CH,CN (0.8)  LiCl1(0.3)  NRM

CF;COOH (0.4)

[a] Reaction conditions: 2-cyclohexenone (0.6 mmol), LiBr and
Cu(OAc), (0.024 mmol) in solvent at 80 °C under O, (1 atm) for
10 h. [b] Based on NMR integration. [c] No desired product. [d] No
reaction.
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Further efforts were then focused on optimizing the reac-
tion conditions with a particular emphasis on solvent and
salt effects. We found that Cu(OAc), played a crucial role
in the presence of trifluoroacetic acid but not acetic acid
(Table 2, Entries 2 vs. 6). Moreover, the amount of acid em-
ployed had a dramatic impact on the production of the de-
sired product (Table 2, Entry 5), suggesting that the acid
strength can influence the catalytic reaction. When the reac-
tion was carried out under basic or neutral conditions
(Table 2, Entries 1 and 9), cyclohexenone was recovered
quantitatively indicating complete failure of the reaction to
proceed. Notably, the effects of various bromide salts on
the phenol yields were investigated with lithium affording
the best outcome (Table 2, Entries 2-4). It was noticed that
this catalytic reaction provided p-bromophenol exclusively
upon use of 300 mol-% LiBr with all other conditions sim-
ilar to those previously identified as ideal with respect to
other variables (Table 2, Entry 10). Presumably, this bromi-
nated product results from electrophilic aromatic substitu-
tion under Cu-catalyzed conditions.''! A significant feature
of this chemistry is that bromination of phenol can be con-
trolled by manipulation of the reaction conditions. The ap-
plication of larger amounts of LiBr in this catalytic trans-
formation assists in further bromination of the aromatic
ring.

Subsequently, the generality of the reaction with other
cyclohexenes under the optimized conditions was explored
(Table 3). We were pleased to find that various substituted
cyclohexenones reacted smoothly to give the desired phen-
ols or bromophenols in good to excellent yields. With the
use of 300 mol-% LiBr, 3,5-diphenylcyclohexenone (1) was
converted into the corresponding bromophenol in 65%
yield (Table 3, Entry 1), whereas phenol 1b was obtained in
64% yield when using less LiBr and a higher loading of
Cu(OAc), (20 mol-%). The catalytic oxidative aromatiza-
tion was also effectively performed on a series of 3,4,5-tri-
substituted cyclohexenes to yield the corresponding phenols
(Table 3, Entries 3—-12). Again, non-brominated phenols can
be obtained in good yields when using 50 mol-% LiBr. The
typical conditions for aromatization followed by bromina-
tion of 2-5 did not afford any selective monohalogenation
product. However, dibrominated phenols 2a-5a were ob-
tained in excellent yields when 400 mol-% LiBr was used.
Compound 7, containing a thiophenyl substituent, under-
went aromatization smoothly to give 7b in 79% yield
(Table 3, Entry 11). It was noticed that electrophilic bromi-
nation does not take place on the thiophene ring. Under
similar catalytic conditions, treatment of carvone with
300 mol-% LiBr gave 4-bromo-5-isopropyl-2-methylphenol
(10a) in 97% yield. Apparently, the double bond of the pro-
penyl group in 10 was isomerized during the aromatization.
Both 3-ethoxycyclohexenone (11) and cyclohexane-1,3-di-
one (12) were converted into tribromoresorcinol (11a) in
excellent yields. (Table 3, Entries 16 and 17). In addition,
1,4-cyclohexanedione was converted into bromo-1,4-
benzenediol (13a) in 88% yield (Table 3, Entry 18).

It should be noted that this catalytic system could be
successfully applied to a gram-scale reaction for the aroma-
3257
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Table 3. Aromatization of substituted 2-cyclohexenones.[!

Table 3. ( Continued)

LiB: ; LiB: ;
Entry Substrate [m(;l-‘;) ] Product (yield [%)]) Entry Substrate [m(;l-gA) ] Product (yield [%)])
Ph Br, Ph
R e Ty ) \ T
Ph Ph 45 9b (46)
1 1a (65)
Ph o @
151 300
2 1 50 be
Ph 10 10a (97)
1b (64)
Br, OEt ; S
3 O:C§—C02Me 400 HO CO,Me 16 O@ 400
Br’ Ph u lla 87)
2a (91) o)
17 400 11a (89
HO CO,Me O:<:/§ n(E
4 2 50 12
Ph
2b (58)
Br 18 °:<:>=° 100 O
0 COMe B 13a 89
a
5 2 400 HO CO,Me I
CsH4 NO,-p Br CeH4-NO,-p
3a (90) 19[01 O 300 HO Br
Br Br
5 3 50 HO CO,Me 14 14a (96)
CeHsNOyp [a] Reaction conditions: 2-cyclohexenone (0.6 mmol), LiBr and
3 (668)4 2 copper salt (0.024 mmol) in CF;COOH/CH;CN (0.4 mL/0.8 mL)
Br at 80 °C under O, (1 atm) for 10 h. [b] Isolated yields. [c] Reaction
performed on gram-scale.
o CO,M
7 olVie 400 HO CO,Me
CgHy-OMe-p Br CgHy-OMe-p tization and halogenation of carvone to afford 10a. Thus, a
Br. e mixture of carvone (1 g), 4 mol-% Cu(OAc), and 300 mol-
% of LiBr in CF;COOH (2 g)/CH;CN (4 g) was heated at
gl e cosMe 400 HO CO,Me 80 °C under O, (1 atm) overnight; compound 10a was iso-
CeH4-Cl-p B’  CeHsClp lated almost quantitatively.
5a(97) This aromatization methodology was found to not apply
B, to cyclohexanone. Under the typical reaction conditions,
o CO,Me HO CO,Me only trace amounts of cyclohexanone were converted into
9 400 2
a-bromocyclohexanone, not the phenol molecule. On the
6 = 6a (93) other hand, copper-catalysed aromatization of 2,3-dibromo-
cyclohexanone was achieved without additional bromide
- & - HO CO,Me ion (Scheme 3). In this reaction, p-bromophenol was ob-
tained as a side product (25%). Apparently, the bromide
6b (70) from the elimination step acts as the bromide source for
halogenation of the aromatic ring. When carrying out this
o CO;Me HO CO,Me reaction in the absence of Cu'! ions, the elimination step
11 s 100 s proceeded very slowly, suggesting that copper ions might
= = also play some role in the aromatization.
7b (79)
Ph (0] no LiBr OH
Br  Cu(OAc), OH, /@
12 CO,Me 50 HO COzMe CF3COOH ©/ Br
5H4-nBu-p CGH4-nBU-p Br CH3CN
8 8b (60) o .
Scheme 3. Aromatization of 2,3-dibromocyclohexanone.
1 0= ; HO—< g—B . . N .
? 20 ' A plausible pathway for this aromatization is shown in
9 92 O1) Scheme 4. Under acidic conditions, the bromide ion is oxid-
3258 WWW.eurjoc.org © 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2014, 3256-3261
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ized to “Br*”, which acts as an electrophile for bromination
of the alkenyl group leading to L% which then undergoes
elimination of HBr followed by tautomerization to yield the
phenol product. Meanwhile, the reduced Cu' species is re-
oxidized by O, to generate Cu'’. Subsequently, the electro-
philic aromatic bromination might take place under the re-
action conditions leading to bromophenols.

cu' Br-
02< +
cu

"BT+" O HBr OH OH
i‘ X Bt X

| — || —+Br
2 /P

Q /B N B
R—
R | Br R R
|

Scheme 4. Possible reaction pathway for the aromatization.

Conclusions

A protocol has been developed for the aromatization of
cyclohexenones in the presence of LiBr by a Cu''-catalysed
aerobic bromination followed by elimination under acidic
conditions. The advantages of this method are (i) the gene-
ral applicability to various cyclohexenes leading to high
product yields, (ii) copper acetate as catalyst, and (iii) mild
reaction conditions. Furthermore, the corresponding
bromophenols can be readily obtained when using large
amounts of bromide sources. This catalytic system can be
applied to gram-scale reactions making it an attractive and
useful methodology for organic synthesis.

Experimental Section

General: All catalytic reactions were carried out in a sealed high-
pressure tube. Chemicals were purchased from the suppliers and
used without further purification, unless otherwise noted. All com-
pounds were characterized by 'H, '3*C NMR and mass spectra.
NMR spectra were recorded in CDCl; or [Dglacetone. Chemical
shifts are given in ppm relative to Me,Si for 'H and '*C. Com-
pounds 11?2 and 2-6!'?"! were prepared according to reported pro-
cedures. Compounds 9-12 were obtained from commercial sources,
and used without further purification.

Preparation of Compound 7: Piperidine (2 mmol, 40 mol-%) was
added to a solution of 2-thiophenecarbaldehyde (5 mmol) and
methyl acetoacetate (10 mmol) in EtOH (8 mL). The resulting mix-
ture was stirred at 80 °C for 6 h. The reaction mixture was then
quenched with aqueous NH4CI solution, extracted with diethyl
ether, and washed with water/brine. The organic layer was dried
with anhydrous MgSQO,. The solution was concentrated by rotary
evaporation, and the residue was chromatographed on silica gel
(mixture of EtOAc/hexane) to give product 7 as a yellow liquid. "H
NMR (400 MHz, CDCls; diastereomers): 0 = 7.16-7.105 (m, 1 H),
6.91-6.78 (m, 2 H), 6.00 (m, 1 H, olefinic H), 3.98-3.78 (m, 1 H),
3.65 (s, 2 H, OCHs;), 3.52-3.25 (m, 1 H), 3.49 (s, 1 H, OCHy),
2.85-2.57 (m, 2 H), 1.97 (m, , 3 H, olefinic CH;) ppm. '*C NMR
(100 MHz, CDCl;): 0 = 197.55, 196.21, 171.21, 169.85, 155.48,
155.22, 144.62, 143.42, 128.50, 128.39, 126.72, 124.59, 124.27,
124.15, 124.04, 54.70, 53.62, 52.33, 52.18, 42.70, 38.88, 38.76,
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37.88, 23.16, 22.82 ppm. HRMS-ESI (TOF): caled. for C;3H,505S
[M + HJ* 251.0742, found 251.0735. C;3H,405S (250.31): caled. C
62.38, H 5.64; found C 62.11, H 5.38.

Preparation of Compound 8: The procedure was similar to that used
to generate 7. Viscous yellow liquid. "H NMR (400 MHz, CDCls):
0 =747 (d, J = 8.0Hz, 2 H), 7.37-7.26 (m, 5 H), 7.21 (d, J =
8.0 Hz, 2 H), 6.50 (d, J = 2.4 Hz, 1 H, olefinic H), 3.46 (m, 1 H),
3.07 (m, 1 H), 2.92 (m, 1 H), 2.74 (m, 2 H), 2.63 (t, J/ = 7.6 Hz, 2
H), 1.62 (m, 2 H), 1.38 (m, 2 H), 0.93 (t, J = 7.6 Hz, 3 H) ppm.
13C NMR (100 MHz, CDCly): 6 = 199.22, 158.61, 145.57, 143.27,
135.47, 128.83, 128.76, 126.99, 126.74, 126.09, 124.27, 43.90, 40.96,
36.15, 35.34, 33.29, 22.25, 13.84 ppm. HRMS-ESI (TOF): calcd.
for C,,H,s0 [M + H]" 305.1905, found 305.1906. C,,H,,O
(304.43): calcd. C 86.80, H 7.95; found C 86.48, H 7.63.

General Procedure for the Catalysis: A mixture of substrate
(0.6 mmol), Cu(OAc), (2.4x102mmol), LiBr in a solution of
CF;COOH (0.4 mL) and CH;CN (0.8 mL) was loaded in a 15 mL
reaction tube. The reaction vessel was flushed with O, and the mix-
ture heated to 80 °C for a period of time. After cooling to room
temp., the reaction mixture was poured into a saturated NaCl solu-
tion, extracted with CH,Cl, and dried with anhydrous MgSO,. Af-
ter removal of the solvents, the residue was chromatographed on
silica gel. All products were characterized by spectroscopic meth-
ods and analysis. All characterization data are summarized in the
Supporting Information.

2-Bromo-3,5-biphenylphenol (1a):l'3! Yield 126.8 mg (65%). 'H
NMR (400 MHz, CDCly): 6 = 7.59-7.57 (m, 2 H), 7.44-7.39 (m, 7
H), 7.36-7.35 (m, 1 H), 7.27 (d, J = 2.0 Hz, 1 H), 7.14 (d, J =
20Hz 1 H), 5.85 (br, 1 H, OH) ppm. '*C NMR (100 MHz,
CDCly): 0 = 152.76, 143.47, 141.62, 140.81, 139.57, 129.16, 128.96,
128.80, 128.30, 128.04, 127.81, 127.78, 126.94, 121.83, 113.10,
110.21 ppm. ESI-HRMS (TOF): calcd. for C,;gH;>”°Br(®'Br)O [M —
H] 323.0072 (325.0051), found 323.0071 (325.0035).

3,5-Biphenylphenol (1b): Yield 96 mg (64%). '"H NMR (400 MHz,
CDCl;): 0 = 7.60 (dd, J = 7.6, 1.2 Hz, 4 H), 7.44-7.32 (m, 7 H),
7.02 (d, J = 1.2 Hz, 2 H), 5.11 (br,, 1 H, OH) ppm. *C NMR
(400 MHz, CDCl3): 6 = 156.13, 143.31, 140.68, 128.69, 127.52,
127.11, 118.86, 112.97 ppm. ESI-HRMS (TOF): calcd. for
CgH;30 [M — H] 245.0966, found 245.0972. C;gH 40 (246.31):
caled. C 87.78, H 5.73; found C 87.48, H 5.37.

Methyl 3,5-Dibromo-4-hydroxy-2-methyl-6-phenylbenzoate (2a):
Yield 218.4 mg (91%), white solid, m.p. 142-143°C. 'H NMR
(400 MHz, CDCly): 6 = 7.41-7.23 (m, 5 H), 5.01 (br., 1 H, OH),
3.44 (s, 3 H, OCHj3), 2.42 (s, 3 H, CH3) ppm. '3C NMR (400 MHz,
CDCl;): 0 = 168.36, 150.32, 140.15, 138.47, 135.18, 129.09, 129.02,
128.22, 128.01, 112.29, 109.25, 52.13, 20.78 ppm. ESI-HRMS
(TOF): caled. for C;sH,;”Br,O; [M — HJ 396.9075, found
396.9080. CysH,Br,O3 (400.07): caled. C 45.03, H 3.02; found C
44.86, H 2.87.

Methyl 4-Hydroxy-2-methyl-6-phenylbenzoate (2b): Yield 84.3 mg
(58%). 'TH NMR (400 MHz, CDCls): § = 7.33-7.25 (m, 5 H), 6.61
(s, 2 H), 6.09 (br., 1 H, OH), 3.49 (s, 3 H, OCH3), 2.31 (s, 3 H,
CH;) ppm. 3C NMR (400 MHz, CDCl;): § = 170.64, 156.43,
142.59, 140.80, 138.15, 128.15, 127.85, 127.30, 125.31, 115.96,
114.18, 51.73, 19.87 ppm. ESI-HRMS (TOF): caled. for C;sH ;505
[M — H] 241.0865, found 241.0868. C;sH;405 (242.27): caled. C
74.36, H 5.82; found C 74.01, H 5.48.

Methyl 3,5-Dibromo-4-hydroxy-2-methyl-6-(p-nitrophenyl)benzoate
(3a): Yield 240.3 mg (90 %), light yellow solid, m.p. 150-151 °C. 'H
NMR (400 MHz, CDCly): 0 = 8.30 (d, J = 8.4 Hz, 2 H), 7.45 (d,
J=28.4Hz 2 H), 5.09 (br,, 1 H, OH), 3.49 (s, 3 H, OCH3), 2.43 (s,
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3 H, CH;) ppm. '3C NMR (400 MHz, CDCls): 6 = 167.68, 150.64,
147.66, 145.10, 138.01, 135.90, 130.42, 128.98, 123.31, 113.54,
108.19, 52.35, 2091 ppm. ESI-HRMS (TOF): caled. for
CisH¢”Br,NOs [M — H] 441.8926, found 441.8929.
C;5H;Br,NOs (445.06): caled. C 40.48, H 2.49; found C 40.17, H
2.05.

Methyl 3,5-Dibromo-4-hydroxy-2-methyl-6-(p-nitrophenyl)benzoate
(3Bb):" Yield 117.2 mg (68%). '"H NMR (400 MHz, CDCls): 6 =
822 (d, J =8.8Hz, 2 H), 745 (d, J = 8.8 Hz, 2 H), 6.72 (d, J =
2.0Hz, 1 H), 6.62 (d, J = 2.0 Hz, 1 H), 5.43 (br., 1 H, OH), 3.52
(s, 3 H, OCH3), 2.35 (s, 3 H, CH3) ppm. '*C NMR (400 MHz,
CDCl,): 0 = 169.36, 156.33, 147.61, 147.12, 140.46, 139.16, 128.85,
127.57, 123.42, 117.14, 113.99, 51.81, 20.03 ppm. ESI-HRMS
(TOF): caled. for C;sH{,NOs [M — H] 286.0715, found 286.0713.

Methyl 3,5-Dibromo-4-hydroxy-6-(p-methoxyphenyl)-2-methyl-
benzoate (4a): Yield 242.6 mg (94 %), yellow solid, m.p. 126-127 °C.
'"H NMR (400 MHz, CDCls): 6 = 7.12 (d, J = 8.8 Hz, 2 H), 6.89
(d, J=8.8 Hz, 2 H), 3.83 (br., 1 H, OH), 3.80 (s, 3 H, OCH3), 3.44
(s, 3 H, OCH,3), 2.35 (s, 3 H, CH3) ppm. *C NMR (400 MHz,
CDCl,): 0 = 168.36, 159.26, 150.13, 139.70, 134.85, 130.63, 130.25,
129.24, 113.32, 111.95, 109.68, 55.13, 52.08, 20.63 ppm. ESI-
HRMS (TOF): caled. for C;¢H;3”°Br,O4 [M — H] 426.9181, found
426.9184. CiH14Br,04 (430.09): calcd. C 44.68, H 3.28; found C
44.45, H 2.97.

Methyl 3,5-Dibromo-6-(p-chlorophenyl)-4-hydroxy-2-methylbenzo-
ate (5a): Yield 258.1 mg (97%), m.p. 130-131°C. 'H NMR
(400 MHz, CDCl;): 6 = 7.35 (d, J = 84Hz, 2 H), 7.14 (d, J =
8.4 Hz, 2 H), 3.94 (br., 1 H, OH), 3.44 (s, 3 H, OCH3;), 2.35 (s, 3
H, CH;) ppm. '*C NMR (400 MHz, CDCl,): 6 = 168.02, 150.31,
138.79, 136.74, 135.24, 134.25, 130.47, 128.82, 128.24, 112.60,
108.97, 52.17, 20.71 ppm. ESI-HRMS (TOF): caled. for
CisH;¢”Br,ClO; [M -~ H], 430.8685, found 430.8686.
CysHBr,ClOj3 (434.51): caled. C 41.46, H 2.55; found C 41.09, H
2.22.

Methyl 3,5-Dibromo-4-hydroxy-2,6-dimethylbenzoate (6a): Yield
188.6 mg (93%), white solid, m.p. 140-141°C: 'H NMR
(400 MHz, CDCl3): 6 = 6.20 (br., 1 H, OH), 3.92 (s, 3 H, OCHs),
2.33 (s, 6 H, CH3) ppm. *C NMR (400 MHz, CDCls): 6 = 169.18,
150.01, 134.55, 128.66, 110.41, 52.51, 20.72 ppm. ESI-HRMS
(TOF): caled. for C;oHo””Br,O; [M - HJ 334.8918, found
334.8922. CoH,(,Br,03 (338.00): calcd. C 35.54, H 2.98; found C
35.35, H 2.78.

Methyl 4-Hydroxy-2,6-dimethylbenzoate (6b):'>! Yield 75.7 mg
(70%). '"H NMR (400 MHz, CDCl5): 6 = 6.45 (s, 2 H, ArH), 5.37
(br., 1 H, OH), 3.84 (s, 3 H, OCH3), 2.24 (s, 6 H, CH3) ppm. 13C
NMR (400 MHz, CDCly): ¢ = 170.41, 156.23, 137.92, 125.99,
114.76, 114.47, 51.69, 20.06 ppm. ESI-HRMS (TOF): calcd. for
C1oH,,05 [M - H] 179.0708, found 179.0708.

Methyl 4-Hydroxy-2-methyl-6-(thiophen-2-yl)benzoate (7b): Yield
117.7mg (79%), white solid, m.p. 113-114°C. 'H NMR
(400 MHz, CDCl;): 6 = 7.25-7.23 (m, 1 H), 6.97-6.96 (m, 2 H),
6.71 (d, J =24 Hz, 1 H), 6.57 (d, J =24 Hz, 1| H), 6.17 (br,, 1 H,
OH), 3.67 (s, 3 H, OCH3), 2.25 (s, 3 H, CH3) ppm. '*C NMR
(400 MHz, CDCl;): 6 = 170.94, 156.30, 141.64, 137.79, 134.12,
127.31, 125.79, 125.76, 125.54, 116.48, 114.38, 52.22, 19.67 ppm.
ESI-HRMS (TOF): calcd. for C;3H;;03S [M — H] 247.0429, found
247.0428. C3H1,05S (248.30): caled. C 62.88, H 4.87; found C
62.56, H 4.59.

3-(p-Butylphenyl)-5-phenylphenol (8b): Yield 108.9 mg (60%). 'H
NMR (400 MHz, CDCly): 6 = 7.60 (d, J = 6.8 Hz, 2 H), 7.52 (d,
J = 8.4 Hz, 2 H), 7.44-7.34 (m, 4 H), 7.25 (d, J = 8.4 Hz, 2 H),
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7.02 (m, 2 H), 5.17 (br., 1 H, OH), 2.66 (t, J = 7.6 Hz, 2 H), 1.73
(m, 2 H), 1.43 (m, 2 H), 0.96 (t, J = 7.6 Hz, 3 H, CH;) ppm. 1*C
NMR (400 MHz, CDCLy): 6 = 156.07, 143.24, 142.41, 140.77,
137.97, 128.78, 128.68, 127.47, 127.12, 126.94, 118.72, 112.82,
112.72, 35.22, 33.53, 22.32, 13.88 ppm. ESI-HRMS (TOF): caled.
for Ca>H, O [M — H] 301.1592, found 301.1595. Ca,H,,0 (302.42):
caled. C 87.38, H 7.33; found C 87.02, H 7.11.

4-Bromo-3-methylphenol (92):!'%! Yield 108.9 mg (97%). '"H NMR
(400 MHz, CDCl3): 6 = 7.34 (d, J = 8.6 Hz, 1 H, Ar-H), 6.71 (d,
J=29Hz 1 H, Ar-H), 6.54 (dd, J = 2.9, 8.6 Hz, 1 H, Ar-H), 5.13
(br, 1 H, OH), 2.31 (s, 3 H, CHs) ppm. 3C NMR (400 MHz,
CDCly): 0 = 15447, 139.13, 13299, 117.75, 115.46, 114.44,
22.87 ppm. ESI-HRMS (TOF): caled. for C;H¢°BrO [M — H]
184.9608; found 184.9603.

4-Bromo-5-isopropyl-2-methylphenol  (10a):!'71  Yield 133.3 mg
(97%). "H NMR (400 MHz, CDCly): 6 = 7.26 (s, | H, Ar-H), 6.68
(s, 1 H, Ar-H), 4.89 (br., 1 H, OH), 3.30 (m, J = 6.9 Hz, 1 H, CH),
2.17 (s, 3 H, CHs), 1.18 (d, J = 6.9 Hz, 6 H, CHs) ppm. '*C NMR
(400 MHz, CDCls): 0 = 153.18, 146.01, 134.33, 123.23, 114.19,
113.16, 32.49, 22.72, 15.01 ppm. ESI-HRMS (TOF): caled. for
CyoH,»7BrO [M — H] 227.0077, found 227.0074.

2,4,6-Tribromobenzene-1,3-diol (11a):['® Yield 181 mg (87%). 'H
NMR (400 MHz, CDCLy): 6 = 7.57 (s, 1 H, ArH), 5.89 (s, 2 H, OH)
ppm. 3C NMR (400 MHz, CDCly): 6 = 149.70, 132.90, 100.29,
98.20 ppm. ESI-HRMS (TOF): caled. for C¢H,7°BrsO [M — H]
326.7661, found 326.7656.

2-Bromobenzene-1,4-diol (132a):l') Yield 99.8 mg (88%). 'H NMR
(400 MHz, [DeJacetone): & = 6.65 (dd, J = 8, 3 Hz, 1 H), 6.80 (d,
J=8Hz 1 H), 6.90 (d, J = 3 Hz, 1 H), 8.5 (br., 2 H, OH) ppm.
13C NMR (400 MHz, CDCly): & = 151.28, 147.11, 119.2, 117.33,
116.3, 110.5 ppm.

2,4,6-Tribromophenol (14a):?% Yield 176.6 mg (89%). '"H NMR
(400 MHz, CDCly): 6 = 7.56 (s, 2 H) ppm. 3C NMR (400 MHz,
CDCly): & = 148.87, 134.14, 112.59, 110.32 ppm. ESI-HRMS
(TOF): calcd. for CcH37°Br;O [M — H] 327.7734, found 327.7729.

Gram-Scale Preparation of 10a: A mixture of 10 (1.0 g, 6.67 mmol),
Cu(OAc), (48 mg, 0.26 mmol) and LiBr (1.74 g, 20 mmol) in a
solution of CF3;COOH (2 g) and CH3;CN (4 g) was heated at 80 °C
under O, (1 atm) overnight, The reaction mixture was poured into
a saturated NaCl solution (10 mL), extracted with CH,Cl, (2 X
20 mL) and dried with MgSO,. After removal of the solvents, the
residue was passed through a short silica gel column. Compound
10a was obtained upon concentration (0.98 g, 97%).

Supporting Information (see footnote on the first page of this arti-
cle): NMR spectra of the obtained compounds.
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