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Abstract — This review focuses on the synthesis and use of the imidazolidin-4-one
ring in synthetic and medicinal chemistry studies. It has remained remarkably
under-utilized as a motif in drug discovery despite its obvious similarity to the
widely encountered lactam pyrrolidinone, its isomer imidazolin-2-one and its
oxidation state variants, the hydantoins (imidazolidendiones), imidazolidines, and
imidazoles, as well as fused bicyclic ring systems. The synthesis of
imidazolidin-4-one is reported in only 3 journal articles and a search for the explicit
use of it in synthesis resulted in just 5 patents, and no academic journals. The
specific sub-structure motif is reported in 296 journal articles and 65 patents. The
different methods reported for creating substituted analogues will be discussed, as
well as the application of the moiety in medicinal chemistry projects and alternative

uses of these analogues as organic catalysts and prodrugs.

Early Reports:

The history of imidazolidin-4-one starts with investigations into the synthesis of diphenylhydantoin
(phenytoin, Dilantin) described by Heinrich Biltz in 1908, and later found to have antiseizure effects.? In
the first reported synthesis of an imidazolidin-4-one, (Scheme 1), the phenytoin analogue,
5,5-diphenylthiohydantoin (1), was shown to react with sodium in amyl alcohol to produce
5,5-diphenylimidazolidin-4-one (2).3* Carrington et al. later reported that the same reduction of the
thiocarbonyl intermediate (1) can also be achieved using Raney nickel.® Biltz’s findings were later
reinvestigated by Edward et al., while the key structures were in agreeance, there was a difference
between the structures of some derivatives.2 Whalley et al. found that the desulfurization step could also
yield a variety of stable intermediates or by-products including 5,5-diphenyl-2-hydroxy-4-imidazolidone
(3) and 4,4-diphenyl-5-oxo-2-imidazoline (4).f Such additional complexity may have limited the

application of this route to imidazolidin-4-ones.
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Scheme 1. (a) Raney Ni, EtOH, 30 min, reflux

Synthesis of Imidazolidin-4-ones

Condensation of carbonyl compounds and aminoacetamide equivalents

One of the principle synthetic routes to imidazolidin-4-one derivatives incorporates a reaction between an
aldehyde or ketone and an aminoacetamide. The unsubstituted imidazolidin-4-one itself can be produced
this way, from simple starting materials (Scheme 2).2 Treatment of 2-(benzylamino)-acetamide (5) with
formaldehyde gave 1-benzyl-3-(hydroxymethyl)imidazolidin-4-one (6). The hydroxymethyl group can be
removed by careful distillation at low pressure, giving a 1-benzylimidazolidin-4-one (7). The benzyl
group can then be hydrogenolysed to give the unsubstituted imidazolidin-4-one (8). This represents the
simplest reported access to the title compound.
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Scheme 2. (a) H,0O, CH,0, 30 min, reflux (b) 4 h, 150 °C (c) EtOH, 5% Pd-C, H,, 4 h, rt

A study of imidazolidin-4-one cyclisation by Pascal et al. found that when formaldehyde is used to
cyclize  2-(methylamino)propanamide (9) there are two products formed, the desired
1,5-dimethylimidazolidin-4-one  (10) and the by-product 3-(hydroxymethyl)-1,5-dimethyl-

910

imidazolidin-4-one (11) that exist in equilibrium (Scheme 3).>= While the hydroxy methyl may be
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removable in some cases, it can represent a significant obstacle to the usefulness of this approach.
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Scheme 3. (a) H.0, CH,O

Analogously, Harmon et al. had previously investigated the synthesis of 3-hydroxyimidazolidin-4-ones
by condensing a-amino hydroxamic acids with aldehydes.** For example, glycine hydroxamic acid (12)
and formaldehyde combine to form 3-hydroxyimidazolidin-4-one (13) (Scheme 4), which was reported to

be a ligand for the strychnine-insensitive glycine binding site of the NMDA receptor.:2
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Scheme 4. (a) CH,0, EtOH, H,0, 3 h, reflux

The general reaction actually dates back to 1951 where Davis et al. reported the synthesis of
2,2-dimethylimidazolidin-4-one (Scheme 5). Aminoacetamide (14) and acetone were combined to form
the Schiff base (15) which exists in equilibrium with the corresponding imino-oxazolidine (16).
Rearrangement occurs to yield the more stable imidazolidin-4-one product (17). This product is still labile
in basic or hot acidic solution, and is hydrolyzed back to aminoacetamide (14).2

HZN\)J\ ﬂ,)N\ NH, >I:/¥NH ©

17

Scheme 5. (a) acetone, benzene, 30 min, reflux (b) pyridine, 30 min, reflux

Spiroimidazolidin-4-ones can be prepared by utilizing cyclic ketones (Scheme 6). Condensing
cyclohexanone (18) with aminoacetonitrile (19) using sodium methoxide as a catalyst gives
1,4-diazaspiro[4.5]decan-2-one (20).22 This compound is more stable than dimethylimidazolidin-4-one

(17). These examples suggest that using substituted ketones give cleaner or more stable products than
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using formaldehyde. A separate publication concluded that some of the reported compounds, specifically
the 2-hydroxyimidazolidin-4-ones, actually existed as open chain tautomers.**
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Scheme 6. (a) NaOMe, MeOH, 15 min, 100 °C

Khalaj et al. reported where a variety of 2-aminoacetamide analogues will cyclize with carbonyl
compounds to imdazolidin-4-ones, but only by refluxing in methanol with a p-toluenesulfonic acid
catalyst.> Another report indicated that H-Y zeolite is also a useful catalyst, which has the advantage of
being heterogeneous and can therefore be easily removed from the reaction by filtration.'® These reports
show the scope of this reaction, proceeding with both aryl and alkyl derivatives on the acetamide and
carbonyl reagents. A series of such compounds were patented for their anti-inflammatory and analgesic
effects.t’

R Q (0] RlR
Ry 2 a) or (b HN 2
w)kNHZ P SULIC e
NH2 3 4 R4 H
21 22 23

Scheme 7. (a) p-TsOH, MeOH, 6 h, reflux (b) H-Y zeolite, MeOH, 12 h, reflux

Published methods exist for synthesizing a wide variety of diversely substituted imidazolidin-4-ones from
a resin bound aminoacetamide. This presents an ideal opportunity for parallel synthesis of large libraries
with significant diversity and this has been successfully demonstrated.
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Scheme 8. (a) ArCHO, trimethyl orthoformate, AcOH, NaBHsCN, 1 h, rt (b) benzotriazole, R°CHO,

benzene, 16 h, reflux (c) HF, 1.5 h, -5 °C
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Rinnova et al. developed a solid phase synthesis of 1,2,5-trisubstituted imidazolidin-4-ones (27), that was
used to synthesize an extensive series of analogues. Scheme 8 begins with reductive amination of a resin
bound aminoacetamide (24), with benzaldehyde to give (25), which can then be cyclised with another
aldehyde (26).

The resin cleavage step requires the use of hydrofluoric acid and produces diastereomeric products. This
methodology was used to create a library of compound mixtures.?® A similar report using a modified
synthetic scheme reported making a library of 180 different spiroimidazolidin-4-ones.*% An alternate
method was published by Qin et al. including a solid phase synthesis of 1,2,5-trisubstituted
imidazolidin-4-ones, that uses a photo cleavable linker, avoiding the hazards of using hydrofluoric acid.2:

Cyclization by addition of Nitrogen

A less well documented synthetic approach exists where ammonia is inserted to cyclize a carbonyl
containing compound. The Schiff base of an amino acid ester and an aldehyde can be cyclized to give 2,5
substituted imidazolidin-4-ones. The precursor and imidizolidin-4-ones are achieved in high yields, using
mild conditions (Scheme 9).%22 Amino acids esters can react with benzylidenemethylamine (31) to give
tri-substituted imidazolidin-4-ones (Scheme 10).2 This is somewhat analogous to an intermolecular
version of the Schiff base cyclisation above. Two molecules of acetone can be combined to yield a
2,2,5,5-tetramethylimidazolidin-4-one, through a reaction with sodium cyanide and ammonium chloride
(Scheme 11).% It has been supposed that this method would allow for large scale synthesis of relatively

simple imidazolidin-4-ones.?
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Scheme 9. (a) NH4,OH, 1520 h, rt
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Scheme 11. (a) NH4CI, H,0, 5 h, 40 °C (b) NaOH, MeOH, H,0, 8 h, 30 °C

In another variation, treatment of a-haloacetamidobenzophenones (36) with hexamine vyields
1,1’-methylenebis(3-(4-halophenyl)imidazolidin-4-ones) (37) which can be acid hydrolyzed to give

corresponding imidazolidin-4-ones (38).%
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Scheme 12. (a) hexamine, EtOH, 2 h, reflux (b) HCI, CHCl3, EtOH, 15 min, rt

Imidazolidin-4-one by ring expansion and contraction

Other general synthetic routes to imidazolidin-4-one and analogues rely on ring expansion reactions.
Imidazolidin-4-one structures have been reported by ring expansion of precursor B-lactams. In another
explicit synthesis of imidazolidin-4-one itself, the azetidin-3-one (39) is converted to an oxime and then

mesylated to give 41. Beckmann rearrangement gives the carbamate which can be deprotected to yield the

desired compound (43).%
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Scheme 13. (a) NH,4CI, H,O (b) methanesulfonyl chloride (c) Al,O3, benzene (d) H,, Pd
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Bird et al. described the conversion of B-lactam (44) to imidazolidin-4-one (45) (Scheme 14). The
benzylacetamide function was shown to play some role in the transformation. This was shown by
replacing it with p-methylbenzenesulfonamide and observing that it does not react in the same manner.2

This suggested that the reactions usefulness could be limited to only a smaller range of compounds.
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Scheme 14. (a) I,, xylene, reflux

Oxaziridine (46) reacts with substituted N-arylketenimine (47) and to produce a complex
imidazolidin-4-one (48) (Scheme 15). The nature of this product was confirmed by several subsequent
reactions. Acidic hydrolysis yielded anilide and benzaldehyde. Treatment with lithium aluminium hydride
with an acidic workup gave an acyclic diamine and benzaldehyde, yet with a basic workup gave a
1,3-diazolidine.® The reaction in Scheme 16 produced imidazolidin-4-ones (51) from nitrones (49) and

isocyanides (50) in a conceptually similar manner.*
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Scheme 15. (a) benzene, 50 h, 80 °C
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Scheme 16. (a) CH,Cl, 10 h, rt

A number of examples where aziridine precursors have been converted to imidazolidin-4-ones exist in the
literature. In Scheme 17 2-cyanoaziridine (52) interconverts to compound (53) which reacts with

phenylisocyanate to form 4-imidazolidinone (54).3 A similar reaction is shown in Scheme 18, substituted
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2-(alkoxycarbonyl)aziridines (55) ring open to give azomethine ylides (56) which can react with vinyl
isocyanates and give rise to imidazolidin-4-ones (57). This shows that a variety of functional groups are
tolerated in this transformation.*2

Finally in Scheme 19 3-aryl-1-methylaziridine-2-carboxamides (59) convert to intermediates (58) and

react with 1-aryl-2-bromoethenes to give functionalized imidazolidin-4-ones (60).%
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Scheme 17. (a) PhNCO, toluene, 24 h, rt
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Scheme 18. (a) PhCHC(CN)NCO, toluene
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Scheme 19. (a) PhCHCHBr, Cul, N,N-dimethylglycine, Cs,COs3, dioxane, 12 h, reflux

A remarkably fast ring expansion occurs when adding LDA to a solution of
1-benzhydryl-2,4-dimethyl-1,2-diazetidin-3-one (61), where the N-methyl carbon is incorporated into the

imidazolidin-4-one ring of 62 (Scheme 20).2* The suggested mechanism was supported by deuterium
incorporation experiments.

CHPh H
N 2 (@) l/N
. — o
N N
Ph,HC {:
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Scheme 20. (a) LDA, THF, 1 min, -78 °C
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In an attempt to synthesize a range of substituted B-lactam ring systems Shevtsov and coworkers
discovered Scheme 21 where 1,2-dialkyldiaziridines (64) react with arylketenes (63) to give

imidazolidin-4-ones (65).%
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Scheme 21. (a) TEA, Et,0, 17 h, -30 °C to rt

Imidazolin-4-ones have also been obtained by ring contraction. Photochemical irradiation of
3,6,6-trimethyl-5,6-dihydropyrazin-2(1H)-one (66) (450W mercury lamp) in aqueous solution gave
5-methylimidazolidin-4-one (67) (Scheme 22). The by-product of this reaction is acetone and a
corresponding mechanism has been suggested, however the practical scope of this reaction is yet to be

reported.%®
Another interesting ring contraction (Scheme 23) to highly derivatized imidazolidin-4-ones (69) arises

from the desulfurization of hexahydrotriazines (68), however this approach also yields hydantoins. A

complex six step mechanism is proposed for this reaction.*’
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Scheme 22. (a) hv, H,0, 96 h, rt
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Scheme 23. (a) Raney Ni, acetone, 4 h, rt

Other routes to imidazolin-4-ones
Several other routes have been taken to imidazolidin-4-one derivatives and are summarized here. First,

4-nitro-1-phenylazoles (70) treated with reducing aluminium give an intermediate oxime (71), and that
converts to an imidazolidin-4-one (72) in fair yields. The versatility of this pathway has yet to be
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significantly investigated (Scheme 24).%
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Scheme 24. (a) Red-Al, MeOH (b) NaOH, H,0,, MeOH, H,0

The Weinreb amide (73) in Scheme 25 reacts with potassium hexamethyldisilazide and cyclopentyl
bromide to give a substituted imidazolidin-4-one (74). However the cyclisation reaction is dependent on

the exact nature of the substituents, and can yield alternate 5-membered rings, therefore may not be useful
in other synthetic schemes.*

Br OH
HN
a
0 L /N/éo

73 74

Scheme 25. (a) potassium hexamethyldisilazide, cyclopentyl bromide, 20 h, -78 °C to rt

As shown in Scheme 26, 2-vinylimidazolidin-4-ones (76) can be prepared from a-amino allenylamides
(75). Microwave heating decreased the yield of imidazolidin-4-ones in favor of a 6-membered ring

product.®® Use of a gold catalyst can greatly increase the yield of imidazolidin-4-ones in this reaction.*:

=
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Scheme 26. (a) t-BuOK, THF, 4 h, rt (b) AuCls, MeCN, 12 min, reflux

The reaction in Scheme 27 of diethylzinc with a a-aldiminoester (77) vyields a substituted
imidazolidin-4-one (78) albeit as a side product of (79). The reaction is enantioselective but the

imidazolidin-4-one was the minor product in all but one reported case.*? Perhaps this would be amenable
to optimization.
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Scheme 27. (a) Et,Zn, Ti-cat, toluene, -40 °C

Another method of combining an aminoacetamide and carbonyl containing compound is a
three-component aza-Michael addition reaction (Scheme 28). The example below uses
(S)-2-amino-N-alkyl-3-methylbutanamide (80), 4-nitrobenzaldehyde (81) and but-3-en-2-one (82)
producing imidazolidin-4-ones (83) in a highly stereoselective manner (up to 50 : 1).% The usefulness of

chiral imidazolidin-4-ones as organic catalysts will be discussed further.
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Scheme 28. (a) TFA, i-PrOH, 48 h, rt

Imidazolidin-4-ones in synthesis

There are rather fewer reported reactions that use imidazolidin-4-ones as reactants reported in the
literature. This may reflect the simplicity of making these compounds with the desired functionalities
already in place or the difficulty of modifying them post-cyclization.

The facile nature of imidazolidin-4-one ring cyclisation and opening has been exploited in the synthesis

of modified amino acids, via alkylation or substitution at an existing chiral center with stereocontrol.**
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Glycinamide hydrochloride is converted to racemic 2-tert-butylimidazolidin-4-one by treatment with
pivaldehyde followed by TFA. This racemic mix can be resolved by chiral HPLC or by two rounds of
crystallization, the first with camphor sulfonic acid and then with N-acetyl-(R)-valine to give an
enantiomeric ratio of greater than 99.5:0.5. The enantiopure imidazolidin-4-one (86) is protected with
Boc and methylated to give (88). Activation with lithum diisopropylamide allows for substitution with an
electrophile in a highly stereoselective manner. The monosubstituted imidazolidin-4-one (90) can then be
deprotected, hydrolyzed without racemization. The resultant amino acid methyl ester is treated with
benzylchloroformate to protect the amine, and for ease of purification. Alternatively a second round of
activation, this time with N-butyl lithium and another stereoselective reaction with an electrophile gives
di-substituted imidazolidin-4-one (92). Following deprotection and hydrolysis an a,a-disubstituted amino

acid methyl ester is revealed (Scheme 29).*>%°
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Scheme 29. (a) t-BuCHO, Et3N, CH,Cl,, 16 h, reflux; (b) TFA, CH,Cl,, 24 h, rt; (c) (S)-(+)-CSA,
acetone/MeOH, 16 h, reflux to rt; (d) N-acetyl-(R)-valine, EtOAc, 16 h, reflux to rt; (e) Boc,O, Et3N,
CH,Cly, 3 h, rt; (f) MesOBF,, CH:Cly, 24 h, 0 °C; (g) LDA, THF, 40 min, -78 °C; (h) R'X, 12 h, -78 °C to
rt; (i) TMSO-Tf, CH,Cl, 12 h, -15 °C; (j) 0.1M aqg. TFA, THF, 4 d, 4 °C; (k) Z-Cl, 2M NaOH, CH,Cl,, 1
d, rt; (1) BuLi, THF, 40 min, -78 °C; (m) R®X, 12 h, -78 °C to rt; (n) TFA, CH,Cl,, 8 h, rt; (0) 2M ag. TFA,
THF, 4 d, rt; (p) Z-Cl, 2M NaOH, CH,Cl,, 1 d, rt
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In a truncated Scheme 30 (S)-1-benzoyl-2-(tert-butyl)-3-methyl-4-imidazolidinone (95) is a key precursor
in the stereospecific synthesis of the antibiotic (+)-obafluorin (96).2* A related method has also been used

in a pilot plant scale synthesis of a cell adhesion inhibitor BIRT-377 (97).%8
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41\ H NO,
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95 96

Cl

BoW3
~

97 Br

Scheme 30

Several other works that include imidazolidin-4-one in some way have been published, some examples of
which will be examined here.
Scheme 31 shows substituted imidazolidin-4-ones (98) can undergo 4+4 cycloaddition reactions with

tetrachloro-0-benzoquinone (99) to give complex tricyclic systems (100).%

C

/ Cl | Ph
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+
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- o) cl cl o 0
Ph Cl Cl Ph
98 99 100

Scheme 31. (a) CH,Cl,, 20 min, rt

Whilst looking for novel nitrogen containing analogues of imidazolidin-4-ones, Blass et al. found that
imidazolidin-4-ones (101) undergo nitrosation (102) at the amine function as expected. Reduction to the
corresponding amine was found to be more challenging, proceeding only in the presence of zinc dust and

ammonium chloride, yielding 1-amino imidazolidin-4-one (103) (Scheme 32).%°
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Scheme 32. (a) NaNO,, AcOH, MeOH, 18 h, 0 °C to rt (b) Zn, NH4CI, MeOH, 10 min, 80 °C, microwave

An investigation into the optical properties and geometry of imidazolidin-4-ones derived from a-amino
acids concluded that circular dichroism spectrometry is a useful method for analyzing such compounds.®
A series of NMR experiments were also undertaken in an effort to better characterize these substituted
ring systems.>>>> Hydrolysis of the imidazolidin-4-one ring can be achieved by refluxing in 6 M
hydrochloric acid.>* Some 2,2,5,5-substituted imidazolidin-4-ones can form stable nitroxide radicals, and
can be used to stabilize synthetic polymers against light.>

There are a number of other medicinal chemistry projects that used imidazolidin-4-one in some way that

will be discussed later.

As Organic Catalysts

Imidazolidin-4-ones make up a family of very useful organic catalysts generally referred to as iminium
catalysts. They have a well understood activation mode that can be utilized in a number of different
stereoselective reactions.®® MacMillan et al. first reported highly enantioselective organocatalysis of the
Diels-Alder reaction Scheme 33. Finding that (S)-5-benzyl-2,2,3-trimethylimidazolidin-4-one (104) is an
efficient asymmetric catalyst that can be used in place of older Lewis acid type catalysts.>

Ph
HN
X + @ + //QO

catalyst
104
%bph %bCHo
(a) CHO + Ph
(2S)-endo (2S)-exo
93% ee 93% ee

Scheme 33. (a) cat. 5 mol%, MeOH, H,0, rt, 21 h
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This catalytic strategy was also applied to a 1,3-dipolar cycloaddition reaction in Scheme 34 between a
a,pB-unsaturated aldehyde (106) and a nitrone (105) giving 108 with a high ee. This reaction was not
viable with traditional metal catalysis, possibly due to metal chelation by the nitrone group, which is not

an issue when using this organic catalyst (107).>

Ph
PN L,
O’+\j + MO + “)\

e
N .
Bh \ HCIO,
catalyst
105 106 107
Bn Bn
-0 -0
(a) N o N o
E— . +
Ph" Ph
CHO CHO
94% endo 6% exo

94% ee 108

Scheme 34. (a) cat. 20 mol%, MeNO;, H,0, 21 h, -20 °C

In Scheme 35, singly occupied molecular orbital activation catalysis allows for asymmetric
functionalization alpha to a carbonyl group. This unique organocatalytic mechanism utilizes the same

class of imidazolidin-4-one organic catalysts (109) as iminium catalysis but involves a radical cation.?®>

o Ph
HN

catalyst
o 109
SRR AR
hexyl
91% ee

Scheme 35. (a) cat. 20 mol%, ceric ammonium nitrate, NaHCOs, DME, 24 h, -20 °C
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A solid phase equivalent of the iminium catalyst, used in the enantioselective Diels-Alder reaction, has
been synthesized attached to a PEG polymer matrix. This allows the catalyst to function as it does in
solution, and for easier catalyst recycling.® It has also been shown that different solid supports (e.g.

amide resin, silica) can be used to tune the activity of the catalyst.®*®*

Imidazolidin-4-ones in Medicinal Chemistry

The prevalence of imidazolidin-4-one in medicinal chemistry journals and patents has risen significantly
in recent years. This could be due to a number of reasons, including the need for pharmaceutical
companies to constantly be moving into new chemical space, rising interest in structurally related
compounds such as Rolipram (110) or simply that a small rise in interest promoted awareness and

research in this motif.

The imidazolidin-4-one scaffold has appeared in a number of recent patents and medicinal chemistry
journals for a wide variety of disease states. There have been patents filed for their use as CCR1
antagonists with possible anti-inflammatory effects (111),%* and as sodium channel inhibitors which are
typically used to treat cardiac arrythmia (112).2> A series of spiroimidazolidin-4-ones (113) were patented
by Pfizer as a treatment for diabetes related conditions.® A short series of compounds utilizing an
imidazolidin-4-one scaffold (114) were synthesized and tested for inhibitory activity at human leukocyte
elastase for a possible treatment of emphysema.®” Simple N,N-dihaloimidazolidin-4-ones (115) have been

patented for being biocidal at low concentrations.?

There is a similar variety of imidazolidin-4-one containing compounds that have been reported as BBB
penetrating agents with various activities. One patent claimed a series of analogs as CNS penetrating
agents (116)@ Another series has been patented as inhibitors of B-secretase for treatment for Alzheimer’s
disease (117).%22 Analogues of Spiperone (118) were originally patented in 1975 and have become useful

as radiolabels for imaging dopamine receptor subtypes.”®%

In work related to the synthesis of an
unsubstituted imidazolidin-4-one ring by Pfieffer et al. a patent has been filed for a series of nootropic
compounds (119).” A related paper by Pinza et al., utilizes imidazolidin-4-ones as an intermediate to get
to a related series of bicyclic compounds that could also be used as cognition enhancers.”® This vast

breadth of applications in medicinal chemistry highlights both the novelty and versatility of this motif.
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Pro drugs
Imidazolidin-4-ones can be labile to hydrolysis under physiological conditions; this has lead to several
investigations into prodrugs containing this motif. A prime example is Hetacillin (Figure 2, 120), a

prodrug of ampicillin which contains an imidazolidin-4-one ring that is cleaved in the body.”
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Ethanol is metabolized to acetaldehyde, it was hypothesized that this could react with a metabolite of
lidnocaine to form a stable imidazolidin-4-one species.”® The equivalent condensation with prilocaine
(121) and formaldehyde to form an imidazolidin-4-one prodrug (122) was investigated along with the

kinetics of its degradation (Scheme 36).”
0
\/\NJ\[(H (a) \/4
H N—:E >
0 /\/N\/
121 122

Scheme 36. (a) CH.0, toluene, 3 h, reflux

An analogous study (Scheme 37) was conducted on imidazolidin-4-one prodrugs (124) of primaquine
derivatives (123). Further studies found that these prodrugs were active anti-malarial agents in their own

right.”“”8 It was also found that formation of such prodrugs can occur in an enantioselective manner.”

MeO N MeO N
~
N7 0 (@) N o)
HN J\rNH HN N
N 2 W R1
\l\g/:\/\H Rl Me R3R2 v
123 124

Scheme 37. (a) R°R3CO, Et3N, sieves, MeOH, 3 d, reflux

To improve the metabolic stability of a peptide the amino terminus can be condensed with an aldehyde
such as acetone and form an imidazolidin-4-one. This peptide motif has been reported to occur naturally.
The open side chain of cyclopeptide alkaloid nummularine-B (125) was converted to an
imidazolidin-4-one (126) by treatment with formaldehyde in ethanol (Scheme 38). This derivatization

was used to confirm the existence of a natural equivalent peptide.®
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Scheme 38. (a) formaldehyde, H,O, <24 h, rt

In the presence of formaldehyde or acetaldehyde the N-terminus of glycopeptide antibiotic vancomycin
will spontaneously convert to an imidazolidin-4-one. This modification is reversible but while in the
cyclized state the drugs potency is significantly reduced.®t Similarly enkephalin peptides can resist
metabolism by adding an imidazolidin-4-one ring into the peptide backbone. The peptide will be
spontaneously hydrolyzed back to its native state in physiological conditions.2 Cyclizing the N-terminus
with acetone increases the half life of leu-enkephalin from 6 minutes to 23.5 hours.2? The activity and
stability of leu-enkephalin with imidazolidin-4-one rings installed at different positions have been
studied.®

CONCLUSION

In this review, we have identified the surprising number of different synthetic approaches that can be
taken to the synthesis of imidazolidin-4-one derivatives, and the variety of applications in which they can
be exploited as reagents, catalysts, bioactive molecules and prodrugs.

While the imidazolin-4-one ring has in many respects been neglected as a functional moiety in medicinal
chemistry, it has been appearing more often in recent times particularly in the patent literature. This
would seem to be logical as the ring system has multiple points of substitution and within its own
structure multiple means by which it could participate in interactions with macromolecular targets. As
such simply substituted imidazolin-4-ones can be envisaged as excellent components of fragment-based
screening libraries likely to possess high ligand efficiency as well as chemical novelty. The variety of
synthetic approaches should see numerous new compounds and interesting applications of this class of

heterocycle developed in the future.
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