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Abstract—A variety of nitro and nitrile compounds were fluorinated in good yields by Selectfluor under mild conditions. For these
transformations to be successful, it is crucial to select proper amounts of an appropriate base as a function of the properties of the

substrate and also to use Selectfluor only as required.
© 2005 Elsevier Ltd. All rights reserved.

The remarkable synthetic importance of nitro com-
pounds is based on two facts: (1) nitro compounds, espe-
cially aromatic nitro compounds, are valuable
precursors for azo dyes and explosives; and (2) their easy
availability and transformation into a variety of other
diverse functionalities makes them important reagents
for syntheses of complex target molecules.! The wide-
spread interest in halogenated nitro compounds also
stems from their pronounced antimicrobial and insecti-
cidal activity.> Although halogenation of nitroalkanes
is especially well known and simple,? there are few satis-
factory methods for introducing fluorine or fluorine-
containing groups into nitro compounds.* The usual
method is reaction of nitronate salts with fluorine® or
perchloryl fluoride.® However, these reagents are not
as readily used as off-the-shelf reagents, and their high
reactivities while offering little or no selectivity has cur-
tailed their use. In a rather novel process, fluorination of
nitro compounds with acetyl hypofluorite was reported.’
However, this requires the preparation of a rather unsta-
ble fluorinating reagent, which must be utilized
immediately.

More convenient, more efficient, and more straightfor-
ward methods for introduction of fluorine into nitro
compounds are highly desired. The use of a variety of
N-F-containing electrophilic fluorinating reagents
including perfluoropiperidine,® N-fluoro-N-alkyl-sulfon-
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amides,’ and N-fluoroquinuclidinium fluoride'® for fluo-
rination of nitro compounds was studied, but each of
these methods was examined with only a small number
of nitro compounds. Currently, 1-chloromethyl-4-flu-
oro-1,4-diazoniabicyclo-[2.2.2]octane bis(tetrafluorobo-
rate) (Selectfluor™, F-TEDA-BF,) is a commercially
available, powerful electrophilic fluorinating agent,
which is effective for site-selective fluorination of a vari-
ety of organic molecules.!! In order to develop a conve-
nient method for introducing fluorine into nitro
compounds with the potential for modifying the proper-
ties of some traditional high energy nitro compounds,
the base mediated reactions of nitro compounds with
Selectfluor were investigated.

The reaction of phenyl nitromethane 1a with Selectfluor
did not proceed under neutral conditions even when
subjected to heat or microwave radiation. It was clear
that in order to carry out this transformation an anionic
center would have to be formed initially. Potassium
hydroxide was an adequate base to cause the reaction
to occur. A mixture of acetonitrile and water (1:1) was
the best choice of solvent in which Selectfluor, KOH,
and 1a were dissolved. This reaction was carried out in
a stepwise process. After stirring the base and 1a for
2-3 hours in order to form the corresponding potassium
nitronate salt, Selectfluor was added in one portion, and
stirring was continued for 12 h to complete the reaction.
In most cases, a mixture of monofluorinated 2a, difluo-
rinated 3a, and starting material 1a was found. The nat-
ure of the base and amounts of base and Selectfluor were
controlled to guide the outcome of the reaction. After a
series of runs (Table 1), undertaken by balancing the
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Table 1. Optimization of the reaction conditions between la and Selectfluor

Solvent
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E E F

la  + Selectfluor  + Base _— Ph)\ NO, + Ph>< NO, la

2a 3a
1 1 None CH;CN* No reaction
1 1 KOH (1) CH;CN/H,0 10 (72%)° : 0 : 1
1 2 KOH (1) CH;CN/H,0 10 : 0 : 1.1
1 1 KOH (2) CH;CN/H,0O 10 : 2 1.6
1 2 KOH (2) CH;CN/H,0 10 (70%)° 2.5 0
1 1.5 KOH (1.5) CH;CN/H,O 13 (81%)° 1 0.1
1 1 TBAH (2) CH;CN 0 1 0°
1 2 TBAH (2) CH;CN 1 2 0

#Reflux or irradiation by microwave.
®Isolated yield.
¢ Complicated reaction.

yield of the intended product 2a, the chemoselectivity
(ratio of 2a to 3a) and conversion of 1a, the optimized
reaction conditions (highlighted in Table 1) using
1.5 equiv of KOH and Selectfluor was found, which
led to the monofluorinated product 2a in high yield,
although minor amounts of the difluorinated species
3a and a trace amount of starting material la was
observed in the crude product mixture prior to column
separation.

Further experiments led to the conclusion that there
were no general reaction conditions that would work
well for all substrates.!?> Depending on the substrate, a
different base, solvent system, and quantity of base
and Selectfluor were required for the intended transfor-
mation to occur. The optimized reaction results for each
substrate are given in Table 2.13

For most of the aryl substituted nitromethane com-
pounds (la—c), 1.5 equiv of KOH and Selectfluor were

Table 2. Monofluorination of nitro compound 1 with Selectfluor

required for complete conversion of the starting material
resulting in the monofluorinated compound as the major
product. However, when the same amounts of KOH
and Selectfluor were used in the reaction with 4-nitro-
phenyl nitromethane 1d, the reaction exhibited poor
chemoselectivity for both monofluorinated and difluori-
nated products in a ratio of 2:1. Under similar condi-
tions with benzoyl nitromethane 1le, the mono-
fluorinated product 2e was obtained in very low yield
although most of the starting material had been con-
sumed. This reaction did not give the difluorinated
product but rather benzoic acid was found as a low yield
by-product. If 1equiv of each KOH and Selectfluor
were used (Table 2), 2e was obtained in 40% yield
accompanied by a 20% yield of benzoic acid. Since diflu-
oronitromethane, which would be the expected hydro-
lyzed product of the difluorinated compound, was not
detected by '"F NMR spectra in the reaction mixture,
the following decarboxylation!* and oxidation process
is proposed (Scheme 1) in order to rationalize the forma-

RN 0, 1) Base/Solvent  F . F><F + RNO
2) Selectfluor R* NO, R™ 'NO, 2
1 2 3 1
R Base® S-F® Solvent 2:3:1 2¢ F NMRY
1a Ph KOH (1.5) 1.5 CH;CN/H,0° 13:1:0.1 81 —~139.9
1b 4-MeOC¢H,— KOH (1.5) 1.5 CH;CN/H,0° 12.4:1:0 79 —137.3
1c 4-BrCgH,— KOH (1.5) 1.5 CH;CN/H,0° 5.2:1:0 64 —140.9
1d 4-O,NC¢H,4— KOH (1.0) 1 CH;CN/H,0° 7:1:0 83 —142.9
1e PhCO- KOH (1.0) 1 CH;CN/H,0¢ 1:0:0 40 —144.8
1f PhCH,— TBAH' (1.5) 1.5 CH;CN/H,08 33:1:1 89 —145.8
1g Ci1Has— TBAH (1.5) 1.5 CH;CN/H,08 1:0:0 98 —146.7
1h CH5CO(CH,),— TBAH (1.5) 1.5 CH;CN/H,08 37:1:0.5 88 —147.5
1i n-BuO,C(CH,)»— NaH (1.1) 1.1 DMF 6:0:1 70 —148.0
1j PhC(OH)- KOH (1.5) 1.5 CH;CN/H,08 20:0:1 30 —153.9"
—163.1"
#Equivalents.

b Selectfluor, equivalents.

“Yield, %. All compounds were confirmed by NMR.
45 (ppm).

°1:1 ratio.

I Tetrabutylammonium hydroxide.

€2:1 ratio.

" Two diastereomers were produced in a ratio of 10:8.
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tion of benzoic acid. Selectfluor can also behave as an
oxidizing agent, and nitro compounds are labile to oxi-
dation to aldehydes or acids by some moderately strong
oxidizers.! It has been reported that some secondary and
primary nitro compounds could be oxidized to ketones
and aldehydes, respectively, by using FC105.°¢ The pro-
posed ketoacid intermediate was not detected.

For alkyl substituted nitromethanes 1f-h, tetrabutylam-
monium hydroxide (TBAH), was used. When the ratio
of acetonitrile and water was changed to 2:1, the reac-
tions gave the monofluorinated products 2f-h in high
yields and only traces of unreacted starting material
and difluorinated products were observed. In the case
of the nitro ester 1i, since the ester moiety, whether in
the starting material or in the product, underwent vigor-
ous hydrolysis when either KOH or TBAH was used as
base, this reaction was carried out using anhydrous
DMF as solvent with NaH as base. Perhaps due to the
hydroxyl functionality, the reaction of nitro alcohol 1j
was very complicated and gave the desired product only
in low yield.

Under the same conditions using KOH as base, we
found that the monofluorinated compound 2a could un-
dergo further fluorination to give the difluorinated prod-
uct 3a in 73% yield. Thus, if another portion of base and
Selectfluor was added to the same reaction mixture after
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chemistry. Some direct fluorination methods by treat-
ment of the corresponding carbanion species of nitrile
compounds with electrophilic fluorinating agents such
as FCl0O;,'® N-fluorobenzene disulfonimide,!” and fluo-
rine'® have been investigated. However, we looked for
a general method to fluorinate a variety of nitrile com-
pounds with Selectfluor.

Since protons alpha to the nitrile group have lower acid-
ity than those in nitro compounds, bases such as KOH
and TBAH did not promote the reaction of a nitrile
compound with Selectfluor. Although sodium hydride
did work in the reaction of a-benzoyl acetonitrile (4),'
it was a surprise to find that the reaction gave a mixture
of difluorinated (*’F & —92.04 ppm), and monofluori-
nated products ("’F § —191.70 ppm) and starting mate-
rial in a ratio of 10:4:7 with difluorinated product (5) as
the major product even when 1 equiv each of NaH and
Selectfluor were used in the reaction (Scheme 2). The
second fluorination step from monofluorinated product
to difluorinated product occurs more readily than the
first step fluorination of the starting material. Thus,
the monofluorinated product was not obtained. Finally,
4 reacted with 2.2 equiv each of NaH and Selectfluor to
furnish the difluorinated product 5 exclusively in 60%
yield (Scheme 2). Only a very strong base such as BuLi

the first monofluorination step of 1a was completed, the (0] 1) NaH (2.2 eq.)/THF, r.t. R CN
difluorinated product 3a could be directly obtained in CN ©)?<F
one pot through two stages. This two-stage process'> 2) Selectfluor (2.2 eq.), .. 5
gave the difluorinated products of 1la-d as expected in 4 60%

a straightforward manner although in a moderate yield
(Table 3).

Given the success of fluorinating nitro compounds, we

1) BuLi (1 eq.)/THF, -78 °C

CN
2) Selectfluor (1 eq.), -78 °C to r}©/‘\

o

. . 6 7
attempted, by using the same method, to introduce fluo- 35
rine into some nitrile compounds since these materials
also play a very important role in synthetic organic Scheme 2.
Table 3. Two-stage difluorination of nitro compound 1 with Selectfluor
i E F
NO, 1) two aliquots base F
R 2) two aliquots Selectfluor NO, + Q/k NO,
CH;CN/H,0 (1:1) R R
la-d 3a-d 2a-d
Entry 1 Base® S-F° 3:2 3¢ YF NMR¢
1 la H 1.5 1.5 1:0 47 —86.8
2 1b MeO- 1.5 1.5 5:1 41 —85.9
3 1c Br L.5 1.5 1:0 28 —86.8
4 1d NO, 1 1 10:1 66 —86.8

#KOH, equivalents.

b Selectfluor, equivalents.
Isolated yield, %.

45 (ppm).
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promoted the fluorination of 4-methylbenzyl cyanide
(6). When 1 equiv of BuLi was used, the reaction gave
only the corresponding monofluorinated product 7
(*’F 6 —164.38 ppm) in 30% yield (Scheme 2) along with
other by-products. About 50% of the starting material
was recovered. Increasing the quantity of BuLi resulted
in lower starting material conversion and more by-prod-
uct formation. Efforts to find the conditions to fully con-
vert the starting material and improve the reaction yield
are still in progress.

In conclusion, the reactions of a variety of nitro com-
pounds with Selectfluor were investigated. By choosing
an appropriate base as a function of the properties of
the substrate and using proper quantities of the base
and Selectfluor, these compounds could be monofluori-
nated or difluorinated in good to high yield with nearly
complete conversion. The study for efficient fluorination
of nitrile compounds is continuing.
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