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ABSTRACT

The solution and solid-phase synthesis of imidazolones is reported. The key step for the preparation of these compounds is the N−H insertion
reaction of primary ureas into highly reactive rhodium carbenoid intermediates. Typically, a soluble or support-bound r-diazo-â-ketoester is
treated with a rhodium carboxylate catalyst in the presence of a primary urea to give the corresponding N−H insertion product. Subsequent
acid-catalyzed cyclodehydration of these insertion products affords the desired imidazolone products.

Combinatorial chemistry is a widely accepted methodology
that is used to generate libraries of molecules for the
discovery of biologically active leads and also the optimiza-
tion of potential drug candidates.1 The mainstay of combi-
natorial chemistry is solid-phase organic synthesis (SPOS).2

Here, the intermediate products are attached to insoluble
resins and consequently, workup and purification require only
simple washing and filtration procedures. One problem with

solid-phase chemistry is that some types of solution-phase
reactions do not readily transfer onto the solid-phase format.3

One class of reactions that has received little attention in
solid-phase applications are those of diazo-functionalized
substrates.4 This is surprising since diazo compounds have
great utility in synthetic organic chemistry5 and in light of
this, research from our laboratory has shown the potential
of these substrates in the solid-phase synthesis of oxazoles6

and indoles7 from polymer-boundR-diazo-â-ketoesters.8
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Additionally, several outstanding papers have recently been
published that describe the solid-phase synthesis of molecu-
larly diverse compounds using reactions of diazo-function-
alized substrates.9

Both our oxazole and indole solid-phase syntheses have
utilized highly reactive polymer-bound rhodium carbenoid
intermediates that are generated by exposure of the corre-
sponding diazocarbonyls with a rhodium carboxylate catalyst.
These reactive intermediates readily insert into the N-H
bond of primary amides10 and also into the N-H bond of
N-alkyl anilines11 to form products that are converted into
the corresponding oxazoles and indoles, respectively. In all
cases, these N-H insertion reactions have proven to be
efficient; hence, we began a program investigating the use
of these insertion reactions with alternative N-H-containing
substrates as a means of creating structurally diverse
compounds. Reported herein are our findings of rhodium
carbenoid N-H insertion reactions of primary ureas.

The imidazolones are 1,3-dinitrogen-containing five-
membered heterocycles that are structurally related to imi-
dazole. Since small heterocycles with similar structures are
known to exhibit a broad range of biological activity,
compounds such as the imidazolones constitute ideal scaf-
folds for combinatorial evaluation.12 With this in mind, we
postulated that the key imidazolone precursors could be
prepared by using an N-H insertion reaction of a primary
urea with a suitably activated diazocarbonyl. The preliminary
N-H insertion and 2-imidazolone formation reactions were
investigated in the solution phase, Scheme 1 and Table 1.

To optimize the insertion reaction conditions, several
variables were investigated before an acceptable method was
found. The major problem encountered was the solubility

of the urea reaction component. Solvents that were examined
included chlorinated hydrocarbons such as 1,2-dichloroethane
(DCE) and aromatic hydrocarbons (benzene or toluene).
Although these solvents did not fully solubilize the urea
substrates2, the reaction was still tenable. Polar aprotic
solvents such asN,N-dimethylformamide (DMF) orN,N-
dimethylacetamide (DMA) were able to fully solubilize ureas
2 but gave poor results in the insertion reaction. To overcome
these solubility issues, it was imperative to use finely
powdered ureas with vigorous stirring of the reaction to
achieve improved yields of product as estimated by TLC.
During the optimization experiments, we also found that the
manner in which the catalyst was added to the reaction was
critical for success. When the catalyst was added in one
portion, several unidentified side products were observed by
TLC. The best procedure involved preparing a fine suspen-
sion of the rhodium octanoate catalyst in toluene using
sonication. This suspension of catalyst was slowly added to
a vigorously stirred, preheated suspension of the primary urea
2 (1.5 equiv) and theR-diazo-â-ketoester1 over a period of
10 min. Generally, all of the reactions were complete after
an additional 20 min of heating. Although the N-H insertion
product3 (R1 ) R2 ) Ph) from this reaction could be isolated
and characterized, the best yield obtained was only 34% after
purification by chromatography and recrystallization. We
postulated that the slightly acidic nature of the silica gel may
have been responsible for the conversion of the insertion
product3 into the imidazolone4 via acid-catalyzed dehydra-
tion. To verify this, after the insertion reaction had been
allowed to proceed, the solution was cooled to room
temperature before the addition of a 10% volume of TFA.
Gratifyingly, the desired imidazolones4 were isolated
directly from this two-step, one-pot reaction in excellent
yields. The results from these experiments are presented in
Table 1. The N-H insertion reactions of a methylguanidine

and phenylthiourea were also investigated (Table 1 entries
5 and 6). When the reaction was performed with meth-
ylguanidine, consumption of the startingR-diazo-â-ketoester
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Scheme 1a

a Reaction conditions: (a) Rh2Oct4 (2 mol %), 2 (1.5 equiv),
1:1 toluene/DCE, 80°C, 30 min. (b) 10% TFA, rt, 30 min.

Table 1. Solution-Phase Synthesis of Imidazolones4
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1 was observed; however, no N-H insertion product could
be isolated from the reaction. When phenylthiourea was used,
both starting materials were isolated unchanged even after
heating for extended periods.

On the basis of the successful results in solution, the solid-
phase version of the primary urea insertion reaction was also
investigated, Scheme 2. Here, the hydroxypentyl-JandaJel7,13

polymer-boundR-diazo-â-ketoester8 5 was allowed to react
with 3 equiv of urea2 under conditions similar to those
developed in the solution phase. The progress of this reaction
was easily monitored by IR (disappearance of the CdNdN
stretch at∼2140 cm-1, and the conversion to the desired
urea insertion product was confirmed by the appearance of
urea carbonyl and NH stretches at∼1650 and 3360 cm-1,
respectively). Treatment of resin-bound insertion product6
with 10% TFA at room temperature afforded the resin-bound
imidazolone7 within 1 h, as determined by IR (disappearance
of the NH stretch at∼3360 cm-1, ketoester absorptions at
∼1740 and∼1690 cm-1, and urea carbonyl absorptions at
∼1650 cm-1 and the appearance of a strong carbonyl
absorption at∼1700 cm-1 corresponding to both theR,â-
unsaturated ester and the cyclic urea). The polymer-bound
imidazolones7 were then cleaved from the resin by trans-
esterification to give esters8 or by a diversity-building
amidation reaction14 to give amides9. After cleavage, crude
products8 and9 were passed through a filtration cartridge
containing either a strong acid (esters8) or mixed bed ion-

exchange resins (amides9) to remove excess reagents before
being analyzed for purity using HPLC. Finally, each of the
crude products8 and9 were further purified using preparative
TLC to give final isolated yields of product based upon the
loading of resin5.

To investigate the scope of this reaction and establish its
tolerance of different substrates, a pilot library was prepared
using eightR-diazo-â-ketoesters5 and five ureas2 (Tables
2 and 3).

The results presented in Table 2 were obtained using
phenylurea2 (R2 ) Ph) and variousR-diazo-â-ketoesters5
containing electronically and chemically diverse substituents
(R1). As shown in Table 2, this reaction sequence provided
the desired products in respectable yields and high purity.
The only exception was the product bearing long alkyl R1

substituents (entries 8 and 9), presumably due to the
competing intramolecular C-H insertion as a possible side
reaction.5,15 Data provided in Table 3 was obtained using
electron-rich and electron-deficient aryl, benzyl, and alkyl
primary ureas, and each substrate gave modest to good yields
of product. It is noted that no evidence for the competing
insertion into the secondary urea N-H group was observed.

The final part of this study was the introduction of an
additional substituent onto the aryl imidazolone10 using a
Suzuki coupling reaction16 (Scheme 3). Here, incubation of
10with phenyl boronic acid and palladium catalyst followed
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Scheme 2a

a Reaction conditions: (a) Rh2Oct4 (2 mol %),2 (3 equiv), 1:1
toluene/DCE, 80°C, 30 min. (b) 10% TFA, rt, 30 min. (c) NaOMe
(2.5 equiv), 4:1 THF/MeOH, 50°C, 1 h. (d) Piperidine (10 equiv),
AlMe3 (5 equiv), toluene, 50°C, 16 h.

Table 2. Solid-Phase Synthesis of Imidazolones8 and9
(R2 ) Ph)

a Purity of crude product assessed using HPLC (254 nm).b Yield of pure
product after isolation using preparative TLC.
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by transesterification cleavage gave the crude imidazolone
11 in 92% purity and in 33% yield after purification by
preparative TLC.

In summary, we have developed a highly efficient two-
step, one-pot procedure for the synthesis of imidazolones in
solution. The first step involves a novel N-H insertion
reaction of a primary urea into anR-diazo-â-ketoester-
derived rhodium carbenoid. This insertion product rapidly
ring closes to form the desired imidazolone product by brief
treatment with acid. This chemistry readily translates onto
insoluble polymer resins and has been utilized to prepare a

small array of imidazolones. The chemistry of other polymer-
bound carbonyls and insertion reactions is currently under
further investigation in our laboratory, and these results will
be reported in due course.
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Table 3. Solid-Phase Synthesis of Imidazolones8
(R1 ) 4-CF3Ph)

a Purity of crude product assessed using HPLC (254 nm).b Yield of pure
product after isolation using preparative TLC.

Scheme 3a

a Reaction conditions: (a) Phenylboronic acid (10 equiv), K3PO4

(10 equiv), Pd(dppf)Cl2 (20 mol %), dioxane, 90°C, 24 h. (b)
NaOMe (2.5 equiv), 4:1 THF/MeOH, 50°C, 1 h.
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