Tetrahedron 64 (2008) 6196-6201

journal homepage: www.elsevier.com/locate/tet

Contents lists available at ScienceDirect

Tetrahedron

Potassium permanganate/carboxylic acid/organic solvent: a powerful
reagent for enone oxidation and aryl coupling reactions™

Ayhan S. Demir *, Hamide Findik

Department of Chemistry, Middle East Technical University, 06531 Ankara, Turkey

ARTICLE INFO ABSTRACT

Article history:

Received 7 February 2008

Received in revised form 14 April 2008
Accepted 1 May 2008

Available online 3 May 2008

The o/-acetoxylation of enones and the a-acetoxylation of aromatic ketones were carried out with po-
tassium permanganate and acetic acid, in which acetoxylation products were obtained in 74-96% yields.
The same reaction was carried out with carboxylic acids other than acetic acid, which furnished corre-
sponding acyloxy ketones with the same regioselectivity. For the first time, formyloxylation products
were synthesized in a 61-85% yield by using formic acid. The potassium permanganate and acetic acid

method was also used for aryl coupling reactions. The reaction of arylboronic acids and arylhydrazines in
benzene with potassium permanganate and acetic acid in turn furnished biaryls in 85-96% yield. We
have shown that potassium permanganate/carboxylic acid/organic solvent behaves as manganese(IIl)

acetate.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Metal-promoted radical reactions have found widespread use in
organic synthesis, in which one of the well-known examples of this
application is the Mn(OAc)s-mediated reaction.? Manganese(1ll)
acetate dihydrate (Mn(OAc)s-2H;0)-mediated free-radical re-
actions have emerged as important synthetic methods for a new
bond formation as well as bond breaking. The application of
Mn(OAc)s promoted free-radical reactions in numerous regio-,
chemo-, and stereoselective carbon-carbon, carbon-heteroatom
bond formations have been developed in both inter- and intra-
molecular reactions.>

Several sources of Mn(OAc)s are described in the literature.* The
in situ preparation of Mn(OAc); from KMnO4/Mn(OAc), is also
described by Heiba and Linker.”

In our previous work, we showed the selective oxidation of
enones leading to o/-acetoxy enones by Mn(OAc); oxidation. In
general, Mn(OAc); oxidations are characterized by higher o'-
regioselectivity, higher chemical yields, and milder reaction con-
ditions, which also tolerate many sensitive functional groups. The
use of Mn(OAc)s in combination with other carboxylic acids or
manganese(ll) carboxylates extends this methodology to the
preparation of a variety of o/-acyloxy enones that are otherwise
inaccessible in a one-step procedure.® The Mn(OAc)s oxidation was
also applied to cyclic and non-cyclic aromatic ketones, in which the

# See Ref. 1.
* Corresponding author. Fax: +90 312 210 3200.
E-mail address: asdemir@metu.edu.tr (A.S. Demir).
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acyloxylation products were obtained in good to excellent yields.
The oxidation worked with high selectivity and only a-oxidation
products were obtained in high yields.” a-Acetoxy enones, as
starting materials, opened an entry for the synthesis of their en-
antiomers by using enzymatic kinetic resolution, which are not
readily available using other methods.?

We also developed a general method for the synthesis of biaryls
starting from arylhydrazines/aromatic solvents and arylboronic
acids/aromatic solvents in the presence of Mn(OAc)s. We showed, for
the first time, that Mn(OAc)s is a versatile reagent for the generation
of aryl radicals from arylhydrazines and arylboronic acids.’

Although C-C and C-O bond formation reactions of a great
variety of substrates have been reported so far by us and others as
successful,® there are some problems associated with the use of
Mn(OAc)s3. A brief list of them is as follows: (1) excess Mn(OAc)3
(4-6 equiv) is generally used for acceptable yields and reaction
times; (2) many contradictory results can be seen when the
literature reports are closely inspected. These include the amount
of Mn(OAc); and irreproducible yields/reaction times.!” In the
present paper, we report our investigation of the nature of this
reaction, and we found that the potassium permanganate/car-
boxylic acid system in an organic solvent is a powerful substitute
for manganese(lll) acetate. Here, we tried this method for ace-
toxylation and biaryl formation reactions.

2. Results and discussion

We selected 1-tetralone 1a as a model substrate and in-
vestigated its reaction with KMnOgy/acetic acid in benzene. In an
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initial reaction, KMnO4 was dissolved in acetic acid and benzene.
This solution was refluxed under a Dean-Stark trap until the color
of the solution turned brown. Then, 1-tetralone was added to this
solution and reflux was continued. The reaction was monitored by
TLC, and then filtered and neutralized with NaHCOs. After work-up,
2-acetoxytetralone (2a) was isolated in a 64% yield (Scheme 1). The
optimization of the reaction time and conditions furnished 2a in
a 89% yield. Several enones and aromatic ketones were converted
into their acetoxy derivatives as shown in Table 1. The reactions
work with the same regioselectivity. The yields are comparable to
the Mn(OAc)s-mediated direct oxidation of ketones and tolerate
many sensitive functional groups. Most of the starting materials are
commercially available and the ketones 1g-il were synthesized

according to the literature procedure.!
(0] (0]
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Scheme 1.

This result prompted us to try an oxidation reaction with car-
boxylic acid other than acetic acid, wherein we found that this
method can in fact be applied for the acyloxylation of enones and
aromatic ketones in high yields as shown in Table 2 (Scheme 2). For
the first time, formyloxylation was carried out with formic acid. In
the literature, rather few works have been presented about the
direct formyloxylation of ketones (Lee et al. reported that an initial
treatment of ketones with thallium(Ill) triflate, formed in situ by
the reaction of thallium(IIl) acetate with trifluoromethanesulfonic
acid, in DMF at 60 °C followed by the addition of small amounts of
H,0 provided the formyloxy ketones).2

Problems occurred when using some solid carboxylic acids,
these reactions were carried out without benzene, wherein only
acetic acid was used as a solvent and the corresponding acyloxy
derivatives were synthesized in good yield. By using benzoic acid,
the product was isolated along with an acetoxy derivative as a mi-
nor product. It was possible then to separate the product by column
chromatography. No product formation was observed by using
chloroacetic acid, even when we used cyclohexane and DMF as
a solvent.

2.1. KMnO4/AcOH mediated aryl coupling

Recently, we developed a general method for the synthesis of
biaryls starting from arylhydrazines/aromatic solvents and aryl-
boronic acids/aromatic solvents in the presence of Mn(OAc)s. No
isomerization of the formed radical was observed (Scheme 3a,b).

Both the aryl coupling reactions, starting from arylhydrazines
and arylboronic acids with benzene as a solvent, were carried out
by using the KMnO4/CH3COOH system. KMnOg/acetic acid and
benzene were refluxed under the Dean-Stark trap until the color of
the solution turned brown. Then, arylboronic acid or arylhydrazine
was added to this solution and reflux was continued. The reaction
was controlled with TLC and the corresponding aryl coupling
products were obtained in high yields with the same regiose-
lectivity without isomerization. Arylboronic acids and arylhy-
drazines with the electron-withdrawing and electron-donating
groups attached to the phenyl ring furnished comparable yields as
shown in Tables 3 and 4 (Scheme 4).

After all the reactions concluded, we found that the KMnOg4/
CH3COOH system behaves as Mn(OAc)s. Refluxing of KMnOg/
CH3COOH in organic solvent under the Dean-stark trap furnishes
Mn(OAc)s. In the case of the use of carboxylic acids other than

Table 1
Oxidation of aromatic ketones and enones with KMnO4/AcOH
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@ @
(0] (0]
OAc
89 880
a a
(0] (0]
OAc
85 971
MeO MeO
b b
(0] o
OAc
9% —
c c
(6] 0]
o o
d d
(0] (0]
OAc
83 —
O (0]
e e
(0] (0]
F. F. OAc
74 —
(©) (@)
f f
(0] (0]
OAc
97 87"
MeO MeO
9 g
(0] (0]
OAc
75 888
MeO MeO
h h
(0] o
OAc
86 99"
i i
(CHp)s (c%
AcO
84"  9gl0
o o
j .
o

OCH,

i
0
AcO OCH,4
88  88%f
Kk

2 All the spectral data of the known compounds were identical with the values in
the literature.
b Mixture of isomers.

k




6198 A.S. Demir, H. Findik / Tetrahedron 64 (2008) 6196-6201

Table 2
Oxidation of aromatic ketones and enones with KMnO4/RCOOH

Starting Product® 3 Yield (%) Yield (%)t
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2 All the spectral data of the known compounds were identical with the values in
the literature.

b The crude product contains 20% acetoxy ketone, which was separated by column
chromatography.

acetic acid, the corresponding Mn(IIl) acyloxy derivative should be
formed in order to obtain acyloxy ketones after the oxidation
reaction.??

For the close inspection of the species for oxidation, after the
reflux of the KMnO4/RCOOH in benzene, the brown mixture was
evaporated to dryness and cyclic voltammetric studies were then
carried out and compared with the commercially available Mn(III)
acetate. As a result, both reacted the same in cyclic voltammetry.

o KMnO,, R3COOH
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R? Reflux R? 0__0
R2 R2 R
1 3

Scheme 2.
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Table 3
Synthesis of biaryls from arylhydrazines
Arylhydrazine 4 Biaryl® 6 Yield (%) Yield (%)t
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a
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2 All the spectral data of the known compounds were identical with the values in
the literature.

The formation of Mn(IIl) species can be explained via the following
equation:

4H* (aq)+MnO; —Mn3* (aq) +0,(g) +2H,0(1)(AZ® = +0.28 V)

More work concerning the nature of oxidants is currently under
investigation.
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Table 4
Synthesis of biaryls from arylboronic acids
Arylboronic acid 5 Biaryl® 6 Yield (%) Yield (%)t
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2 All the spectral data of the known compounds were identical with the values in
the literature.

In summary, the oxidation reactions of enones and aromatic
ketones were carried out with potassium permanganate/carboxylic
acid in an organic solvent and acyloxy enones were obtained in
high yields. The potassium permanganate/carboxylic acid system in
an organic solvent was applied to aryl coupling reactions with
arylboronic acids and arylhydrazines, in which biaryl products were
obtained in high yields. This method enables one to obtain Mn(III)

KMnO,4, CH;COOH
x Benzene
A Reflux -
_—

4 : X = NHNH,HCI 6
5:X = B(OH),

Scheme 4.

acyloxy derivatives in situ. The reactions are simple, selective, and
cheap compared to other methods. The results showed that the
potassium permanganate/carboxylic acid system is a powerful
substitute for manganese(Ill) acetate.

3. Experimental section
3.1. General

TH and '¥C NMR spectra were obtained on a Bruker Avance DPX
400 spectrometers at 300 MHz. All of the resonances are referenced
to the residual solvent signals. Elemental analyses: Leco CHNS 932
Analyzer. IR spectra were obtained on Bruker IFS 66/s. Column
chromatography was conducted on silica gel 60 (40-63 pm). TLC
was carried out on aluminum sheets pre-coated with silica gel
60F254 (Merck), in which the spots were visualized with UV light
(A=254 nm).

3.2. General procedure for a-acyloxylation of enones

A solution of 3 mmol of KMnO4 in 100 mL benzene-carboxylic
acid (10:1) was stirred under reflux (Dean-Stark apparatus) until
the purple color of KMnO4 turned brown (15-30 min.). To this so-
lution, 1 mmol of enone was added and reflux was continued. The
reaction was monitored by TLC. After all the starting material was
consumed, the reaction mixture was diluted with ether and neu-
tralized with NaHCOs. The resulting organic phase was dried over
MgSO4 and concentrated under vacuum. If necessary, the crude
products were purified by column chromatography using EtOAc-
hexane as an eluent.

3.3. General procedure for the coupling of arylhydrazines
or arylboronic acids

A solution of 3 mmol of KMnO4 in 100 mL benzene-AcOH (10:1)
was stirred under reflux (Dean-Stark apparatus) until the purple
color of KMnO4 turned brown (15-30 min.). To this solution
1 mmol of aryl hydrazine or arylboronic acid was added and reflux
was continued. The reaction was monitored by TLC. After all the
starting material was consumed, the reaction mixture was diluted
with ether and neutralized with NaHCOs. The resulting organic
phase was dried over MgSO4 and concentrated under vacuum. If
necessary, the crude products were purified by column chroma-
tography using EtOAc-hexane as an eluent. In most cases, the direct
filtering of the reaction mixture through a pad of silica provided
pure products.

3.3.1. 1,2,3,4-Tetrahydro-5,7-dimethyl-1-oxonaphthalen-2-yl
acetate (2c)

Yield 222 mg, 96%, yellow solid (mp 101-103 °C). IR (CHCI3)
Ymax: 763, 1608, 1693, 3447 cm~'. 'H NMR (400 MHz, CDCls)
02.09-2.20 (1H, m, CH), 2.15 (3H, s, CH3), 2.21 (3H, s, CH3), 2.27 (3H,
s, CH3), 2.20-2.45 (1H, m, CH>), 2.80-3.00 (m, 2H, CH3), 5.39 (1H,
dd, J=5.0, 13.7 Hz, CH), 7.09 (1H, s, CH), 7.60 (1H, s, CH); *C NMR
(100 MHz, CDCl3) ¢ 192.9, 169.9, 138.2, 136.3, 136.2, 135.9, 131.7,
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125.8,74.2, 28.4, 25.0, 20.9, 19.3. Anal. Calcd for C14H1603 (232.28):
C, 72.39; H, 6.94. Found: C, 72.61; H, 6.64.

3.3.2. 2,3-Dihydro-5-methoxy-1-oxo-1H-inden-2-yl acetate (2d)

Yield 178 mg, 81%, yellow oil. IR (neat) vmax: 762, 1060, 1245,
1615, 1710 cm~ L. 'H NMR (400 MHz, CDCl3) 6 2.11 (3H, s, CH3), 2.89
(1H, dd, J1=4.3 Hz, Jo=17.1 Hz, CH,), 3.53 (1H, dd, J;=8.1 Hz, J,=
17.1 Hz, CH,), 3.83 (3H, s, CH3), 5.30 (dd, J;=4.7 Hz, J,=7.7 Hz, CH),
6.78 (1H, s, CH), 6.85 (1H, d, J=7.0 Hz, CH), 7.65 (1H, d, J=7.6 Hz, CH);
13C NMR (100 MHz, CDCl3) ¢ 33.6, 55.5, 73.9, 109.7, 116.0, 124.8,
126.9,127.8,128.2,153.2,166.1,170.0,198.0. Anal. Calcd for C12H1204
(220.22): C, 65.45; H, 5.49. Found: C, 65.61; H, 5.64.

3.3.3. 3,4-Dihydro-6-methyl-4-oxo-2H-chromen-3-yl acetate (2e)

Yield 182 mg, 83%, yellow oil. IR (neat) vmax: 762, 1060, 1609,
1693, 3443 cm~ L. TH NMR (400 MHz, CDCl3) 6 212 (3H, s, CH3), 2.25
(3H, s, COCH3), 4.27 (1H, t, J=11.3 Hz, CH>), 4.43 (1H, dd, J;=5.4 Hz,
J»=11.0 Hz, CH), 5.52 (1H, dd, J;=5.4 Hz, J,=11.4 Hz, CH), 6.79 (1H,
d, J=8.5 Hz, CH), 7.24 (1H, d, J=11.7 Hz, CH), 7.58 (1H, s, CH); 3C
NMR (100 MHz, CDCl3) 6 20.4, 20.5, 68.3, 69.4, 117.5, 119.6, 127.2,
131.3,137.2,159.4,169.0, 187.5. Anal. Calcd for C13H1204 (220.22): C,
65.45; H, 5.49. Found: C, 65.34; H, 5.67.

3.3.4. 6-Fluoro-3,4-dihydro-4-oxo-2H-chromen-3-yl acetate (2f)

Yield 166 mg, 74%, yellow semisolid. IR (CHCl3) rmax: 762, 845,
1254, 1612, 1701, 3443 cm~ . "H NMR (400 MHz, CDCl3) 6 2.15 (3H, s,
CHs), 432 (1H, dd, ;=5.4Hz, J,=11.3 Hz, CH,), 4.48 (1H, dd,
J1=5.5 Hz, J,=11.1 Hz, CH,), 5.56 (1H, dd, J;=5.5 Hz, J,=11.4 Hz, CH),
6.91 (1H, dd, J;=4.1 Hz, J,=9.1 Hz, CH), 7.17-7.23 (1H, m, CHs), 7.47
(1H, dd, J;=5.5 Hz, J=11.1 Hz, CH, CH); 3C NMR (100 MHz, CDCl3)
0 20.8, 68.9, 69.6, 113.0 (d, %Jcr=23.4 Hz), 119.8 (d, Jcz=7.2 Hz),
120.8 (d, *Jcp=6.6 Hz), 124.2 (d, }Jc;=24.6 Hz), 157.8, 158.0 (d,
3]cp=241.9 Hz), 169.3, 187.1. Anal. Calcd for C1HoFO4 (224.19): C,
58.93; H, 4.05. Found: C, 59.14; H, 4.27.

3.3.5. 1,2,3,4-Tetrahydro-1-oxonaphthalen-2-yl propionate (3a)

Yield 190 mg, 87%, brown viscous oil. IR (CHCl3) vmax: 762, 1060,
1615, 1710 cm~". '"H NMR (400 MHz, CDCl3) ¢ 1.17 (3H, t, J=7.5 Hz,
CHs), 2.22 (1H, ddd, J;=4.7 Hz, J,=12.7 Hz, J3=25.6 Hz, CH3), 2.29-
2.53 (3H, m, CHy, CH,), 2.93-3.22 (2H, m, CH>), 5.45 (1H, dd,
J1=5.2 Hz, J=13.2 Hz, CH), 718 (1H, t, J=4.8 Hz, CH), 7.25 (1H, t,
J=7.5Hz, CH), 7.41 (1H, t, ]=7.0 Hz, CH), 7.95 (1H, d, J=7.8 Hz, CH);
13C NMR (100 MHz, CDCl3) 6 8.8, 9.2, 27.4, 28.0, 29.2, 74.2, 126.9,
127.9,128.5,131.5,133.7,142.9,173.3,192.4. Anal. Calcd for C13H1403
(218.25): C, 71.54; H, 6.47. Found: C, 71.31; H, 6.29.

3.3.6. 4,6,6-Trimethyl-2-oxocyclohex-3-enyl butyrate (3c)

Yield 184 mg, 82%, yellow oil. IR (neat) vmax: 1609, 1665, 1713,
3010 cm~ . '"H NMR (400 MHz, CDCl3) 6 0.91-0.97 (9H, m, CH3), 1.02
(3H, s, CH3), 1.66 (2H, sextet, J=7.3 Hz, CH,CH3), 1.88 (3H, s, CH3),
2.07-2.12 (1H, m, CH), 2.30-2.50 (3H, m, CH>, CH>), 5.12 (1H, s, CH),
5.81 (1H, s, CH); 3C NMR (100 MHz, CDCl3) ¢ 13.7, 18.5, 20.0, 24.2,
27.3, 36.0, 37.6, 46.1, 80.0, 124.9, 158.0, 172.5, 192.4. Anal. Calcd for
Cy3H2003 (224.3): C, 69.61; H, 8.99. Found: C, 69.42; H, 8.77.

3.3.7. 1,2,3,4-Tetrahydro-1-oxonaphthalen-2-yl formate (3e)

Yield 165 mg, 85%, yellow oil. IR (neat) vmax: 740, 1612, 1690,
2933, 3435cm~". 'H NMR (400 MHz, CDCl3) ¢ 2.26 (1H, ddd,
J1=4.8 Hz, J,=12.8 Hz, J3=17.5 Hz, CH3), 2.34-2.39 (1H, m, CHj),
3.03 (1H, dt, J;=4.5 Hz, Jo=17.0 Hz, CH,), 3.12-3.20 (1H, m, CHa),
5.54 (1H, dd, J;=5.1 Hz, J,=13.3 Hz, CH), 7.18 (1H, d, J=8.0 Hz, CH),
7.27 (1H, t, J=7.7 Hz, CH), 7.43 (1H, t, J=7.5 Hz, CH), 7.96 (1H, d,
J=7.9 Hz, CH), 8.16 (1H, s, CHO); 3C NMR (100 MHz, CDCl3) 6 27.9,
291, 73.9, 127.0, 128.1, 128.5, 131.5, 133.9, 42.7, 159.4, 191.3. Anal.
Calcd for C17H1903 (190.2): C, 69.46; H, 5.30. Found: C, 69.33; H,
5.48.

3.3.8. 1,2,3,4-Tetrahydro-5,7-dimethyl-1-oxonaphthalen-2-yl
formate (3f)

Yield 164 mg, 75%, brown oil. IR (neat) vmax: 762, 1609, 1693,
2927, 3443 cm~ . '"H NMR (400 MHz, CDCl3) 6§ 2.14-2.24 (1H, m,
CHa), 2.21 (3H, s, CH3), 2.27 (3H, s, CH3), 2.35-2.40 (1H, m, CHa),
2.82-2.90 (1H, m, CH>), 2.95-3.02 (1H, m), 5.51 (1H, dd, J;=5.0 Hz,
Jo=13.6 Hz, CH), 7.12 (1H, s, CH), 7.62 (1H, s, CH), 8.16 (1H, s, CHO);
13C NMR (100 MHz, CDCl3) 6 18.7, 20.3, 24.3, 27.8, 73.2,125.5,131.1,
135.5,135.8, 137.5, 159.0, 191.3. Anal. Calcd for C13H1403 (218.25): C,
71.54; H, 6.47. Found: C, 71.68; H, 6.55.

3.3.9. 1,2,3,4-Tetrahydro-6-methoxy-1-oxonaphthalen-2-yl
formate (3g)

Yield 167 mg, 76%, yellow oil. IR (neat) rpax: 1250, 1615, 1703,
2930, 3430cm~". 'H NMR (400 MHz, CDCl3) ¢ 2.23 (1H, ddd,
J1=4.6 Hz, J,=12.6 Hz, ]3=17.3 Hz, CH5), 2.31-2.37 (1H, m, CHa), 2.99
(1H, dt, J;=3.6 Hz, Jo=16.9 Hz, CH,), 3.07-3.15 (1H, m, CH>), 3.79
(3H, s, OCH3), 5.50 (1H, dd, J;=5.4 Hz, J,=12.9 Hz, CH), 6.56 (1H, s,
CH), 6.77 (1H, dd, J;=2.1 Hz, J,=8.8 Hz, CH), 7.93 (1H, d, J=8.8 Hz,
CH), 8.16 (1H, s, CHO); 13C NMR (100 MHz, CDCl3) é 28.1, 29.1, 55.3,
73.6,112.5,113.6, 125.0, 130.5, 145.2, 159.6, 164.0, 190.0. Anal. Calcd
for C12H1404 (220.22): C, 65.45; H, 5.49. Found: C, 65.66; H, 5.27.

3.3.10. 2-Fluoro-6,7,8,9-tetrahydro-9-oxo-5H-benzo[7 Jannulen-8-
yl formate (3h)

Yield 135 mg, 61%, colorless oil. IR (neat) ymax: 762, 1605, 1692,
2926, 3440 cm~'. 'TH NMR (400 MHz, CDCl3) 6 1.73-1.84 (1H, m,
CH,), 2.00-2.23 (3H, m, CH3, CH3), 2.92-2.95 (1H, m, CHy), 5.44 (1H,
dd, J1=6.9 Hz, J,=12.6 Hz, CH), 7.04 (1H, td, J;=2.7 Hz, J,=10.7 Hz,
CH), 711-7.16 (1H, m, CH), 7.38 (1H, dd, J;=2.8 Hz, J,=8.9 Hz, CH),
8.02 (1H, s, CHO); 3C NMR (CDCl3) 6 23.1, 28.6, 33.0, 76.9, 96.3,116.2
(d, J=27.8 Hz, CF), 119.3 (d, J=21.3 Hz, CF), 132.1 (d, J=7.2 Hz, CF),
137.5 (d, J=3.4 Hz, CF), 138.3 (d, J=6.4 Hz, CF), 159.8, 160.3, 163.6,
197.2. Anal. Calcd for C12H11FO3 (222.21): C, 64.86; H, 4.99. Found:
C,64.73; H, 4.81.

3.3.11. 1,2,3,4-Tetrahydro-5-methoxy-1-oxonaphthalen-2-yl
formate (3i)

Yield 154 mg, 70%, brown oil. IR (neat) vmax: 762, 1264, 1609,
1693, 2927, 3443 cm™ . "H NMR (400 MHz, CDCl3) ¢ 2.18 (1H, ddd,
J1=5.0 Hz, Jo=12.8 Hz, J3=17.8 Hz, CH,), 2.34-2.40 (1H, m, CH,),
2.74-2.83 (1H, m, CHj), 3.20 (1H, ddd, J;=2.7 Hz, J,=4.6 Hz,
J3=18.0Hz, CH,), 3.81 (3H, s, CH3), 5.53 (1H, dd, J;=5.0 Hz,
J,=13.6 Hz, CH), 6.95 (1H, d, J=8.0 Hz, CH), 7.22 (1H, t, J=8.0 Hz, CH),
7.55 (1H, d, J=7.9 Hz, CH), 8.17 (1H, s, CHO); 3C NMR (100 MHz,
CDCl3) 6 21.7,28.2, 55.5,114.5,119.5, 127.6, 131.8, 132.6, 156.6, 159.5,
191.6. Anal. Calcd for C13H1204(220.22): C, 65.45; H, 5.49. Found: C,
65.54; H, 5.71.

3.3.12. 4-(Trifluoromethoxy)-1,1-biphenyl (6g)

Yield 226 mg, 95%, white solid (mp 56-58 °C). IR (CHCl3) vmax:
762, 832, 1245, 1625 cm™ L. TH NMR (400 MHz, CDCl3) 6 7.17 (2H, d,
J=8.7 Hz, CH), 7.26 (1H, t, J=7.4 Hz, CH), 7.34 (2H, d, J=7.4 Hz, CH,
CH), 744 (2H, t, J=7.4 Hz, CH, CH), 7.49 (2H, t, ]=8.6 Hz, CH, CH); 3C
NMR (100 MHz CDCl3) 6 121.2,127.1,127.6,128.4, 128.8, 139.9, 140.1,
148.7. Anal. Calcd for Cy3HoF3 (238.21): C, 65.55; H, 3.81. Found: C,
65.34; H, 3.77.
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