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The synthesis of two light-fluorous TEMPO derivatives is reported, along with their application in oxida-
tion reactions.

� 2008 Elsevier Ltd. All rights reserved.
The ‘fluorous’ concept has rapidly expanded in recent years,
with many novel fluorous-tagged reagents reported and many
reactions being adapted for use in conjunction with the fluorous
biphase concept. There are now many excellent reviews of this
emerging area.1–5

One of the most widely used stable free radicals is 2,2,6,6-tetra-
methylpiperidine-1-oxyl or TEMPO 1. In order to assist in the puri-
fication of reactions containing TEMPO, there have been several
reports of tagged TEMPO-type reagents, including resin-bound6

and polymer-supported7–9 TEMPO-derivatives; an ionic liquid-
based TEMPO system by Jiang and Ragauskas10,11 and, concurrent
with our own work, two reports of heavy fluorous-based TEMPO
derivatives by Pozzi and co-workers12,13 and Reiser and co-
workers.14

Herein, we report the synthesis, characterisation, properties and
reactions of two light fluorous-TEMPO reagents, 2 and 3 (Fig. 1).
ll rights reserved.
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Figure
These were designed to be smaller and simpler than the alternative
tagged-TEMPO reagents. The compounds were prepared starting
from 4-oxo-TEMPO 5, itself prepared from 2,2,6,6-tetramethyl-4-
oxopiperidine 4 by oxidation with Oxone� (Scheme 1).15 With
the aim of attaching two simple fluorous ponytails by a reduc-
tive-type amination approach, we next prepared the fluorous-
amine 6 from the commercially available fluorous alcohol 7, via
tosylation,16,17 azidation18 and reduction with lithium aluminium
hydride18 (56% over three steps). Reductive amination gave the
mono-tagged TEMPO 8. All attempts at alkylation of this secondary
amine failed. However, formation of the fluorous amide proved to
be more successful. Starting from the same fluorous alcohol 7, oxi-
dation using Jones’ reagent gave the carboxylic acid,19 which was
converted into the acid chloride with thionyl chloride and triethyl-
amine. Amide formation proceeded in good yield to give the fluor-
ous-TEMPO reagent 2 20 in 16% overall yield over the five steps
F2)5CF3
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Scheme 1. Synthesis of light-fluorous TEMPO reagents.
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starting from 7. Initially, the synthetic sequence was performed
using two CF3(CF2)5 fluorous ponytails; the sequence was later re-
peated with two shorter CF3(CF2)3 ponytails to give 3, which
proved to be equally effective and in comparable yield.

The partition coefficients for the two fluorous-TEMPO reagents
were determined by stirring 25 mg of the fluorous-TEMPO in a
mixture of 1 ml of an organic solvent and 1 ml of a fluorous solvent
thermostated at 25 �C for 24 h. The best ratio obtained for 2 was
39:61 for dichloromethane: FC-72; all other fluorous/organic sol-
vent combinations for 2 and also for the lighter fluorous analogue
3 were less successful, suggesting that fluorous-organic liquid–
liquid extraction would not be possible for reactions containing
these reagents. Therefore, it was necessary to use fluorous solid-
phase extraction employing fluorous-silica21–23 to utilise, separate
and recycle these light-fluorous-TEMPO reagents.

Both fluorous-TEMPO reagents were used in a variety of oxida-
tion reactions, initially with the heavier Rf-TEMPO 2 and later with
the lighter Rf-TEMPO 3. Two different methods were employed for
the selective and high yielding oxidation of primary alcohols to
aldehydes and both methods gave good results.24 Both aromatic
and aliphatic alcohols were oxidised in excellent yields to the alde-
hyde, with no overoxidation to the carboxylic acid observed in any
case. The fluorous-TEMPO 3 recovered from the oxidation of p-
nitrobenzyl alcohol (Table 1, entry 1, method A) was re-employed
three additional times for the same reaction, also using Method A,
with no deterioration of reaction yield and only small loss in %
recovery of the fluorous-TEMPO on each occasion (ca. 10%). Double
oxidation of diols (Table 1, entries 6 and 7) gave the cyclic lactones
in very good yields. The reagent could also be employed for the
oxidation of secondary alcohols to ketones, albeit in lower yields
(Table 1, entry 5). Given their remoteness from the radical centre,
it was not surprising that similar yields for the oxidation reactions
were obtained for both the lighter and heavier Rf-TEMPO reagents.
All reaction mixtures were easily purified by fluorous solid-phase
extraction (SPE): the reaction mixture was extracted with water,
dried and concentrated and immediately loaded on to the fluorous
silica. This was eluted first with 10% water in methanol, to elute
the organic product(s), followed by 100% methanol to elute the
Rf-TEMPO. This ease of recycling offers a considerable advantage
over the current alternative fluorous-based TEMPOs, which require
lengthier purification processes.

In conclusion, we have prepared two light fluorous-TEMPO re-
agents and employed them as effective reagents for oxidation reac-
tions. The rapid synthesis of these compounds, their comparatively
low molecular weight and ease of recycling via fluorous solid-
phase purification give these fluorous-TEMPO reagents, we believe,
a considerable advantage over alternative fluorous and solid-sup-
ported TEMPO reagents.



Table 1
Oxidation reactions using fluorous-TEMPOs 2 and 3

Entry Starting
material

Product Methoda Lighter Rf-TEMPO 3 Heavier Rf-TEMPO 2

Yieldb (%) Recovered fluorous-
TEMPOc (%)

Yieldb

(%)
Recovered fluorous-
TEMPOc (%)

1

O2N

OH

O2N

H

O
A 76 91 86 (89, 82)d 97 (94, 95)d

B 65 89 — —

2
OH

H

O

A 89 94 — —
B 69 95 — —

3 CH3(CH2)4 OH
CH3(CH2)4

O

H
A 87d 94 91 94
B 61 92

4
OH

O

H A 89d 96 92 97
B 75 93

5
CH3(CH2)6

OH

CH3(CH2)6

O
A 62 87 74 95
B 0 94 — —

6 HO
OH

O

O
A 71 89 — —
B 64 88 —

7 HO OH O

O

A 73 (1:1.3 mixture
product:SM)

92 — —

8

OH

OH

H

OH O
A 0 96 0 98
B 0 97 0 89

a Method A: alcohol (1 equiv), fluorous-TEMPO (0.03 equiv), 0.5 M KBr (0.3 equiv), NaOCl and NaHCO3 (aq Buffer). Method B: alcohol (1 equiv), fluorous-TEMPO (0.1 equiv),
Bu4NBr (0.4 equiv), Oxone� (2.2 equiv).

b Purified and isolated yields. All compounds gave satisfactory spectroscopic and analytical data.
c Each reaction mixture was purified using fluorous solid-phase extraction using fluorous-silica: the organic material was first eluted using 10% water in methanol,

followed by elution with 100% methanol to remove the fluorous-TEMPO.
d Figures in parentheses are the yields and recovery for the second and third runs using the recycled Rf-TEMPO.
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