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Abstract—The solid-phase synthesis of 1,5-substituted 2-(N-alkylamino)-imidazolidin-4-one from resin-bound amino acid is
described. Using a guanidinylating reagent in solution to form the guanidine moiety instead of resin-bound carbodiimide, an N-alkyl
substitution is introduced specifically onto the 2-amino position. Combined with an alkylation step of the resin-bound amino acid
prior to guanidinylation, all desired substitutions of the final products are achieved without racemization at chiral centers. This
reaction sequence is also compatible with a variety of protected amino acid side chains.
� 2003 Elsevier Ltd. All rights reserved.
The rapid synthesis of diverse libraries of small organic
molecules for biochemical studies and drug discovery is
an active research field.1;2 Among many classes of small
molecule libraries, 2-aminoimidazolin-4-one 1 is a very
attractive template for combinatorial synthesis, due to
its large number of possible substitution patterns and
interesting combination of potential hydrogen bond
donors and acceptors on a small five-membered ring
system. Even though the solution synthesis of substi-
tuted 1 starting from a-amino acids was known in the
1970s and the general synthesis using the aza-Wittig
route was reported in the 1980s,3;4 only recently
there have been more reports for parallel synthesis of
2-aminoimidazolin-4-one derivatives in solution5–9 and
on solid support.10–18

Most pioneering work of the solid-phase procedures
demonstrated the clever use of a-amino acids to
introduce a chiral substitution at position 5 of 1. At the
same time, on-resin formation of carbodiimide11–14;16–18

allows for introduction of other substitutions upon the
formation of the guanidine moiety before final cycli-
zation. The compounds synthesized usually bear sub-
stitutions at the 2-amino, 3- and 5-positions of the
parent ring 1, as shown in 2. However, this synthetic
route has some limitations. First, on-resin carbodiimide
formation requires the use of one aromatic substitution
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in the thiourea or urea precursor. This limits the
2-amino substitution to be aromatic in normal synthesis
of 2. Only in special cases, can one introduce double
alkyl substitution at the 2-amino position, as shown in
3. This changes the hydrogen bonding properties in this
class of 2-aminoimidazolin-4-one derivatives as com-
pared to those of 2.8;12–14 In addition, further alkylation
at position 1 of the parent ring was introduced at the
expense of the chiral center at position 5 using the
reported method.17 In this report, we will demonstrate
the solid-phase synthesis of derivatives of 2-aminoimi-
dazolin-4-one with well-defined monoalkyl substitu-
tions at the 2-amino position, as shown in 4. At the
same time, alkyl substitution at position 1 is also
introduced without loss of the chiral center at position
5 from the original starting amino acid. From a
diversity point of view, compound 4 will offer different
properties of noncovalent intermolecular interactions
than those of 2 or 3. The synthesis of compound 4 was
reported in one alternative route.15 We would also like
to compare our new synthetic method with the alter-
native method that starts with attachment of a thiourea
to solid support.
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Scheme 1. Solid-phase synthesis of 1,5-substituted 2-(N-alkylamino)-

imidazolidin-4-ones 11. Reagents and conditions: (a) 20% piperidine/

DMA; (b) 5 (5 equiv), PyBop (5 equiv), DIPEA (10 equiv), rt, over-

night; (c) NaCNBH3 (50 equiv), 7 (50 equiv), trimethyl orthoformate,

rt, overnight; (d) 9 (3 equiv), DIPEA (10 equiv), 2-chloro-1-methyl-

pyridinium iodide (3 equiv), rt, 48 h; (e) 94:3:3 trifluoroacetic acid/H2O/

triisopropylsilane, rt, 1 h.

Table 1. Results for the synthesis of 11

Com-

pound

R1 R2 R3 Isolated

yields

(%)

Observed

mass

11a –CH2COOH
Br

36
382.00

384.00

11b –(CH2)4NHþ
3 23

395.00

(TFA salt)
397.00

11c –CH2OH 32
353.90

355.90

11d –(CH2)2CONH2 32
394.90

396.90

11e –CH2COOH 30
415.90

417.90

11f –(CH2)4NHþ
3 Br 35

429.10

(TFA salt)
431.10

11g –CH2OH 39
387.90

389.90

11h –(CH2)2CONH2 25
429.00

431.00

11i
N

NH
TFA salt

28 437.90

439.90

11j N
H

NH2

NH2
+

TFA salt

32 457.90

459.90
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Our synthetic strategy changes the formation of the key
guanidine moiety from a resin-bound carbodiimide to a
reagent in solution. In doing so, the required aryl sub-
stitution for on-resin carbodiimide formation is no
longer a limitation for introducing substitution at the
2-amino position. Instead, a large number of guanidinyl-
ating methodologies may be employed. In this report,
we chose to use 2,2,4,6,7-pentamethyldihydrobenzofu-
ran-5-sulfonyl (pbf) activated thiourea as the guanid-
inylating reagent.19 The complete synthetic route is
shown in Scheme 1.

First, standard N-a-Fmoc protected amino acid 5 was
attached to Rink amide MBHA resin. After removal of
the Fmoc group, a reductive alkylation procedure20 with
alkyl or aromatic aldehyde 7 introduced the R2 substi-
tution. The formed secondary amine was subjected to
one guanidinylating step to introduce substitution
group R3 by reaction with a pbf activated thiourea 9 in
the presence of Mukaiyama reagent (2-chloro-1-methyl-
pyridinium iodide).19 Finally, the resin-bound product
was cleaved in TFA with spontaneous cyclization to
give the desired final product 11. After removal of TFA,
the crude mixture was dissolved in water, filtered to
remove insoluble components, and then purified by
reverse phase HPLC to produce pure 11.

Following the above procedure, we have tested the
synthesis of 11 using six amino acids with very different
protected side chains. Together with two aldehydes
(one alkyl, one aromatic) and one pbf activated thiourea
(N-(4-bromobenzyl)-N0-(pbf)-thiourea19), 10 derivatives
of 11 were obtained.21 The results are listed in Table 1.

The overall isolated yields of the purified product 11
averaged about 30%. These results are comparable to
the purified yields of similar compounds.17 Some reports
only listed crude yields,11–15 hence, we cannot directly
compare our results with those, which range widely from
20% to 100% in yields and from 60% to 99% in purity.

There are several findings in our results that are worth
noting. First, our synthetic route is suitable to a variety
of amino acids bearing protected side chains. These
cover all of the common protected functional groups in
natural amino acids (alcohol, acid, amine, amide,
imidazole, and guanidine). Among the large numbers of
reported derivatives of 2-aminoimidazolin-4-one syn-
thesized on solid support, only a few examples contain
either a protected acid or alcohol (or phenol) group,
for which the protections are retained in the final
product.15;18 In contrast, our current results are
among the first to show that a synthetic route for
substituted 2-aminoimidazolin-4-one is compatible with
such a diverse range of protected amino acids.

Secondly, we achieved the introduction of N1 substitu-
tion under mild conditions using reductive amination.
To the best of our knowledge, the only other solid-phase
method that can prepare N1-substituted 2-aminoimi-
dazolin-4-one starting with Fmoc protected amino acids
is the method developed by the Houghten group, which
utilizes a base promoted alkylation procedure. However,
the Houghten procedure produces 1,5-dialkylation that
leads to the loss of the chiral properties of the starting
amino acids whereas our protocol avoids the racemiza-
tion of the starting amino acids.

Thirdly, we have observed that the final cyclization
upon TFA cleavage of 10 was greatly enhanced by the
N1 substitution R2. During the purification of final
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product 11 by HPLC, we did not observe detectable
amount of uncyclized product. In contrast, if N1 sub-
stitution is absent by omitting the reductive alkylation
step in our protocol, the final TFA cleavage will produce
a mixture of cyclized and uncyclized products in �1:1
ratio.

Compared to an alternative synthesis of 1,5-disubsti-
tuted 2-alkylaminoimidazolin-4-one by Yang et al. that
starts with immobilized isothiourea and utilizes N-a-Boc
protected amino acids,15 our method is a good com-
plement in that our starting material uses Fmoc pro-
tected amino acids. Because in Fmoc chemistry all side
chain protections are acid sensitive and will be con-
comitantly removed during synthesis using our protocol,
we can save extra steps associated with final product
deprotection and purification. More importantly, our
procedure introduces the N1 substitution during the
solid-phase stepwise protocol. In contrast, the Yang
method relies on pre-formed N-substituted amino acids
to obtain N1 substitution.

In summary, we have shown a mild synthetic sequence
for 2-aminoimidazolin-4-one derivatives with well-con-
trolled alkyl substitutions. Our protocol is compatible
with diverse functional groups commonly found in the
starting amino acids, and offers an alternative route that
complements other reported methodologies.
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(14.0mg). ESI-MS (m=z): 382.00 and 384.00 ([M+H]þ for
both Br isotopes). 1H NMR (CD3OD, ppm): 7.52–7.55 (d,
J ¼ 8.3Hz, 2H), 7.25–7.28 (d, J ¼ 8.3Hz, 2H), 4.57, (s, 2H),
4.48–4.51 (t, J ¼ 4.2Hz, 1H), 2.96–3.44 (m, 4H), 1.98–2.05
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