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Abstract (5S)-1-benzyl-5-(1H-imidazol-1-ylmethyl)-

2-pyrrolidinone and its closely related analog was synthe-

sized from (S)-pyroglutaminol and imidazole or substituted

imidazole using Mitsunobu reaction as the key step.
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Introduction

Hypertension is a major health risk factor in the developed

as well as developing countries and has been the target of

recent trends in the rational drug design (Laragh, 1980).

One of the biological mechanisms playing key role in

controlling hypertension is the renin-angiotensin system.

Angiotensin-II (A-II), a potent vasoconstructive octapep-

tide, is formed in the renin-angiotensin system and

plays vital role in regulating blood pressure (Burnier and

Brunner, 1999; Corvol, 1989; Gavras et al., 1978).

The observations prompted researchers to study and

control hypertension by competing Ang II binding to AT1

receptors and that led to the development of Losartan

(Duncia et al., 1990; Carini et al., 1990; Polevaya et al.,

2001; Roumelioti et al., 2002), Sartans, and several other

analogs as AT1 antagonists (Abston, 1994; De Casparo

et al., 2000; Easthope and Jarvis, 2002; Millard et al.,

2000; Rippin et al., 2002). Further studies taking into

account the stereochemical considerations have led to the

discovery of some other A-II antagonists such as Sarmesin,

Sarilesin, and various other peptides (Matsoukas et al.,

1994; Mavromoustakos et al., 2004). Recent studies based

on Losartan and the model proposed for Sarmesin led to the

discovery of (5S)-1-benzyl-5-(1H-imidazol-1-ylmethyl)-2-

pyrrolidinone (MM1) 1 as novel AT1 antagonist (Mavro-

moustakos et al., 2006). The synthesis and biological

properties of MM1 1 have been reported where it was

observed that MM1 mimics conformational characteristics

of His6-Pro7-Phe8 and It has been claimed undoubtedly as

the first lead compound in controlling hypertension.

The only reported synthesis (Moutevelis-Minakakis

et al., 2003; Mavromoustakos et al., 2006) of MM1

involved conversion of (S)-pyroglutaminol to its o-tosyl

derivative followed by reaction with lithium imidazole

thereby furnishing MM1 through nucleophilic/substitution

elimination sequences. However, an alternate synthetic

pathway which could be easily accessible was still

demanding and therefore, it was of particular interest to

explore an alternate synthetic pathway for MM1 which

could furnish the target molecule in a simple and straight

forward manner avoiding unnecessary steps in between and

in turn should be more useful. These observations coupled

with the novel antihypertensive activity associated with

AT1 antagonist MM1, encouraged the authors to develop a

simple and efficient synthetic strategy for such an impor-

tant bioactive molecule.
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The proposed plan of this study was to investigate a simple

approach starting with (2S)-pyroglutamic acid derivative

whose synthetic potential has been well documented

(Panday et al., 2009).

It was thought of interest to obtain 1 involving

Mitsunobu reaction (Hughes, 1992; But and Toy, 2006;

Lepore and He, 2003; Olofsson et al., 2002; Sen and

Roach, 1995) of N-benzyl-5(S)-pyroglutaminol with imid-

azole or substituted imidazole. Mitsunobu reaction offers a

unique methodology for the reaction of alcohols with

amines, acids, or other nucleophiles, thereby furnishing a

wide variety of compounds. Eventhough various literature

reports exist where primary amines, secondary amines, or

amides have been used in Mitsunobu reaction with alco-

hols, but there is no report till date where imidazole (Kim

et al., 2005) has been used in place of amines in the above

reaction with pyroglutaminol (Altman et al., 1993) and

therefore, it was interesting to study the Mitsunobu reaction

of N-benzyl-5(S)-pyroglutaminol with imidazole and to

observe the out come of the resultant reaction.

Based on above analogy, the reaction of N-benzyl-(5S)-

pyroglutaminol with imidazole in presence of diethylazo-

dicarboxylate (DEAD) and triphenylphosphine (Ph3P)

under Mitsunobu conditions was attempted, where MM1 1

was obtained in 71% yield (Scheme 1). The structural

assignment of compound 1 was done based on 1H NMR

which was in agreement to the assigned structure as well as

to the reported values (Moutevelis-Minakakis et al., 2003;

Mavromoustakos et al., 2006). The assigned structure was

confirmed further by IR, MASS, and microanalysis.

To standardize the methodology, the reaction of N-benzyl-

5(S)-pyroglutaminol with 2-methyl imidazole was also carried

out under similar conditions as described for 1, where (5S)-1-

benzyl-5-(1H-2-methylimidazol-1-ylmethyl)-2-pyrrolidinone

5 was obtained in reasonable yield.

Conclusion

Thus, the authors have successfully explored for the

first time the use of imidazole/substituted imidazole in

Mitsunobu reaction with N-benzyl pyroglutaminol cou-

pled with an efficient synthetic pathway for the novel

antihypertensive agent MM1. These results of the above

study clearly demonstrate the investigation of a simple and

straight forward strategy for the synthesis of a potent

antihypertensive agent MM1 (Mavromoustakos et al.,

2006) and its closely related analog. These results would

certainly be useful for exploiting further the application of

this simple approach toward the synthesis of other closely

related analogs as well.

Experimental section

Spectral data were recorded as follows: Perkin Elmer

(FTIR); Jeol SX-102 (FAB) (MS); Bruker advance 300 (1H

NMR), Rudolf Autopol III polarimeter (optical rotation);

Elementar Vario EL III, Elemental analysis. Dry THF was

used in the reactions.

N-benzyl-(2S)-pyroglutamic acid (3)

N-benzyl-(2S)-pyroglutamic acid 3 was synthesized from

L-glutamic acid 2 (14.7 g, 0.1 mol) and benzaldehyde

(25.4 g, 0.24 mol,) using 2 N NaOH (170 ml) and NaBH4

(1.2 equivalent, 4.6 g, 0.12 mol) accordingly to procedure

as described in literature and obtained as white solid

(Peterson et al., 1984). Yield: 15.3 g, 70%.

N-benzyl-(5S)-pyroglutaminol (4)

A solution of N-benzyl-(2S)-pyroglutamic acid 3 (6.5 g,

0.3 mol) was taken in MeOH (25 ml) and 2–3 drops of

conc. H2SO4 were added. The solution was refluxed for

12 h. At the completion of the reaction, the reaction mix-

ture was neutralized with saturated NaHCO3 (15 ml),

concentrated to remove excess methanol, and extracted

with EtOAc. The combined organic layer was washed

with saturated NaCl (15 ml), dried over Na2SO4, and

concentrated under vacuum to get N-benzyl-(2S)-methyl

pyroglutamate which was subsequently reduced to

N-benzyl-(5S)-pyroglutaminol 4 as discussed below.

NaBH4 (1.1 equivalent) was taken in THF and a solution

of N-benzyl-(2S)-methyl pyroglutamate in THF (20 ml)

was added dropwise. Once addition was complete, the

reaction mixture was stirred at room temperature for 3 h.

Progress of the reaction was monitored by TLC. At the
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Scheme 1 i PhCHO, NaOH,

and NaBH4. ii H2O, Heat, 15 h.

iii MeOH/H?, NaBH4, and

THF. iv DEAD, Ph3P, imidazole

or 2-methyl imidazole
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completion of reaction, the mixture was quenched with

acetic acid (20%) at -0�C. Excess of the acid was neu-

tralized with saturated NaHCO3 (15 ml) and extracted

with EtOAc (20 ml). The organic layer was washed with

water (20 ml), dried over Na2SO4, and evaporated to

get N-benzyl-(5S)-pyroglutaminol 4. Yield: 4.50 g, 73%,

Spectral data were compared and found to be identical with

reported values (Peterson et al., 1984).

General procedure for the Mitsunobu reaction

of N-benzyl-(5S)-pyroglutaminol with imidazole/

substituted imidazole

N-benzyl-(5S)-pyroglutaminol 4 (1.0 equivalent) was dis-

solved in dry THF (5 ml), Diethylazodicarboxylate

(DEAD) (1.4 equivalent) and triphenyl phosphine (Ph3P)

(1.4 equivalent) were added to the solution of 4 and stirred

at room temperature for 30 min. After 30 min, imidazole

or substituted imidazole (1.2 equivalent) in THF (5 ml)

was added to it, and the reaction mixture was stirred at

room temperature for 7 h. Progress of the reaction was

monitored by TLC. At the completion of the reaction, the

solvent was evaporated under vacuum, poured into water

(15 ml) and extracted twice with ethyl acetate

(2 9 20 ml2). The combined ethyl acetate layer was

washed with saturated NaCl solution (10 ml), dried over

Na2SO4, concentrated and purified by column chromatog-

raphy on silica using 20% EtOAc–hexane as eluent to

afford the pure compound 1 and 5.

(5S)-1-benzyl-5-(1H-imidazol-1-ylmethyl)-2-

pyrrolidinone (1)

It was prepared from N-benzyl-(5S)-pyroglutaminol 4

(1.0 g, 3.75 mmol) and imidazole (0.281 g, 4.13 mmol) as

described above and was obtained as an oil. Yield: 678 mg

(71%), [a]D
25 ? 9.21 (c 0.1 CHCl3); IR (KBr): 1666, 1720,

3019, and 3406 cm-1; 1H NMR(CDCl3): d 1.86–2.12 (2H,

m, H-4), 2.35–2.45 (1H, m, H-3), 2.51–2.57 (1H, m, H-30),
3.78 (1H, m, H-5), 3.96 [1H, dd (J = 2.5 and 10 Hz,

respectively), CH2N], 4.05 (2H, m, CH2
1 N, and CH2Ph),

5.10 [1H, d (J = 15.1 Hz) CH2
1Ph], 6.80 (1H, s, aromatic),

7.11–7.41 (7H, m, ArH); MS(m/z): 256(M ? 1), 190, 91;

Analysis for C15H17N3O; Calculated: C,70.59; H, 6.67; N,

16.47; Found: C,70.49; H, 6.57; N, 16.67.

(5S)-1-benzyl-5-(1H-2-methylimidazol-1-ylmethyl)-2-

pyrrolidinone (5)

It was prepared from N-benzyl-(5S)-pyroglutaminol 4

(1.0 g, 3.75 mmol) and 2-methyl imidazole (0.337 g,

4.10 mmol) as described above and was obtained as an oil.

Yield: 675 mg (67%); [a]D
25 - 7.21 (c 0.1 CHCl3); IR

(KBr): 1660, 1710, 3020, and 3400 cm-1; 1H NMR

(CDCl3): d 1.95–2.12 (2H, m, H-4), 2.34–2.45 (1H, m,

H-3), 2.52–2.63 (1H, m, H-30), 3.47–3.60(4H, m, H-5 and

CH3), 3.76–3.80 [1H, dd (J = 2.5 and 10.5 Hz, respec-

tively), CH2N], 4.16–4.21 (2H, m, CH2N and CH2Ph), 4.93

[1H, d (J = 15.5 Hz), CH2
1Ph], 7.20–7.60 (7H, m, ArH);

MS(m/z): 270 (M ? 1), 190, 91, 83; Analysis for

C16H19N3O; Calculated: C,71.38; H, 7.06; N, 15.61;

Found: C,71.51; H, 7.23; N, 15.86.
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