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ABSTRACT

Less expensive, safer, and easily scaled-up methods for
the synthesis of 4-fluororesorcinol and 4-trifluorome-
thylresorcinol have been established, including two
methods to give the former compound. One involves
the reaction of Selectfluor™ reagent with 1,3-dimeth-
oxybenzene to give 2,4-dimethoxy- 1-fluorobenzene fol-
lowed by hydrolysis to give 4-fluororesorcinol. The
overall yield of this two-step reaction is 54%. In the
second case, when Selectfluor reagent is reacted di-
rectly with resorcinol, under the best reaction condi-
tions, 4-fluororesorcinol is obtained in 66% yield. It
is, however, very difficult to separate the starting ma-
terial from the mono- and difluororesorcinol products.
Consequently, the two-step method is the method of
choice to prepare 4-fluororesorcinol. The trifluoro-
methyl group was incorporated into 2,4-dimethoxy-1-
iodobenzene to form 1,3-dimethoxy-4-trifluoromethyl-
benzene followed by mild hydrolysis to give 4-trifluo-
romethylresorcinol. © 1998 John Wiley & Sons, Inc.
Heteroatom Chem 9:229-239, 1998

INTRODUCTION

The introduction of the fluoro or trifluoromethyl
group into organic molecules has recently been the
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subject of increasing research activity. In particular,
the replacement of hydrogen by fluorine or trifluo-
romethyl groups in aromatic systems confers in-
creased lipophilicity and acidity and modified hy-
drogen bonding properties that often lead to
dramatic changes in their bioactivities. This has re-
sulted in interest in the development of cost-effective
and convenient routes to fluorinated or trifluoro-
methylated aromatic molecules. Recently, several
advances in organofluorine chemistry have been
translated into products of medicinal importance be-
cause of the physiochemical properties the F atom
imparts to these products [1]. In this article, we de-
scribe our work concerning the synthesis of 4-fluo-
roresorcinol and 4-trifluoromethylresorcinol. 4-
Fluororesorcinol and 4-trifluoromethylresorcinol
are useful for the preparation of polyfluorinated ion-
exchange resins [2a—f]. There is much interest in the
biochemistry of other fluorinated catechols and their
interactions with chlorocatechol dioxygenase [3a].
Fluorinated catechols have also been used as build-
ing blocks for the incorporation of '*F into com-
pounds useful as biologically active tracers [3b].

RESULTS AND DISCUSSION

Although electrophilic fluorination of aromatic com-
pounds has been studied over many years [4a], there
are only a few reported routes to 4-fluororesorcinol
(1) using this technique. In 1986, Patrick reported
the synthesis of this compound by reacting cesium
fluoroxysulfate (CsSO,F) with an activated aromatic
system [4b]. Boron trifluoride was employed to cat-
alyze the reaction between CsSO,F and resorcinol
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[4c] but gave a mixture of 1 and 2 in a ratio of 3:1
(Scheme 1) with a best conversion yield of only 53%.
In addition, the separation of 1 and 2 from the re-
action mixture for large-scale preparations is diffi-
cult because of their very similar properties.
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In 1988, Belanger and Darling [5] reported the
synthesis of 4-fluororesorcinol (Scheme 2) by direct
fluorination of 1,3-dimethoxybenzene with trifluo-
romethyl hypofluorite (CF,OF) in Freon 11 at —78°C
to give 2,4-dimethoxy-1-fluorobenzene (3) in a yield
of 68%. The ratio of (3) to (4) by this method is 5.5:1.
Subsequently, 3 is demethylated by heating under re-
flux with 48% HBr in acetic acid to give 4-fluorore-
sorcinol (1) in 87% yield. At the same time, these
researchers reported the fluorination of 2,6-dimeth-
oxyacetophenone with trifluoromethyl hypofluorite
(CF,OF) in Freon 11 at —78°C leading to the for-
mation of 2,6-dimethoxy-3-fluoroacetophenone.
Subsequent heating under reflux in 48% HBr in ace-
tic acid gave 4-fluororesorcinol in an overall yield of
74%. More recently, the use of CF,OF as an electro-
philic fluorinating reagent has declined because of
the development of safer, easier to use, and more
readily available reagents.
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In our work, we sought an off-the-shelf synthetic
method for the preparation of 4-fluororesorcinol
that would be more convenient, that would not in-
volve gas-phase reaction, and that could be easily
scaled up. F-TEDA-BF, (1-chloromethyl-4-fluoro-
1,4-diazabicyclo[2,2,2]octane bis(tetrafluoro-
borate)-Air Products) is a safe, easy-to-use, electro-
philic fluorinating reagent, especially for aromatic
systems. In order to determine the optimum reaction
conditions for fluorination, we selected F-TEDA-BF,

and resorcinol (Scheme 3) or 1,3-dimethoxybenzene
as the starting materials. The reaction conditions
tried with resorcinol as the starting material and the
percentage conversions are reported in Table 1.
Based on 'H and '"F NMR spectra, the maximum
yield obtained is 66%. When working up the reaction
mixture, we encountered major separation prob-
lems. Many routes to separate the two materials
(compounds 1 and 5) were attempted in order to ob-
tain the pure monofluoro compound. Although col-
umn chromatography was found to be the best
method for the separation of the products, it is still
not easy to obtain 1 pure because of the similar
structures and the very close R, values of the three
major components (1, 5, and resorcinol). Monofluo-
roresorcinol (1) and difluororesorcinol (5) are col-
orless solids.

H
H
F
F-TEDA-BF,
- 1 +
CH3CN OH
OH
F
5
(I:HZCI
N+ BF,~
F-TEDA-BF, = [ ] )
ITH— BF,4
F

In a second method, the target compound, 4-
fluororesorcinol, was synthesized in two steps
(Scheme 4). 2,4-Dimethoxy-1-fluorobenzene was
first obtained by the reaction of 1,3-dimethoxyben-
zene with F-TEDA-BF,. The reaction mixture was
then separated by column chromatography to obtain
the monofluorocompound. The final product 1 was
prepared by the acid hydrolysis of 2,4-dimethoxy-1-

TABLE 1 Yield of 4-Fluororesorcinol (1) and 4,6-Difluoro-
resorcinol (5) under Various Reaction Conditions Using F-
TEDA-BF,

Yield (%6)2
Reaction 4-Fluororesorcinol 4,6-Difluororesorcinol
Conditions Q) (5)
RT 10 hours 55 22
—5°C, 10 hours 66 13
—40°C, 10 hours 60 6

2Based on *H and *°F NMR spectra of the mixture.



fluorobenzene and purified by column chromatog-
raphy on silica gel.

OCH;3
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Table 2 shows the yields obtained under different
reaction conditions. When the reaction of 1,3-di-
methoxybenzene with F-TEDA-BF, was tested, we
found the yield of 4 is directly related to the reaction
temperature. If the temperature is less than —15°C,
the conversion is very low. The reaction mixture can
be separated by chromatatron or by column chro-
matography. This method can be scaled up easily.
After demethylating 3 by refluxing with 48% hydro-
bromic acid in acetic acid, 4-fluororesorcinol was
obtained in 90% yield (overall yield = 54%). Under
similar hydrolytic conditions, 4 can be easily con-
verted to 4,6-difluororesorcinol (5) in 90% yield
(overall yield = 22.5%).

Other fluorinating reagents were tried in order
to obtain higher yields and better selectivities. How-
ever, after different test reactions, we have not found
any other equivalent fluorinating reagent. In general,
the reactivity is too low to fluorinate the aromatic
compounds of interest here. Scheme 5 shows the re-
action of 1,3-dimethoxybenzene with Accu-
fluor™NFPy (N-fluoropyridinium pyridine hepta-
fluorodiborate). Table 3 shows the different reaction
conditions and the percentage conversion of this
reaction.

TABLE 2 Yield of 2,4-Dimethoxy-1-fluorobenzene (3) and
1,5-Difluoro-2,4-dimethoxybenzene (4) from the Reaction of
F-TEDA-BF, with 1,3-Dimethoxybenzene

1 0
Reaction vield (%)
Conditions 3 4
Reflux, 3 hours 50 32
0°C, 10 hours 60 25
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Another approach was tested for the preparation
of 4-fluororesorcinol (Scheme 6). 1-Chloro-2,4-din-
trobenzene was converted to 2,4-dinitro-1-fluoro-
benzene by reaction with KF in DMSO at 95°C for
2.5 hours. The pure product was obtained in a 64%
yield by recrystallization from ethanol. The 2,4-din-
itro-1-fluorobenzene was reacted with powdered
iron and HCI at reflux, which resulted in the reduc-
tion of the nitrogroups to amines [6]. The product,
2,4-diamino-1-fluorobenzene, was obtained in a
yield of 31.7%. The final product (1) was isolated in
35% vyield after reaction of (8) with 35% H,SO, and
NaNO.,.
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—_—
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cl F

_— 3
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Fe, HCI
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NH;
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Aromatic compounds that contain trifluorome-
thyl substituents have very important applications in
medicinal and agricultural fields [7a]. A novel route
to trifluoromethylation makes use of cadmium and
zinc reagents [7b]. On the other hand, Urata and Fu-

TABLE 3 Percentage Conversion of 1,3-Dimethoxyben-
zene to Give 2,4-Dimethoxy-1-fluorobenzene (3) Using Ac-
cufluor NFPy

Conversion (%)
2,4-Dimethoxy-1-

Reaction Conditions fluorobenzene (3)

RT, 3 days no reaction

60°C, 2 days 5

80°C, 4 hours. The reaction mixture turned black perhaps due
to decomposition of the fluororeagent.

aBased on the *H and *°*F NMR spectra of the mixture.
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chikami [7c] reported convenient trifluoromethyla-
tion of organic halides with CF,SiR}/F~/Cu(I) under
mild reaction conditions. At the same time, Chen et
al. [7d] treated halogen compounds, RX, with meth-
ylfluorosulfonyldifluoroacetate and copper powder
in DMF to prepare the corresponding trifluorome-
thylation products in good yield. Trifluoromethyla-
tion of resorcinol has been accomplished using a
previously reported method for trifluoromethylation
of aromatics with CF,Br in SO, in low yield [7e,7f].
Based on the literature, an alternative method was
designed to prepare 4-trifluoromethylresorcinol that
utilized readily available, inexpensive, commercial
precursors and that could be scaled up easily. By us-
ing the Burton reaction, we attempted to incorporate
the trifluoromethyl group into the molecule directly
via in situ generation and coupling of CF,Cu with
aryl halides [7b]. The final product can be obtained
by the hydrolysis of the ether bond to form the hy-
droxyl group. The first test reaction is shown in
Scheme 7.

OCH; OCH; H
CBr,F,, Cd, CuBr Hydrolysis
—_— m—————— -
DMF, HMPA
OCH, OCH;3 OH
CF;

CF3
9 10

Table 4 shows the different reaction conditions
and yields for 9. Temperature is the key factor in the
yield of the product. At room temperature and 60°C,
no reaction occurs. The crude product obtained
from the reaction mixture after 48 hours at 100°C
was purified by column chromatography and eluted
with ethyl acetate in hexane (1:4).

After  obtaining  2,4-dimethoxy-1-trifluoro-
methylbenzene, a suitable hydrolysis route to 4-tri-
fluoromethylresorcinol was sought. The hydrolysis
reaction was carried out in acidic medium (HAc:HBr
= 1:1) under reflux. However, none of the expected
product formed, and only resorcinol was obtained,
which indicates that 4-trifluoromethylresorcinol is

TABLE 4 Yield of 2,4-Dimethoxy-1-trifluoromethylbenzene
(9) Obtaining from 2,4-Dimethoxy-1-iodobenzene

Reaction Conditions Yield (%)
2,4-Dimethoxy-1-

trifluoromethylbenzene

RT 3 days no reaction
60°C, 3 days no reaction
100°C, 48 hours 89

not stable under these reaction conditions. The hy-
drolysis of 2,4-dimethoxy-1-trifluoromethylbenzene
with HI (50%) at 120°C for 3 hours only gave resor-
cinol, again suggesting that 4-trifluoromethylresor-
cinol is not stable under these conditions.

From the foregoing two test reactions, it was
found that 2,4- dimethoxy-1-trifluoromethylbenzene
is a very acid-sensitive compound, thus the hydrol-
ysis of this compound must be carried out under
mild conditions. With BBr;, the reaction was initially
carried out at —78°C and then for 20 hours at RT.
The reaction mixture was purified by column chro-
matography to give 4-trifluoromethylresorcinol (10)
in 15% yield. Under mild acidic conditions, 10 exists
in equilibrium with its quinoid form (Scheme 8).
The 'H NMR spectrum of the mixture shows two
doublet resonances (AB pattern) at 3.71 and 3.92
ppm, from the -CH=CH- moiety. In the *C NMR
spectrum, the carbonyl carbon chemical shift is at
187.20 ppm. In addition, the infrared spectrum of
the quinoid mixture shows a strong bond centered
at 1703 cm~ L.

OH 0

OH OH

CF; ¢k,

The molecular structures of 1 (Figure 1), 4 (Fig-

FIGURE 1 Molecular structure of 1, with thermal ellipsoides
at 50% probability level.



ure 2), and 5 (Figure 3) were determined by X-ray
crystallography. Single-crystal X-ray crystallo-
graphic parameters for 1, 4, and 5 are given in Table
5. The asymmetric unit of 1 contains two crystallo-
graphically independent molecules situated roughly
perpendicular to each other [74.1(1)°]. These two
molecules are linked to each other via a hydrogen
bond, i.e., 03---H3A = 1.88(4) A, angle O3 - - H3A-

FIGURE 2 Molecular structure of 4, with thermal ellipsoides
at 50% probability level.

FIGURE 3 Molecular structure of 5, with thermal ellipsoides
at 50% probability level.
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O3A = 168(3)°, as shown in Figure 4. There is a close
intramolecular H---F interaction [H3::--F4 =
2.39(5) A]. The fluorine atoms in both of the mole-
cules show a positional disorder and have occupan-
cies of 87 and 64% for F4 and F4A, respectively. The
packing diagram of 1 shows extensive short range
H---O and H- - -F bonding networks in the crystal
lattice (Figure 5). These distances as well as some
significant O---0O and F---F distances are listed in
Table 4. It may be pointed out that the F- - - F inter-
actions are restricted along the ab plane and bridge
the polymeric chains running along the bc plane.

The crystal lattice of 4 (Figure 7) also contains
two crystallographically independent molecules
within the asymmetric unit that lie parallel to each
other [1.1(2)°]. These molecules show a close H- - -F
contact H5---F6A = 2.44(5) A, angle C5-H5---F6A
= 152(3)°. The methoxy groups are oriented away
from the fluorine atoms and lie in the plane of the
aryl ring as seen from the torsion angles C7-O1-C1-
C2 = 5.2(6), C7-01-C1-C6 = —177.0(3), C8-03-C3-
C2 = 0.4(7), and C8-03-C3-C4 = —177.7(4)° (Figure
6). The packing diagram of 2 (Figure 7) shows an
additional intermolecular H::-:F interaction,
F6---H2A(a = 1 — x, 5 + v, 3 — 2) at 2.48(5) A, C6-
F6---H2A® = 169(1)°.

The molecular structure of 4,6-difluororesorci-
nol 5 (Figure 3) shows that both of the hydroxyl
groups are oriented toward the fluorine atoms form-
ing two intramolecular H- - - F contacts, H1---F6 =
2.39(3) A and H3---F4 = 2.48(4) A. The intermole-
cular interactions found in the crystal packing (Fig-
ure 8) are listed in Table 6. The intermolecular
H--- O bonds from pseudo-octagonal cavities due to
the formation of tetramers, as shown in Figure 9.

CONCLUSIONS

1. By using Selectfluor reagent, a safer, less ex-
pensive, and easily scaled-up method for the
synthesis of 4-fluororesorcinol is available.

2. 4-Trifluoromethylresorcinol is very sensitive
to pH.

EXPERIMENTAL

Infrared spectra were recorded on a Perkin-Elmer
Model 1710 FT-IR spectrometer. Both 'F and 'H
NMR spectra were obtained on a Bruker AC 200
Fourier transform NMR spectrometer using CDCl,
as solvent unless otherwise indicated. Chemical
shifts are reported with respect to (CH,),Si or CFCl,.
Mass spectra were determined with a VG 7070HS
mass spectrometer by using electron impact (EI) or
chemical ionization (CI) techniques. Products are
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TABLE 5 X-ray Crystallographic Parameters for Compounds 1, 4, and 5

Crystal Data Compound 1 Compound 4 Compound 5
Empirical formula CsHsFO, C,H;F,0, CgH,F.,0,

Formula weight 128.10 174.14 146.09

Color, habit colorless colorless colorless

Crystal size (mm) 0.25 X 0.20 x 0.10 0.15 X 0.10 x 0.05 0.20 x 0.15 x 0.12
Crystal system Monaoclinic Monoclinic Monoclinic

Space group c2/C P2./c P2./n

Unit cell dimensions

a = 7.425(5) A
b = 22.18(2) A
c = 14.074(8) A
B = 103.34(5)°

Volume (A?) 2256(3)
V4 16
Peac (Mg/m?) 1.509
F(000) 1056
Absorption coefficient (mm~1) 0.134
Data collection
20 range (°) 3.68 t0 56.72
Index ranges -9=h=9
-29=k=17
18=/=17
No. of data collected 6963
No.of unique data 2699
(Rix = 0.0599)
No. of data
with /1 > 20 (/) 1429
Tmax/min. 0.9328/0.8506
Extinction coeff. 0.0011(2)

Solution and refinement on F2
Parameters refined

204 (Orestrainls)

Final R indices (20 data) R = 0.0595
W, = 0.1123
All data r=0.1318
W, = 0.1718
Goodness-of-fit, S (F?) | 1.200
Largest difference peak (eA-3) 0.251
Largest difference hole (eA-3) —-0.297

a = 7.8760(10) A
b =17.425(2) A _
c = 11.4241(14) A
B = 96.771(4)°

a = 5.4670(5) A _
b = 10.4659(10) A
¢ = 10.0059(9) A

B = 93.288(2)°

1556.9(3) 571.57(9)

8 4

1.486 1.698

720 296

0.136 0.168

4.28 to 45.98 5.64 to 56.56
-8=h=8 -7=h=7
-19=k=12 -13=k=13
-l1=/=12 -13=/=11
5805 3498

2130 1355

(R, = 0.0447) (R, = 0.0296)
1038 1063
0.9916/0.9288 0.97793/0.79741
0.0009(5) 0.0017(7)

217 (Orestraims) 108 (Orestraints)
R = 0.0687 R = 0.0396
W, = 0.1469 W, = 0.1037
R = 0.1317 R = 0.0533
W, = 0.1763 W, = 0.1103
1.087 1.047

0.163 0.251

—0.199 —0.162

O
HIA

FIGURE 4 Asymmetric unit of 1 showing intermolecular hy-
drogen bonding.

separated by column chromatography with 70-230
mesh silica gel and with a chromatatron.

X-RAY CRYSTAL STRUCTURE ANALYSIS

The X-ray diffraction data for compounds 1, 4, and
5 were collected on a Siemens SMART diffractome-
ter equipped with a CCD detector. The final data col-
lection and refinement are listed in Table 3. The
frame data are acquired with the SMART? software
using a Siemens three-circle platform using MoK,
radiation (A = 0.71073 A) from a fine-focus tube. The
x-axis on this platform is fixed at 54.74°, and the dif-
fractometer is equipped with a CCD detector main-
tained near —54°C. Cell constants are determined
from 60 ten second frames. A complete hemisphere
of data is scanned on omega (0.3°) with a run time
of 30 seconds per frame at the detector resolution of
512 X 512 pixels. A total of 1271 frames are collected



FIGURE 5 Crystal packing diagram of 1 showing intermo-
lecularH---O,H-- -F, O---O, and F- - - F interactions.

FIGURE 6 Asymmetric unit of 4 showing intermolecular hy-
drogen bonding.

in three sets, and a final set of 50 frames, identical
to the first 50 frames, is also collected to determine
crystal decay. The frames are then processed on a
SGI-Indy/Indigo 2 workstation by using the SAINT
software [9] to give the Kkl file corrected for Lp/de-
cay. The structures are solved by the direct method
using the SHELX-90 [10] program and refined by
least-squares method on F?, SHELXL-93 [11], incor-
porated in SHELXTL-PC V 5.03 [12]. Absorption
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FIGURE 7 Crystal packing diagram of 4 showing intermo-
lecular H- - - F interactions.

FIGURE 8 Crystal packing diagram of 5 showing intermo-
lecular hydrogen bonding.

correction was performed using the SADABS [13]
program. In the case of 1, the fluorine atom was
found to be disordered and was modeled by refining
the site occupancy of the disordered site. Final re-
finement cycles set the occupancies at 87% (aryl ring
C1-C6) and 64% (aryl ring C1A-C6A) for the fluorine
atoms in the two molecules. All nonhydrogen atoms
are refined anisotropically. The hydrogen atoms are
located from the difference electron density maps
and are included in the refinement process in an iso-
tropic manner. The hydrogen atoms were added by
the Riding model on C4, C6, C4A, and C6A in the
disordered structures of 1. All the crystals used for
the diffraction studies show no decomposition dur-
ing data collection.

Preparation of 2,4-Dimethoxy-1-fluorobenzene
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TABLE 6 Intermolecular H---O,H---F, O---0, and F- - - F Distances (A)

Bond Symmetry of X' Distance (/Z\) (esd)
Compound 1 H3---01’ 1+xy2z 1.93(5)
H1---O1A’ -Xx, 532 -2z 1.89(4)
03---H1A' -12 + x,12 -y, =112 + z 1.88(5)
F4---H5A’ 12 — x,1/2 + y, 312 — z 2.56(3)
F4A---H1A' =12 + x, 12—y, =112 + z 2.55(5)
H5A---F(4') 12 + x, =12 + y, z 2.85(3)
H1---F4A' -12 - x,12 - y,1 - z 2.68(4)
0O1---03 -1+ xYy2z 2.684(3)
O1---0O1A’ -Xx, 32 -z 2.780(4)
03---03A’ X Y Z 2.761(4)
O3A---0O1A’ -12 + x,12 -y, — 12 + z 2.753(3)
F4---F@4') 1+Xxy2z 2.754(14)
F4'---FAA’ -12 + x,12 + y, z 2.833(13)
Compound 5 H1---03’ -1/2 + x,32 — y, 112 + z 2.02(3)
H3---01’ 32 —x, =12 + y,1/2 — z 2.07(3)
H2---F4' 32 = x,12 +y,12 - z 2.45(2)
01---03' 32 — x, 12 +y, 12 — z 2.770(2)
01---03' =12 + x, 12 + y, 112 + z 2.750(2)

F4C

FIGURE 9 Tetramers of structure of 5 showing intermole-
cular H---O bonding.

(3). In a three-necked flask, a solution of 1,3-di-
methoxybenzene (1.38 g, 10.0 mmol) in acetonitrile
(5 mL) was cooled to 0°C under nitrogen and Select-
fluor fluorinating reagent, 1-chloromethyl-4-fluoro-
1,4-diazobicyclo[2,2,2]octane bis(tetrafluoroborate)
(3.54 g, 10.0 mmol) in acetonitrile (70 mL) was
added to the solution slowly. The reaction mixture

was maintained at 0°C for 10 hours and then at room
temperature for an additional 10 hours. On comple-
tion, the solution was poured into Et,0 (100 mL),
washed with water saturated with NaCl (2 X 30 mL),
and the volatile materials were evaporated to leave
a yellow oil (1.5 g). The mixture was poured onto a
silica gel column and eluted with ethyl acetate in
hexane (1:40) to give 3 (0.93 g, 60%) and a white
solid 4 (0.38 g, 25%). Spectral data for 3: IR (film)
3010 (w), 1654 (m), 1509 (s), 1210 (s) cm~!; 'H NMR
(CDCL,) & 7.00 (dd, Jyr = 11.2 Hz, Jygus = 9.0 Hz,
1H, 6), 6.57 (dd, Jysp = 7.2 HZ, Jyyass = 9.0 Hz, Jypris
= 3.0 Hz, 1H, H3), 6.37 (dt, J,sp = 7.2 Hz, Jyps =
3.0 Hz, 1H, H5), 3.87 (s, 3H, OCH,), 3.77 (s, 3H,
OCH,); “F NMR (CDCl,) & —146.07 ppm. 1,5-Di-
fluoro-2,4-dimethoxybenzene (4), mp 99°C (Ref. [14]
97-98°C). Spectral data for 4: IR (KBr) 3016 (m),
1540 (s), 1214 (s), 1054 (s) cm~'; '"H NMR (CDCL,) ¢
6.90 (t, Juse = 12.0 Hz, 1H, H6), 6.63 (t, Ji;r = 8.0
Hz, 1H, H3), 3.87 (s, 6H, 2 X OCH,); "F NMR
(CDCly) 6 —141.9 ppm.

Preparation of 4,6-Difluororesorcinol (5). To a
solution of 1,3-difluoro-4,6-dimethoxybenzene
(0.453 g, 2.6 mmol) in glacial acetic acid (2 mL) was
added 48% hydrobromic acid (2 mL). The mixture
was heated under reflux for 10 hours. The resulting
mixture was concentrated in vacuo, and the residue
was dissolved in a small volume of methylene chlo-
ride and chromatographed on silica gel. Elution with
(1:4) ethyl acetate in hexane afforded 5 (0.342 g,
90%), mp 130-132°C. Spectral data for 5: IR (KBr)
3505 (s), 1673 (m), 1524 (s), 1242 (s) cm~'; 'H NMR
(CDClL,) 6 6.96 (t, Jusx = 10.8 Hz, 1H, H5), 6.55 (t,



Jior = 8.5 Hz, 1H, H2); F NMR (CDCl,) 6 —145.61
(s, 2F) ppm; MS (EI) [m/e (species) intensity] 147
(M+ + 1)5.3,146 (M™*) 100, 128 (M+ — H,0) 2.3.

Preparation of 4-Fluororesorcinol (1) (a). To a
solution of 2,4-dimethoxy-1-fluorobenzene (0.4 g,
2.6 mmol) in glacial acetic acid (2 mL) was added
48% hydrobromic acid (2 mL). The mixture was re-
fluxed for 5 hours. The resulting mixture was con-
centrated in vacuo, and the residue was dissolved in
a small volume of methylene chloride and chroma-
tographed on silica gel. Elution with ethyl acetate in
hexane (1:4) afforded 1 (0.30 g, 90%), mp 97-98°C,
(Ref. [4b] 97-98°C). Spectral data for 1: IR (KBr)
3452 (s), 1653 (m), 1574 (s), 1505 (s) cm~!; '"H NMR
(CDCL) 6 7.00 (dd, Jysp = 11.2 Hz, Jype = 9.0 Hz,
1H, H5), 6.55 (dd, J,pp = 7.4 Hz, Jypye = 3.0 Hz, 1H,
H2), 6.32 (dt, Jyez = 5.0 Hz, Jion6 = 3.0 Hz, Jyyope =
9.0 Hz, 1H, H6); '°F NMR (CDCL,, §) —150.60 ppm;
MS (EI) [m/e (species) intensity] 128 (M+) 100.

(b). 1-Fluorodiaminobenzene (0.252 g, 2.00
mol) was dissolved in 4 mL of 35% H,SO, and then
allowed to cool to below 15°C. Ice (2.0 g) was added.
A solution of sodium nitrite (0.36 g, 95.22 mmol) in
ice water (4.2 mL) was added dropwise under the
surface of the ice-cooled solution with stirring at
such a rate as to maintain the temperature at 0-5°C.
The solution was stirred for an additional 3.5 hours.
To the cold (0°C) solution of the diazonium bisulfate
was added a solution of cupric nitrate trihydrate
(15.2 g, 73.2 mmol) in water (150 mL) at RT with
vigorous stirring. Copper (I) oxide (0.434 g, 6.72
mmol) was then added to the solution. The liquid
became dark blue and was stirred vigorously and al-
lowed to stand overnight. Then it was filtered to re-
move a brown solid. The aqueous solution was ex-
tracted with ethyl acetate (3 X 50 mL). After removal
of the solvent and subsequent sublimation, a yellow
solid product (1) was obtained (0.09 g, 35%).

Preparation of 2,4-Dimethoxy-I1-trifluoromethyl-
benzene (9). Into a mixture of Cd powder (5.058 g,
45 mmol) in DMF, CF,Br, (2.74 mL, 30 mmol) was
added slowly at 0°C. The mixture was stirred at RT
for 30 minutes, and HMPA (20 mL) was added. The
reaction mixture was cooled to 0°C, and CuBr (2.152
g, 15 mmol) was added. The mixture was then
warmed to 25°C and stirred for 10 minutes, and 2,4-
dimethoxy-1-iodobenzene (1.32 g, 5 mmol) was
added. The solution was heated for 48 hours at
100°C. The reaction mixture was cooled to room
temperature, and diethyl ether (150 mL) was added.
The solids were removed by filtration. Water (3 X
100 mL) saturated with NaCl was used to wash the
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organic layer that was dried with MgSO,. The crude
product was purified by column chromatography
and eluted with ethyl acetate in hexane (1:4) to give
a colorless oil (700 mg, 89%). Spectral data for 9: IR
(film) 3007 (m), 1605 (s), 1352 (s), 1323 (s), 1212 (s)
cm~1: 'H NMR (CDCL,) 6 7.43 (d, J,us = 8.5 Hz, 1H,
H6), 6.42-6.52 (m, 2H, H3, and H5), 3.84 (s, 2-OCH,,
3H), 3.80 (s, 4-OCH,, 3H); '"F NMR (CDCl,)J —61.56
ppm; MS (EI) [m/e (species) intensity] 206 (M*) 100,
187 (M+-F) 16, 176 (M+-OCH,+H) 18.4, 69 (CFy)
20.5.

Preparation of 4-Trifluoromethylresorcinol (10).
BBr; (0.3 mL, 3 mmol) was added to 2,4-dimethoxy-
1-trifluoromethylbenzene (0.206 mg, 1 mmol) in
CH,CI, (40 mL) at —78°C. After 2 hours at this tem-
perature, the mixture was allowed to warm to room
temperature, then it was stirred for about 20 hours.
It was poured into ice water (50 mL) and stirred vig-
orously for 1 hour. The water phase was extracted
with CH,CIl, (30 mL X 3). The organic layer was
washed with an aqueous saturated NaCl solution (30
mL X 3), and the organic layer was dried with
MgSO,. The crude product was purified by column
chromatography and eluted with (1:4) ethyl acetate
in hexane. A colorless solid was obtained (26.7 mg,
15%), mp 89-91°C. Spectral data for 10: IR (KBr)
3430 (s), 1642 (m), 1545 (s), 1512 (s), 1022 (s) cm™1;
'H NMR (CDCL,) § 7.40 (dd, Jyyars = 12.0 Hz, Jyspps =
8.0 Hz, 1H, H5), 6.42 (m, 2H, 2 H, and 6 H); 1°F NMR
(CDCl;) 6 —60.99 ppm; MS (CI) [1/e (species) inten-
sity] 178 (M*) 7.7, 159 (M+-H,0-H) 16, 151 (M*-
CO+H) 18, 111 (M+-CF,+2H) 9.5, 84 (M+-CF,C,H)
100, 69 (CF;}) 36.2, 55 (C,H,COH*) 92.

Preparation of 2,4-Dinitro-1-fluorobenzene (7).
Into a 100 mL three-necked round-bottomed flask
equipped with a thermometer, 1-chloro-dinitroben-
zene (20.4 g, 0.1 mol), anhydrous KF (11.6 g, 0.2
mol) and DMSO (20.4 g) were placed. The contents
were stirred at 100°C for 2.5 hours under nitrogen.
The mixture was filtered to remove the potassium
salts and then poured into ice water. The solid prod-
uct was separated by filtration and purified by re-
crystallization from ethanol. The yield is 64%, mp
28-30°C, (Ref. [6], 27.5-30°C). Spectral data for 7: IR
(KBr) 3109 (s), 1612 (s), 1574 (s), 1335 (s), 1270 (s)
cm~1: 1H NMR (CDCL,) 9 8.94 (dd, Jysp = 6.4 HZ, Jypse
= 2.7 Hz, 1H, H3), 8.53 (tt, Jyep = 6.4 Hz, Jys =
9.2 Hz, and Jyq; = 3.4 Hz, 1H, H5), 7.54 (t, Jyer =
9.3 Hz, 1H, H6); F NMR (CDCl,) 6 — 106.5 ppm.

Preparation of 1-Fluoro-2,4-diaminobenzene (8)
[15]. Into a 250 mL three-necked flask was placed
finely powdered iron (6.8 g, 0.12 mol), concentrated
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HCI (2.32 mL), and water (23.2 mL). The mixture
was heated to 95°C with stirring. After refluxing, a
solution of 2,4-dinitro-1-fluorobenzene (3.72 g, 0.02
mol) in ethanol (34.8 mL) was added dropwise. Stir-
ring and refluxing was continued for another 2 hours
followed by stirring at RT for 3 hours after addition
of Na,CO; (1.22 g). The unreacted iron and a sludge
of iron oxides was filtered off, and the residue was
extracted with ether (3 X 30 mL). The filtrate and
extract was distilled to remove the ether and ethanol,
the residue was extracted with CHCI, (3 X 25 mL)
and separated from water. The extract was distilled
to remove the CHCI, to give a dark brown oil. After
distillation, pure 1-fluoro-2,4-diaminobenzene (8)
(0.8 g) was obtained in 31.7% yield. Spectral data for
8: IR (film) 3452 (s), 1633 (s), 1542 (s), 1325 (s), 1245
(s) cm~'; '"H NMR (CDCl,) 6 5.97 (tt, Jysz = 6.4 Hz,
Jusis = 2.9 Hz, and Jys = 12.0 Hz, 1H, HS5), 6.06
(dd, Jysp = 7.6 Hz, Jy3s = 2.7 Hz, 1H, H3), 6.73 (dd,
Jugr = 10.8 Hz, Jous = 8.5 Hz, 1H, H6), 3.49 (s, 4H,
NH,); F NMR (CDCl,) 6 —106.5 ppm.
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SUPPLEMENTARY MATERIAL

For compounds 1, 4, and 5, see tables listing full data
collection and processing parameters, bond lengths
and bond angles, atomic coordinates, equivalent iso-
tropic and anisotropic displacement coefficients,
and hydrogen atom coordinates and isotropic dis-
placement coefficients (31 pages).
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