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Highly efficient methods for the syntheses of spiroimidazolinones via microwave-assisted three-component
one-pot sequential reactions or one-pot domino reactions are described. The efficiency and utility of the
methods have been demonstrated by quickly accessing the antihypertensive drug irbesartan (2).

Introduction

Microwave-assisted organic synthesis has impacted synthetic
chemistry significantly since the introduction of precision-
controlled microwave reactors.1 Numerous reactions including
heterocycle-forming, metal catalyzed cross-coupling, condensa-
tion, and cycloaddition reactions have been explored under
microwave conditions.2 In addition, microwave-heating technol-
ogy has been applied in the total syntheses of natural products.3

Imidazolin-4-ones (1) constitute an important class of phar-
macologically active compounds (Figure 1). The spiroimid-
azolinone irbesartan (2), in particular, has been a marketed drug
for the treatment of hypertension.4 Moreover, the compounds
containing core1 also show the potential for the treatment of
cancer5 and obesity-related disorders.6 Arsenal herbicide also
embodies this core scaffold.7 For these reasons, much attention
has been paid to the synthesis and biological evaluation of this
class of compounds.8

As part of our ongoing efforts to develop efficient method-
ologies and processes for the high-throughput synthesis of
pharmacologically interesting libraries for drug discovery, we
recently developed highly efficient protocols using microwave
technology.9 This new methodology was used for the synthesis

of quinazolinone compounds including both natural products3j-l

and natural product-templated libraries.10 As an extension of
this highly efficient methodology and in conjunction with our
interests in the synthesis of other drug-like heterocycles, we
started the investigation of a spiroimidazolinone heterocyclic
system. We envisioned that the development ofefficient and
concisemethods for the synthesis of this heterocyclic system,
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which overcomes the drawbacks of the existing methods in terms
of simplicity and versatility, would provide a practical way for
both target-oriented and diversity-oriented syntheses of this class
of compounds.11 Herein, we report our methodologies for the
synthesis of spiroimidazolinones and demonstrate their utilities
by the highly efficient synthesis of irbesartan (2) in two steps
from the readily available starting materials.

A number of methods have been reported for the synthesis
of spiroimidazolinones. One way was the dehydration-cycliza-
tion of a diamide to generate (3H)-imidazolinones, followed
by the installation of R2 via a nucleophilic substitution.4 An
alternative way was to construct the spiroimidazolinone scaffold
by a condensation of an amino acid ester with a pre-made
imidate ester or an imidoyl chloride.8c However, the existing
methods are not practical for the high-throughput synthesis
because of low yield, instability of the intermediates, and the
use of hazardous reagents.

Results and Discussion

Our retrosynthetic design of3 envisions the reactions taking
place as a three-component one-pot sequential process from
commercially available starting materials as illustrated in Figure
2. Spiroimidazolinone3 could be formed via a cyclization
reaction of4, which could be generated in situ by the amidation
of the ester6 with an amine5. Intermediate6, in turn, could be
formed in situ via a coupling reaction of an amino acid ester8
with a carboxylic acid7. All of these transformations would be
carried out under microwave conditions.

An empirical validation of our design (method A) started from
the synthesis of3a by employing our standard microwave
conditions.9 Initial efforts focused on optimizing microwave
conditions (Table 1). The reaction of methyl-1-amino-1-cyclo-
pentanecarboxylate hydrochloride (8a, 1.0 equiv) with valeric
acid (7a, 1.0 equiv) in the presence of P(OPh)3 (1.2 equiv) in
pyridine under microwave irradiation at 150°C for 10 min
generated intermediate6a as the only product detected by LC-
MS. Without isolating6a, benzylamine (5a, 1.0 equiv) was

added to the reaction mixture. The conditions for forming the
final product3a via a dehydration-cyclization reaction were
examined (Table 1). While the reactions at lower temperatures
(200-240°C) for 10 min only gave a mixture of intermediates
(6a and 9a) and product3a, microwave irradiation of the
reaction mixture at 250°C for 10 min triggered the effective
dehydration-cyclization reaction, which resulted in a one-pot
assembling of the desired product3a in 75% isolated yield.

The successful synthesis of3a via a three-component one-
pot sequential process (method A) encouraged us to further
simplify this sequential processto a domino process(method
B), which carries out a series of transformations as a single
operation in one pot.12,13 The modified retrosynthetic strategy
is depicted in Figure 3. We postulated that by heating the
reaction mixture of the three reactants7, 8, and10, the reaction
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FIGURE 1. The structures of the imidazolin-4-one (1) and irbesartan
(2).

FIGURE 2. Retrosynthetic strategy of3 (three-component one-pot
sequentialprocess, method A).

TABLE 1. Optimization of Microwave-Assisted Three-Component
One-Pot (Method A) Imidazolinone Formationa

temp
(°C)

reaction time
(min)

6ab

(%)
9ab

(%)
3ab

(%)

200 10 30 30 30
220 10 28 62
240 10 2 98
250 10 100 (75)c

a Reactions were conducted on a 0.2-mmol scale.b The reactions were
monitored by HPLC (ELSD) from LC-MS results of the reaction mixture.
c Isolated yield.
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sequence would be (I) to form6, (II) to generate amine5, (III)
to form4, and (IV) to yield products3. To realize this designed
domino sequence, the key would be the in situ de-Boc of the
masked amines10 to amine5 at the right step in the process of
a series of transformations under the reaction conditions. This
new design allows access to the products3 in one operation
step (despite using masked amines10), which would be an
attractive complementary method of a three-component one-
potsequentialprocess. For a faster exploration of the structure-
activity relationships (SAR) in drug discovery, this one-pot
domino process would be, in particular, simple and efficient in
the synthesis of a focused library that crosses only a few
numbers of masked amines,10, but large numbers of amino
acid esters,8, and carboxylic acids,7.

Toward this end, we first evaluated the following modified
reaction process (Scheme 1). Gratifyingly, simply by mixing
8a (1.0 equiv),7a (1.0 equiv),N-Boc-benzylamine (10a, 1.0
equiv), and P(OPh)3 (1.2 equiv) in pyridine and heating in
microwave at 250°C for 10 min, the desired product3a was
obtained with a yield of 72%, which was essentially as good as
method A.

The preliminary success with two sets of reactions on both
method A and method B prompted us to commence with the
evaluation of the reaction scope by applying an array of
carboxylic acids7, amino acid esters8, and amines5 (or N-Boc
amines10), aiming at achieving the ultimate goal of applying
these two methods for both the target-oriented and the diversity-
oriented synthesis.

Different amino acid esters8 were evaluated with method
A, as shown in Table 2. In general, all the reactions gave
excellent conversion (82-100%) with good isolated yields (65-
75%).14 The HCl or TFA salt forms of8 (entries 1 and 3-5)
worked, essentially, equally as well as the free base form (entry
2). In addition, tert-butyl ester (entry 4) also worked as

effectively as methyl ester. These features allow for the easy
selection of the amino acid esters from whichever readily
available forms. To further expand the diversity, nonspiro
imidazolinones3 were synthesized in good yields from the
corresponding8 (entries 4 and 5).

In addition, these microwave reaction conditions also proved
to be general for carboxylic acids7, as shown in Table 3
(evaluated with method A). Aliphatic (entry 1), aromatic (entry
2), and benzyl carboxylic acids (entries 3 and 4) all worked
smoothly, providing overall yields ranging from 59 to 74% with
conversion>90%, except pyridin-3-yl-acetic acid (entry 4,
77%).14

Next, the amines5 and masked amine10 were examined
with both methods (Table 4). Aliphatic amines (entries 1 and

(14) We isolated∼10% of the products of the oxidized benzylic position
of the benzyl group, which were not observed in the reaction mixture. This
may contribute to the discrepancy between the conversion yield and the
isolated yield. For example, the product of entry 1 in Table 2 was oxidized
after sitting in a NMR tube for days.

FIGURE 3. Retrosynthetic strategy of3 (one-potdominoprocess,
method B).

SCHEME 1

TABLE 2. Representative Imidazolinones 3 with Different Amino
Acid Esters 8

a The yields are determined by HPLC (ELSD) from LC-MS results of
the reaction mixture. In parentheses are the isolated yields by preparative
TLC. b This reaction needs 250°C for 15 min.

TABLE 3. Representative Spiroimidazolinones 3 with Different
Carboxylic Acids 7

a Microwave irradiation at 250°C for 10 min. The yields were determined
by HPLC (ELSD) from LC-MS results of the reaction mixture. In
parentheses are the isolated yields by preparative TLC.
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2), anilines (entry 3), benzylamines (entries 4-7), as well as
heterocyclic amines (entries 8 and 9), generally provided
excellent conversion (90-98%). To evaluate the purification
conditions for the library synthesis, products were purified using
standard in-house high-throughput HPLC methods, which
provided moderate to good recoveries (36-78%). In addition,
method B proved to work as well as method A (entries 2, 4, 6,
and 9). It is noteworthy that the benzyl-protecting group stayed
intact under the microwave-reaction conditions (entry 9).

To demonstrate the feasibilities of these two methods, the
synthesis of irbesartan (2) was conducted from its precursor3n
using a modified method (Scheme 2).8b Under microwave
irradiation at 220°C, treatment of3n with Bu3SnCl, NaN3, and
a catalytic amount of tetrabutyl ammonium bromide in DMF
for 1 h afforded2 in 73% yield. Thus, the synthesis of irbesartan
was achieved in two steps within several hours from com-
mercially available starting materials with a 55% overall yield,
which is nearly ideal in terms of step efficiency and operational
simplicity.

Summary

In summary, we have developed novel one-pot reactions using
microwave technology for the synthesis of spiroimidazolinones

via a three-componentsequential processanddomino process
from readily available starting materials. These new approaches
also feature applying only one reagent and one solvent in the
entire synthesis. All of these would greatly facilitate both the
target-oriented and diversity-oriented syntheses of spiroimid-
azolinones. The efficiency and utility of the methods have been
demonstrated by quickly accessing the antihypertensive drug
irbesartan. The further application of this microwave methodol-
ogy to the synthesis of other heterocycles will be described in
due course.

Experimental Section

4′-(2-Butyl-4-oxo-1,3-diaza-spiro[4.4]non-1-en-3-ylmethyl)-
biphenyl-2-carbonitrile (3n). Compound3n was prepared via
a sequential process(method A) and adomino process(method
B).

Method A. To a conical-bottomed Smith Process vial were added
0.4 mL of a 0.5 M solution of methyl 1-amino-1-cyclopentane-
carboxylate (0.2 mmol,8a) in anhydrous pyridine, 0.4 mL of a 0.5
M solution of valeric acid (0.2 mmol,7a) in anhydrous pyridine,
and 63µL (0.24 mmol) of triphenyl phosphate (neat). The reaction
vessel was sealed and placed in a monomode microwave reactor.
Irradiation was initiated at 300 W to raise the temperature to the
set point, and then power was applied at intervals and levels to
maintain the desired temperature. Reaction times reported included
time for the vial to ramp to the desired temperature. The sealed
vial was first irradiated for 10 min at 150°C. After cooling, to this
reaction mixture was added 0.2 mL of a 1.0 M solution of
4′-aminomethyl-biphenyl-2-carbonitrile (0.2 mmol,5b) in anhy-
drous pyridine. The sealed vial was irradiated for 10 min at 250
°C, with the pressure around 10 bar. After cooling, the reaction
mixture was concentrated in vacuo and the product was purified
by prep-TLC (ethyl acetate/hexane) 1/1), giving the purified
product as a yellow solid (58 mg, 75%).

Method B. To a conical-bottomed Smith Process vial were added
0.4 mL of a 0.5 M solution of methyl 1-amino-1-cyclopentane-
carboxylate (0.2 mmol,8a) in anhydrous pyridine, 0.4 mL of a 0.5
M solution of valeric acid (0.2 mmol,7a) in anhydrous pyridine,
0.2 mL of a 1.0 M solution of (2′-cyano-biphenyl-4-ylmethyl)-
carbamic acidtert-butyl ester (0.2 mmol,10b) in anhydrous
pyridine, and 63µL (0.24 mmol) of triphenyl phosphate (neat).
The sealed vial was irradiated in the microwave for 10 min at 250
°C with the pressure around 15 bar. After cooling, the reaction
mixture was then concentrated in vacuo, and the product was
purified by prep-TLC (ethyl acetate/hexane) 1/1), giving the
purified product as a yellow solid (55 mg, 71%).

2-Butyl-3-[2′-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-1,3-diaza-
spiro[4.4]non-1-en-4-one (Irbesartan, 2).To a conical-bottomed
Smith Process vial was added tri-n-butyltin chloride (195 mg, 0.6
mmol) along with 0.6 mL of DMF, followed by the addition of
sodium azide (39 mg, 0.6 mmol) and tetrabutylammonium bromide
(6.4 mg, 0.02 mmol). After vortexing the mixture, compound3n
(77 mg, 0.2 mmol) in 0.4 mL of DMF was added. The sealed vial
was irradiated in the microwave for 1 h at 220°C with the pressure
around 8 bar. The reaction mixture was concentrated in vacuo, and
the product was purified by prep-TLC (ethyl acetate/hexane/
methanol) 45/45/10), giving the purified product as a light yellow
solid (62 mg, 73%).

Supporting Information Available: General information,
characterization data, and copies of1H and 13C NMR spectra for
compounds2 and3a-q. This material is available free of charge
via the Internet at http://pubs.acs.org.

JO060228Q

TABLE 4. Representative Spiroimidazolinones 3 with Different
Amines, 5 or 10

a Method A. b Method B.c The yields are determined by HPLC (ELSD)
from LC-MS results of the reaction mixture. In parentheses are the isolated
yields by preparative HPLC.d In parentheses are the isolated yields by
preparative TLC.

SCHEME 2
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