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Abstract—In this Letter, we describe selective one step mono N-alkylations of cyclen (1,4,7,10-tetraazacyclododecane) using a range
of functionalized alkyl halides. This ‘easy to use’ synthesis gives rise to mono-derivatives of cyclen from various alkyl halides or,
when using alkyl dihalides, bis-cyclen derivatives, where the alkyl group links two cyclen macrocycles together. While the reaction
conditions require the use of 1:4 stoichiometry (alkyl halide:cyclen), any unreacted cyclen can be recovered with an aqueous extrac-
tion and successfully reused. This procedure was found to be quite versatile, being particularly well-suited for cyclen targets bearing
protected thiol groups, as well as a-chloroamide-derived chromophores; such cyclen pendant chromophores are employed as ante-

nnae for lanthanide luminescence probes and sensors.
© 2007 Elsevier Ltd. All rights reserved.

Selective N-alkylation is an important step in the prepa-
ration of functionalized nitrogenous macrocycles such
as cyclens or cyclams. To date, several synthetic routes
have been reported for the selective mono N-alkylation
of such frameworks. However, these usually involve
multi-step syntheses, which often require the temporary
protection of several of the amines in the cyclic frame-
work prior to the selective alkylation. Examples of such
synthetic strategies involve the use of common protect-
ing groups such as tert-butyloxycarbonyl (Boc),! p-tolu-
enesulfonyl (tosyl)? or the formyl® group in the 1, 4 and
7 positions of cyclen, followed by the alkylation of the
remaining amino moiety and then deprotection. An
alternative method often employed is the introduction
of bulky substituents on three of the nitrogens of the
macrocycle. Glyoxal* or transition metal carbonyls
M(CO)s,> such as Mo(CO)s, are the most commonly
used for this kind of protection. However, boron or
phosphorus derivatives have also been used for this pur-
pose.® Again, a final deprotection step is necessary to
provide the desired mono N-alkylated product.

Direct alkylation of cyclen or cyclam has been much
more rarely observed. Won and co-workers recently
reported the preparation of various mono N-alkylated
derivatives of such macrocycles.” However, both bis
and tris-substitutions were often observed, which led
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to the need for purification by column chromatography,
which is a real drawback in macrocyclic chemistry.
Furthermore, the expensive cyclen, used in excess as
the starting material, was not recovered. Hence, there
exists a need for an improved strategy for the introduction
of alkyl groups into such macrocycles in both high yields
and in a versatile manner.

Here, we describe a general method for the mono
N-alkylation of cyclen to obtain either mono-cyclen or
bis-cyclen systems depending on the nature of the pen-
dant arm. This improved synthesis involves the use of
a four fold excess of cyclen, which can be alkylated using
a variety of alkyl halides to give the mono product in
high yield. While this method involves the use of excess
cyclen, the unreacted macrocycle is easily removed
during the work-up stage and can be recycled. In this
Letter, we demonstrate the formation of several mono
N-alkylated cyclen derivatives, which are obtained in
high purity in moderate to good yields without the use
of lengthy column chromatography (Scheme 1).
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Scheme 1. The synthesis of mono N-alkylated systems, from cyclen.
The cyclen moiety was reacted in 4:1 ratio with the alkyl halide RX,
where X = Cl or Br.
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The synthesis involved the use of an alkyl halide
(1 mmol), which was added to a solution of cyclen
(4 mmol, 4equiv) and triethylamine (1.2 mmol,
1.2 equiv) in one portion, in freshly distilled CHCI;
(15 mL). The resulting solution was then refluxed gently
for 15h, under argon. After cooling to room tempe-
rature, the organic solution was washed three times with
5mL of a 1 M sodium hydroxide solution to remove the
excess of cyclen and then three times with water, dried
(MgS0,) and evaporated to yield colourless oils or white
powders. The unreacted cyclen could be recycled by con-
centrating the above alkaline solution under reduced
pressure and adjusting the pH of this concentrate to
neutral pH using HCI (1 M). This gave a white precipi-
tate, which when analyzed using "H NMR (600 MHz,
CDCl;) showed the presence of a single signal, a singlet,
at 2.67 ppm, consistent with the chemical shifts of the
methylene groups of the cyclen framework.

We first tested this simple method by making several
mono-systems with various pendant arms (the resulting

Table 1. Alkylation of cyclen with alkyl bromide or chloride via Scheme 1

products obtained in this investigation are summarized
in Table 1). Firstly, we used alkyl halides of several
lengths, such as propyl, n-hexyl and n-dodecyl, la—c,
onto the cyclen framework. Such derivatives are partic-
ularly important for magnetic resonance imaging
(MRI), since the Gd(III) complexes of such derivatives
have been used in the past as lipophilic paramagnetic
contrast agents.® These compounds were all formed
successfully (e.g., cyclen mono N-alkylated compounds
1d-f, Table 1), and obtained in moderate to good yields
and in high purity, as demonstrated by 'H NMR analy-
sis, the '"H NMR data matching that reported in the lit-
erature.” This was followed by the synthesis of several
cyclen derivatives bearing a pendant chromophore.
Examples include phenyl 2a, naphthalene 3a and acet-
amidoquinoline 4a, since such groups are commonly
used as antennae in sensitized lanthanide lumines-
cence.'® This gave compounds 2b, 3b and 4b, respec-
tively, in good yields. All characterizations were
consistent with the literature data previously reported.'!
These results clearly demonstrate the versatility of this
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simple method. Most importantly, it excludes the use of
additional synthetic steps. We also investigated the
formation of several mono-systems, functionalized with
various alkyl halides, which had terminal acetyl pro-
tected thiol groups, as such groups could be employed
to graft lanthanide ion complexes of such cyclen deriva-
tives onto surfaces to give monolayers (SAMs) or
Langmuir-Blodgett (LB) films.!”> A convenient way to
attach those entities onto these surfaces is to chemically
functionalize the pendant arms of the macrocycles with
an electrophilic entity capable of adsorbing onto the sur-
face, such as thiols.!? Halides 5a and 6a were used with
acetyl protected thiols, which can later be hydrolyzed to
give the desired thiol functionalities.'* Again here, the
one step reaction worked well, and the corresponding
cyclen derivatives Sb and 6b were synthesized in good
yields as colourless oils.!> We also investigated the
synthesis of several bis-cyclen systems, where two mono
N-alkylated cyclen macrocycles were linked together by
an alkyl spacer, as demonstrated in Scheme 2. This was
simply achieved by using alkyl dihalides. However, a
twofold increase in cyclen was required; an 8:1 stoichio-
metry was used; again any unreacted cyclen was easily
recovered.

Examples of the products of this modification are shown
in Table 2. Compound 7b has previously been reported
as an important starting material for the formation of
various transition metal ion complexes, and for the
formation of bis-Gd(III) complexes for use as MRI
contrast agents,>!® and as ribonuclease mimics for the
hydrolysis of phosphodiesters.!” Starting from the
commercially available 1,4-bis(bromomethyl)benzene
7a gave the desired bis-system 7b as a white powder, in
excellent yield. The incorporation of a di-sulfide bridge
was also achieved using 1,2-bis(12-bromododecyl)di-
sulfane, 8a, and was made according to a reported
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Scheme 2. General reaction for the synthesis of mono N-alkylated
cyclen bis-systems.

Table 2. Alkylation of cyclen with alkyl bromide via Scheme 2

procedure.!#* The reaction of 8a with 8 equiv of cyclen
in chloroform in the presence of triethylamine afforded
N-alkylated bis-system 8b as a colourless sticky oil with-
out the need for column chromatographic purification. '8

In summary, we have successfully improved the method
for the mono N-alkylation of the cyclen framework, by
using a 4:1 stoichiometry of cyclen to alkyl halides, in an
‘easy to use’ one step synthesis. We have also shown that
the excess cyclen can be easily recovered at the work-up
stage and subsequently recycled. We have also demon-
strated that alkyl dihalides can be used to give corres-
ponding bis-cyclens and that this method tolerates
several important functional groups such as disulfide
or protected thiol groups. We are currently exploring
the use of this method further for the synthesis of both
lanthanide-based ribonuclease mimics and in the synthe-
sis of lanthanide-based luminescence devices.
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