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Synthesis and In-vivo Evaluation of Carbonyl-amide Linkage
Based New Benzimidazole Derivatives
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In search of pharmacologically active potent compounds, a series of carbonyl-amide linkage based

new benzimidazole derivatives were synthesized from acid, aldehydes and isocyanide at ambient

temperature via Passerini reaction. All the compounds synthesized were screened for their potential

anti-inflammatory, antidiabetic and anticonvulsant properties. The results revealed that compounds

2i and 2j were found to be the most potent anti-inflammatory agents, while compounds 2a, 2c, 2e, 2f,

2i and 2j showed increased antidiabetic activity than the reference drugs and 2a, 2g, 2h, 2i and 2jwere

found to be the main structural requirement for maintaining anticonvulsant activity.
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Introduction

Inflammation is a local reaction of the vascular and support-

ing elements of a tissue to injury resulting in the formation

of protein-rich exudates; it is a protective response of the

nonspecific immune system that serves to localize, neutral-

ize, or to destroy an injurious agent in preparation for the

process of healing. The cardinal signs of inflammation are

rubor (redness), calor (heat), dolor (pain), tumor (swelling)

and functio laesa (loss of function). Cause of inflammation

includes physical agents, chemical agents, immunological

reactions and infection by pathogenic organism [1]. Non-

steroidal anti-inflammatory drugs (NSAIDs) are useful tools

in the treatment of acute and chronic inflammation [2], pain

[3] and fever [4]. However, long-term clinical usage of NSAIDs

is associated with significant side effects of gastrointestinal

lesions, bleeding and nephrotoxicity [5, 6]. Therefore, the

discovery of new and safer anti-inflammatory drugs

represents a challenging goal for such a research area [7].

As resistance to anti-inflammatory drugs is widespread, there

is an increasing need for identification of novel structures

that may be of use in designing new, potent and less toxic

anti-inflammatory agents.

Diabetes mellitus is a common endocrine disorder charac-

terized by chronic hyperglycemia, alterations in carbo-

hydrate and lipid metabolism. The hyperglycemia causes

extensive tissue damage appearing in eyes, kidneys, nerves,

heart and blood vessels [8]. The prevalence of diabetes keeps

increasing with age, reaching a plateau at 10–20% in people

over 70 years old. The number of diabetic people is expected

to rise from present estimate of 150 million to 230 million in

2025 [9, 10]. Nowadays, benzimidazoles play a vital role for

the treatment of diabetes in spite of other therapeutic

options.

Epilepsy is one of the most common diseases of the brain

affecting at least 50 million persons worldwide. There is

currently a need of improved agents for the treatment of

seizures, since currently available drugs are effective only in

60–80% of epileptic patients [11]. Polytherapy with antiepi-

leptic drugs (AEDs) is necessary in clinical practice because of

the limited efficacy of monotherapy [12]. During the past

decade several new drugs were approved (Rufinamide,

Retigabine, Pregabaline, Remacemide). However, none of

the available antiepileptic drugs is an ideal one as these

can be associated with chronic and toxic side effects [13].

Thus, the search for the new anti-convulsant drugs

continues to be an active area of investigation in medicinal

chemistry.
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Benzimidazole moiety plays an important heterocyclic

pharmacophore in the pharmaceutical chemistry and drug

discovery. These compounds carrying different substituents

in benzimidazole biomolecules are associated with a wide

range of biological and pharmacological activities including

anticancer [14], antiviral [15], antimicrobial [16], antihelmen-

tic [17], anti-inflammatory [18], antihistaminic [19], antioxi-

dant [20], antihypertensive [21] and anticoagulant [22]

properties. These derivatives also exhibit significant activities

against several viruses such as HIV [23].

Some of the important benzimidazole derivatives have

been reported as proton pump inhibitor [24], anti-dopamin-

ergic Domperidone [25], anti-psychotic Pimozide [26], thyroid

receptor agonists [27], gonadotropin releasing hormone

receptor antagonists [28] and interestingly alkynylbenzimi-

dazoles as modulators of metabotropic glutamate receptors

[29]. Recently, we have also published some series of biologi-

cally active benzimidazole derivatives [30, 31]. There is a lack

of literature on the synthesis and biological evaluation of

carbonyl-amide linkage based benzimidazole derivatives.

Owing to the immense biological importance of benzimida-

zole libraries, we wish to report synthesis of a new class of

benzimidazole derivatives and their biological activity

screening studies.

Results and discussion

Chemistry

In the present protocol, we are reporting one-pot synthesis of

new benzimidazole derivatives using 1H-benzimidazol-2-yl-

sulfanyl acetic acid, substituted aldehydes and butyl-isocya-

nide (1:1:1) with stirring at ambient temperature in the

presence of water to give desired products as shown in

Table 1 (see also Scheme 1). Aromatic aldehydes substituted

with both electron withdrawing and electron donating

groups could be used successfully. The yield of the products

was excellent and varied according to the substitution pat-

tern of the aromatic aldehydes. Structure of the synthesized

compounds was confirmed on the basis of IR, 1H-NMR, 13C-

NMR and mass spectral data. The IR spectra of all compounds

(2a–l) have aromatic –NH stretching bands in the range of

3488–3420 cm�1, whereas aliphatic-NH stretching bands

appear in between 3157–3138 cm�1. While C––O stretching

bands of carboxylic acid appeared from 1688–1632 cm�1 and

similarly C––O stretching bands of CONH was observed from

1524-1578 cm�1. In the 1H-NMR spectra of the target substi-

tuted benzimidazoles, the –NH proton of benzimidazole ring

resonated as a broad singlet in the region d 3.95–4.17 ppm

and NH proton of CONHwas observed as singlet in the region

d 7.77–7.96 ppm and was exchangeable on D2O addition con-

firming the formation of carbonyl-amide linkage. A singlet in

the range of d 6.43–6.93 can be assigned to O–CH. The other

protons appeared at the expected chemical shifts. 13C-NMR

spectral data for the title compounds most characteristic peak

around d 169.6–171.9 ppm (CONH) indicated the formation

of carbonyl-amide linkage. Mass spectra showed accurate

molecular ion peak with respect to the targeted compounds.

Pharmacology

All the compounds prepared herein were screened for their

potential in-vivo biological activities such as anti-inflamma-

tory, antidiabetic and anticonvulsant activities. Anti-inflam-

matory activity was evaluated using carrageenan induced

hind paw edema method [32]. Evaluation of antidiabetic

Table 1. Physical Data of Synthesized Compounds (2a–2l).

Compound R Time
(hrs)

Yielda

(%)
Melting
Point (8C)

2a H 3.25 90 225–228
2b 2-CH3 3.45 91 231–232
2c 4-CH3 3.55 83 185–187
2d 2-OCH3 3.15 87 218–220
2e 4-OCH3 3.20 79 201–202
2f 4-C2H5 3.35 85 175–176
2g 2-NO2 3.30 78 242–244
2h 4-NO2 3.10 90 159–161
2i 2-Cl 3.40 82 195–197
2j 4-Cl 3.50 86 212–214
2k 2,4-NO2 3.25 88 168–169
2l 2,4-Cl 3.40 84 238–240

a Isolated yields
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Scheme 1. Schematic representation of compounds 2a–2l.

66 I. N. Shaikh et al. Arch. Pharm. Chem. Life Sci. 2012, 345, 65–72

� 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.archpharm.com



activity was done by blood glucose test and oral glucose

tolerance test (OGTT) [33, 34]. Male Wister albino rats (150–

200 g) of either sex were selected. The anticonvulsant activi-

ties of the synthesized compounds were tested through an in-

vivo rodent model of convulsions (maxima electro shock, MES

test) [35, 36].

Anti-inflammatory evaluation

In the acute oral toxicity study, no mortality was noticed

within 48 h by any of the compounds up to 1500 mg/kg p.o.

dose level in the present study. However, some behavioral

changes were noticed depending at the higher dose

(400 mg/kg). The effect of the tested compounds as well as

reference standard were measured before and 1, 2, 3, 4, 5

and 6 h after carrageenan injection. Most of the tested com-

pounds showed a reasonable inhibition of edema size in

comparison with standard drug Diclofenac sodium. From

the obtained results (Table 2), it has been observed that newly

prepared compounds (2a–2l) reveal better anti-inflammatory

properties comparable to that of Diclofenac sodium which

was used as a reference standard. Structure–activity relation-

ships based on the observed results indicated that the type of

group substitution attached to the phenyl ring plays a

controlling role for developing the exhibited pharmacologi-

cal properties. It has been noticed that substitution of

an electron-withdrawing group, a chlorine atom at the

o-position (2i) and p-position (2j) on the phenyl ring, seems

more favorable for constructing an anti-inflammatory active

agent than the case of substitution with an electron-donating

group, a methyl residue (2b, 2c). On the other hand, compar-

ing the activity of the compounds 2d–2h, it was observed that

replacing the hydrogen atom by a methoxy, ethyl and nitro

group reduces the anti-inflammatory activity.

Antidiabetic evaluation

In the acute toxicity study, all the synthesized compounds

showed better toxic effects when observed for the parameters

during 2nd h, then frequently for 4th h and finally for 9th day.

No mortality was observed, the substance is found to be safe

at the tested dose level of 350 mg/kg body weight. The results

of blood glucose of control and all the synthesized com-

pounds are shown in Table 3. Oral anti-diabetic efficiencies

of twelve compounds (2a–2l) were assessed using an oral

glucose tolerance test (OGTT) in normal rat model. The mar-

keted drug Glibenclamide was used as standard drug. The

sugar lowering effect of these compounds is presented in

Table 3. Compounds 2c, 2d, 2h, 2j and 2l showed better

reduction in the blood glucose levels on 9th day compared

with diabetic control rats. Oral administrations of the same

compounds processed good reduction in the glucose levels in

diabetic rats. Compounds 2a, 2c, 2e, 2f, 2i and 2k showed

increased activity compared to the reference drug (P < 0.001)

Glibenclamide at 90 min interval (Table 3). The acute toxicity

study of all the compounds showed no death of these rats

even under high levels indicating the margin of safety. These

results indicate compounds mentioned above showed better

anti-diabetic activity, maybe due to its protective role against

pancreatic injury in diabetic rats.

Table 2. Anti-inflammatory activity of synthesized compounds (2a–2l) by carrageenan-induced hind paws edema method.

Groups Dose Paw volume (mean � SEM)

mg/kg p.o. 0 hr 1 hr 2 hr 3 hr 4 hr 6 hr

Control Tween 80 1.356 � 0.001 1.303�0.001 1.332 � 0.001 1.334 � 0.001 1.448 � 0.002 1.493 � 0.001
Std. drug
Diclofenac
sodium

200 mg/kg 0.862 � 0.002 0.664 � 0.002 0.647 � 0.001 0.588 � 0.001 0.636 � 0.002 0.768 � 0.001

2a 400 mg/kg 1.153 � 0.002 1.285 � 0.005 1.226 � 0.003 1.189 � 0.002 1.343 � 0.003 1.288 � 0.005
2b 400 mg/kg 0.855 � 0.003��� 0.778 � 0.004�� 0.623 � 0.002��� 0.887 � 0.001�� 0.768 � 0.005�� 0.987 � 0.003��

2c 400 mg/kg 0.752 � 0.004�� 0.893 � 0.005�� 0.778 � 0.003�� 0.682 � 0.001�� 0.830 � 0.005�� 0.785 � 0.006��

2d 400 mg/kg 1.150 � 0.002 1.196 � 0.003 1.328 � 0.003 1.067 � 0.005 1.112 � 0.004 1.406 � 0.003
2e 400 mg/kg 1.252 � 0.001 1.293 � 0.001 1.328 � 0.001 1.387 � 0.001 1.442 � 0.002 1.485 � 0.001
2f 400 mg/kg 0.656 � 0.001 0.593 � 0.001 0.328 � 0.001 0.458 � 0.001 0.642 � 0.002 0.544 � 0.001
2g 400 mg/kg 1.226 � 0.002 1.218 � 0.003 1.208 � 0.001 1.209 � 0.001 1.211 � 0.004 1.216 � 0.004
2h 400 mg/kg 0.551 � 0.002 0.599 � 0.003 0.457 � 0.001 0.684 � 0.004 0.542 � 0.004 0.583 � 0.002
2i 400 mg/kg 0.848 � 0.004��� 0.793 � 0.005�� 0.828 � 0.003�� 0.687 � 0.002�� 0.442 � 0.001�� 0.785 � 0.004���

2j 400 mg/kg 0.658 � 0.004�� 0.892 � 0.005�� 0.721 � 0.002�� 0.725 � 0.002�� 0.842 � 0.001�� 0.679 � 0.003���

2k 400 mg/kg 0.851 � 0.003��� 0.793 � 0.002�� 0.628 � 0.004��� 0.687 � 0.001�� 0.642 � 0.005�� 0.685 � 0.002��

2l 400 mg/kg 1.151 � 0.002 1.123 � 0.001 1.148 � 0.003 1.237 � 0.001 1.242 � 0.004 1.185 � 0.001

Data was analyzed by unpaired one-way ANOVA test.
Each value represents the mean � SEM (n ¼ 6).
�P < 0.05, ��P < 0.01, ���P < 0.001 as compared with control Student’s ‘t’ test.
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Anticonvulsant evaluation

Results of anticonvulsant activity with standard drug

Phenytoin are tabulated in Table 4. The compounds pre-

sented in Table 4 showed good protection and most were

devoid of toxicity at the dose tested. From the structure

activity relationship, it is evident that the presence of a

chloro- and nitro-function at ortho- and para-position of the

phenyl ring as seen with compounds 2g, 2h, 2i and 2j was

Table 3. Anti-diabetic activity of synthesized compounds (2a–2l) by oral glucose tolerance test.

Treatment & Groups Blood glucose level (mg/dL) Oral glucose tolerance test (OGTT) in non-diabetic rats

Basal 9th day Fasting 30 min 90 min

Control 73.80 � 1.36 80.29 � 0.40 82.12 � 1.57 180.32 � 3.68 136.66 � 2.85
Diabetic control (Alloxan) 330.52 � 2.64 336.68 � 1.79 – – –
Glibenclamide (SD) 332.20 � 4.31 140.18 � 2.64 82.33 � 3.29 178.40 � 2.95 104.82 � 2.23��

2a 328.20 � 4.24 384.68 � 12.55 78.32 � 1.89 170.62 � 6.34 104.43 � 3.28��

2b 342.20 � 12.52 373.18 � 25.62 72.39 � 3.20 173.40 � 5.98 128.04 � 4.54
2c 353.23 � 6.58 182.20 � 16.21��� 81.28 � 2.59 163.80 � 6.42 107.25 � 2.80��

2d 326.33 � 5.13 166.26 � 15.20��� 80.83 � 3.55 166.62 � 3.03 127.24 � 2.89
2e 321.20 � 7.28 334.62 � 12.54 79.30 � 2.81 160.66 � 4.38 106.42 � 3.27��

2f 340.34 � 12.53 371.14 � 25.68 74.36 � 3.33 173.42 � 5.82 116.06 � 4.52��

2g 342.20 � 6.54 372.27 � 16.23 83.28 � 2.45 162.80 � 6.44 128.18 � 2.71
2h 334.33 � 5.20 175.26 � 15.26��� 82.73 � 3.52 168.66 � 3.33 118.22 � 2.82
2i 337.17 � 4.29 379.63 � 12.57 78.30 � 1.73 171.62 � 6.37 116.43 � 3.29��

2j 323.33 � 5.10 165.25 � 15.20��� 81.86 � 3.55 163.62 � 3.09 125.21 � 2.86
2k 369.22 � 6.55 364.27 � 16.29 88.28 � 2.57 164.80 � 6.40 108.24 � 2.82��

2l 324.33 � 5.10 163.25 � 15.20��� 82.80 � 3.54 165.62 � 3.02 125.27 � 2.86

Data was analyzed by unpaired one-way ANOVA followed by Dunnet’s test.
Each value represents the mean � SEM.
P > 0.05 is considered as non-significant (ns), P < 0.05 is considered as significant.
�� P < 0.001 as compared to normal control group.
��� P < 0.001 as compared to normal control group.
Control ¼ Normal saline.
Diabetic control ¼ Alloxan.
SD ¼ Standard drug Glibenclamide.

Table 4. Anti-convulsant activity of synthesized compounds (2a–2l) by maximal electroshock model.

Treatment Dose (mg/kg) Time (s) in various phases of convulsion (mean � SEM)

Flexon Extensor Clonus Stupor Recovery/Death

Control Gum acacia 1 % w/w 3.16 � 0.32 11.07 � 0.58 16.78 � 2.54 219.34 � 5.79 –
Phenytoin (SD) 20 2.87 � 0.35 ns 0.0 � 0.00�� 4.85 � 4.29 ns 160.4 � 20.54ns Recovery
2a 80 3.30 � 0.36ns 4.21 � 0.39�� 16.30 � 2.24�� 213.8 � 5.68� Death
2b 84 4.23 � 1.08 ns 5.33 � 0.3� 1.08 � 1.27� 208.6 � 4.81 ns Death
2c 65 4.57 � 1.04 ns 12.2 � 0.58� 1.35 � 1.35� 214.5 � 20.54ns Death
2d 70 3.96 � 1.16 ns 3.73 � 0.42�� 1.02 � 1.21� 202.1 � 20.55ns Death
2e 84 3.22 � 0.27 ns 9.24 � 0.71� 1.29 � 1.22� 193.2 � 13.26ns Death
2f 62 4.55 � 1.04 ns 12.0 � 0.59� 1.35 � 1.36� 214.5 � 20.54ns Death
2g 75 3.14 � 0.30 ns 4.38 � 0.44�� 15.64 � 2.12� 208.7 � 4.96� Death
2h 70 3.14 � 0.31 ns 4.38 � 0.46�� 15.67 � 2.13� 208.6 � 4.95� Death
2i 85 3.08 � 0.27� 3.99 � 0.45�� 1.83 � 1.29� 209.5 � 13.42� Death
2j 76 3.16 � 0.25� 5.67 � 0.21�� 15.40 � 2.15� 210.7 � 4.83� Death
2k 72 3.17 � 0.38 ns 11.0 � 0.56� 14.62 � 2.17ns 207.3 � 4.97 ns Death
2l 60 3.02 � 0.25 ns 9.50 � 0.49� 12.65 � 2.28 ns 208.4 � 5.66 ns Death

Data was analyzed by unpaired one-way ANOVA test.
Each value represents the mean � SEM (n ¼ 6).
P > 0.05 is considered as non-significant (ns), P < 0.05 is considered as significant.
�� P < 0.001 as compared to normal control group.
���P < 0.001 as compared to standard drug.
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found to be themain structural requirement formaintaining

anti-convulsant activity. The chloro-substitution led to com-

pounds (2i, 2j) with slightly different behavior, but all charac-

terized by a very low toxicity: derivatives 2i and 2j, having a

chlorine on the phenyl ring in the 2 and 4 position, demon-

strated good activity in rats at 85 mg/kg and 76 mg/kg, while

the introduction of methyl and methoxy groups on the

phenyl ring (2b, 2c, 2d and 2e) was detrimental for

the protection against electrical induced seizures in rats.

The nitro-substitution afforded good protection, especially

for the derivatives 2g and 2h. Finally, the introduction of the

ethyl substituent led to a decrease of potency (2f). All the

compounds showed protection against seizures in extensor

phase in both phenytoin and tested compounds with control

group. The extensor phase time was remarkably reduced for

these compounds. Compound 2a showed remarkable change

in the clonus stage, while compounds 2b–j remainsmoderate

and compounds 2k–lwere non-significant. These compounds

exhibited their ability to diminish the magnitude of tonic-

clonus seizures. In flexon and stupor no significant change

was observed. Only five compounds namely 2a, 2g, 2h, 2i and

2j showed rapid and prolonged action in stupor stage. These

compounds showed excellent (P < 0.001) anticonvulsant

activity when compared with standard Phenytoin drug as

tabulated in Table 4. Finally, these compounds represent new

structure that could be further optimized for future develop-

ment of more potent and selective anticonvulsant agents.

Conclusion

In present study, we have demonstrated one-pot synthesis

of new benzimidazole derivatives in water at ambient

temperature via Passerini reaction. All the synthesized

compounds were screened for in-vivo anti-inflammatory,

antidiabetic and anticonvulsant activities. From the

results, it can be concluded that compounds 2i and 2j was

found to be the most potent anti-inflammatory compound,

whereas compounds 2b, 2c and 2k showed the moderate

inhibitory effect. 5 compounds (2c, 2d, 2h, 2j and 2l) at the

dose of 20 mg/kg exhibited considerably potent blood glu-

cose lowering activity. The anti-diabetic evaluation against

oral glucose tolerance test (OGTT) indicated that compounds

2a, 2c, 2e, 2f, 2i, and 2k showed increased activity than their

reference drug Glibenclamide. All compounds exhibited pro-

tection in the seizure models, viz., MES and 2a, 2g, 2h, 2i and

2j have emerged as the most active compounds in these

models with no neurotoxicity. SAR studies revealed the

critical role of chloro-function in the target compounds that

showed very promising in-vivo activities. So we conclude that,

further structural modifications of these molecules might

lead to the discovery of more potent in-vivo agents with still

lower neurotoxicity.

Experimental

Instrumentation
All compounds were routinely checked by thin-layer chromatog-
raphy (TLC) on aluminum-backed silica gel plates. Melting points
were determined with open capillary method and are uncor-
rected. IR spectra were recorded on a Nicolet 5700 FT-IR instru-
ment (Nicolet, Madison, WI, USA) as KBr discs. The 1H-NMR and
13C-NMR spectra were measured with a Bruker-300 (Bruker
Bioscience, USA), 300 MHz instrument using DMSO as solvent
and TMS as internal standard. All chemical shifts were reported
as d values (ppm). Mass spectrometer with ionization energy
maintained at 70 eV using on Shimadzu Mass Spectrometer
(LCMS) and the elemental analysis was carried out by using
Heraus CHN rapid analyzer. The biological activities were carried
out at Luqman College of Pharmacy, Gulbarga, Rajiv Gandhi
University of Health Science, India.

General procedure for the synthesis of compounds
A mixture of (1H-benzimidazol-2-yl-sulfanyl)-acetic acid
(0.01 mol), butyl-isocyanide (0.01 mol) and substituted aldehyde
(0.01 mol) was given into a round bottom flask. The reaction was
stirred at ambient temperature. After 40–50 min, precipitation
starts forming on the sides of the flask and the stirring should be
continued for further 3–4 h The progress of the reaction is
monitored by TLC using n-hexane/ethyl acetate (80:20) as eluents.
The reaction mixture was filtered to get a desired product and
recrystallized from methanol.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoylphenyl-methyl ester (2a)
Pale yellow solid, yield 1.8774 g; IR (KBr) nmax cm�1: 3422 (br,
arom-NH), 3140 (aliph-NH), 1679 (CO of acid), 1576 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.94 (t, J ¼ 3.8, 6.6 Hz, 3H,
CH3), 1.47 (q, J ¼ 5.0 Hz, 2H, CH2), 1.62 (d, J ¼ 6.6 Hz, CH2), 3.47
(s, 2H, CH2), 3.71 (s, 2H, CH2), 4.15 (br, 1H, NH of imidazole), 6.43
(s, 1H, O–CH), 7.21–7.26 (m, 5H, arom-H), 7.64–7.73 (q, 4H, arom-
H), 7.96 (s, 1H, aliph-NH); 13C-NMR (75 MHz, CDCl3) d ppm: 12.2,
21.6, 114.9, 122.5, 143.3, 170.6, 172.4; MS m/z: 398.02 (Mþ); anal.
calcd. for C21H23N3O3S: C, 63.45; H, 5.83; N 10.57%, Found: C,
63.43; H, 5.85; N, 10.60%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl-otolyl-methyl ester (2b)
White solid, yield 1.9058 g; IR (KBr) nmax cm�1: 3435 (br, arom-
NH), 3142 (aliph-NH), 1632 (CO of acid), 1524 (CO of CONH); 1H-
NMR (300 MHz, DMSO) d ppm: 0.90 (t, J ¼ 3.3, 5.7 Hz, 3H, CH3),
1.30 (d, J ¼ 10 Hz, 2H, CH2), 1.62 (d, J ¼ 6.6 Hz, 2H, CH2), 2.34 (s,
3H, CH3), 3.16 (s, 2H, CH2), 3.87 (s, 2H, CH2), 3.95 (br, 1H, NH of
imidazole), 6.80 (s, 1H, O–CH), 7.15–7.21 (m, 4H, arom-H), 7.65–
7.68 (q, J ¼ 6.6 Hz, 4H, arom-H), 7.90 (s, 1H, aliph-NH); 13C-NMR
(75 MHz, CDCl3) d ppm: 12.9, 15.6, 21.5, 115.8, 123.3, 142.1, 170.8,
172.6; MS m/z: 410.41 (M); anal. calcd. for C22H25N3O3S: C, 61.21;
H, 6.12; N, 10.21%, Found: C, 61.23; H, 6.10; N, 10.19%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl-ptolyl-methyl ester (2c)
Light brown solid, yield 1.7463 g; IR (KBr) nmax cm�1: 3433 (br,
arom-NH), 3146 (alp-NH), 1679 (CO of acid), 1576 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.92 (d, J ¼ 10 Hz, 3H, CH3),
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1.29 (s, 2H, CH2), 1.65 (d, J ¼ 6.6 Hz, 2H, CH2), 2.32 (s, 3H, CH3),
3.37 (s, 2H, CH2), 3.87 (s, 2H, CH2), 3.99 (br, 1H, NH of imidazole),
6.87 (s, 1H, O–CH), 7.22–7.27 (m, 4H, arom-H), 7.65–7.71 (m, 4H,
arom-H), 7.80 (s, 1H, aliph-NH); 13C-NMR (75 MHz, CDCl3) d ppm:
13.1, 18.9, 21.6, 116.1, 122.8, 142.9, 170.0, 171.9; MS m/z: 412.06
(Mþ); anal. calcd. for C22H25N3O3S: C, 61.21; H, 6.12; N, 10.21%,
Found: C, 61.19; H, 6.15; N, 10.23%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl (2-methoxy-phenyl) methyl ester (2d)
White solid, yield 1.821 g; IR (KBr) nmax cm

�1: 3476 (br, arom-NH),
3145 (aliph-NH), 1679 (CO of acid), 1574 (CO of CONH); 1H-NMR
(300 MHz, DMSO) d ppm: 0.87 (d, J ¼ 10.3 Hz, 3H, CH3), 1.24
(s, 2H, CH2), 1.63 (s, 2H, CH2), 3.19 (s, 2H, CH2), 3.83 (s, 3H,
OCH3), 3.87 (s, 2H, CH2), 4.15 (br, 1H, NH of imidazole), 6.93 (s,
1H, O–CH), 7.04–7.14 (m, 4H, arom-H), 7.46 (q, J ¼ 4.9 Hz, 4H,
arom-H), 7.89 (s, 1H, aliph-NH); 13C-NMR (75 MHz, CDCl3) d ppm:
13.9, 22.1, 56.9, 116.1, 123.1, 144.8, 170.6, 172.8; MS m/z: 426.40
(M); anal. calcd. for C22H25N3O4S: C, 61.81; H, 5.89; N, 9.83%,
Found: C, 61.79; H, 5.91; N, 9.80%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl (4-methoxy-phenyl) methyl ester (2e)
White solid, yield 1.6575 g; IR (KBr) nmax cm�1: 3454 (br, arom-
NH), 3148 (aliph-NH), 1634 (CO of acid), 1574 (C––O of CONH); 1H-
NMR (300 MHz, DMSO) d ppm: 0.93 (t, J ¼ 4.1, 6.8 Hz, 3H, CH3),
1.24 (d, J ¼ 6.6 Hz, 2H, CH2), 1.70 (s, 2H, CH2), 3.17 (s, 2H, CH2),
3.82 (s, 3H, OCH3), 3.87 (s, 2H, CH2), 4.13 (br, 1H, NH of imidazole),
6.91 (s, 1H, O–CH), 7.03–7.13 (m, 4H, arom-H), 7.42–7.45 (m, 4H,
arom-H), 7.91 (s, 1H, aliph-NH); 13C-NMR (75 MHz, CDCl3) d ppm:
14.2, 20.9, 58.3, 115.8, 123.5, 142.4, 171.0, 171.8; MS m/z: 426.38
(M); anal. calcd. for C22H25N3O4S: C, 61.81; H, 5.89; N 9.8%, Found:
C, 61.83; H, 5.87; N, 9.84%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl-(4-ethyl-phenyl) ethyl ester (2f)
White solid, yield 1.7767 g; IR (KBr) nmax cm�1: 3441 (br, arom-
NH), 3151 (aliph-NH), 1634 (CO of acid), 1575 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.97 (t, J ¼ 3.3, 6.6 Hz, 3H,
CH3), 1.30 (d, J ¼ 6.6 Hz, 2H, CH2), 1.46 (s, 3H, ar-CH3), 1.62 (s, 2H,
CH2), 2.40 (s, 2H, ar-CH2), 3.22 (s, 2H, CH2), 3.81 (s, 2H, CH2), 4.16
(br, 1H, NH of imidazole), 6.64 (s, 1H, O–CH), 7.19–7.27 (m, 4H,
arom-H), 7.66 (d, J ¼ 7.1 Hz, 4H, arom-H), 7.90 (s, 1H, aliph-NH);
13C-NMR (75 MHz, CDCl3) d ppm: 14.3, 17.6, 23.3, 35.3, 115.2,
122.6, 144.1, 171.1, 172.6; MS m/z: 426.02 (Mþ); anal. calcd.
for C23H27N3O3S: C, 64.92; H, 6.40; N, 9.87%, Found: C, 62.95;
H, 6.41; N, 9.85%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl-(2-nitro-phenyl) methyl ester (2g)
White solid, yield 1.6255 g; IR (KBr) nmax cm�1: 3420 (br, arom-
NH), 3151 (aliph-NH), 1664 (CO of acid), 1578 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.98 (d, J ¼ 6.6 Hz, 3H, CH3),
1.33 (d, J ¼ 10 Hz, 2H, CH2), 1.63 (m, 2H, CH2), 3.18 (s, 2H, CH2),
3.87 (s, 2H, CH2), 4.15 (br, 1H, NH of imidazole), 6.52 (s, 1H, O–CH),
7.23–7.33 (m, 4H, arom-H), 7.44–7.75 (m, 4H, arom-H), 7.96 (s, 1H,
aliph-NH); 13C-NMR (75 MHz, CDCl3) d ppm: 12.6, 22.5, 114.3,
123.8, 142.6, 170.1, 172.5; MS m/z: 440.36 (M); anal. calcd.
for C21H22N4O5S: C, 57.00; H, 5.01; N, 12.66%, Found: C, 56.97;
H, 5.03; N, 12.70%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl-(4-nitro-phenyl) methyl ester (2h)
White solid, yield 1.8741 g; IR (KBr) nmax cm�1: 3424 (br, arom-
NH), 3252 (aliph-NH), 1683 (CO of acid), 1578 (CO of CONH); 1H-
NMR (300 MHz, DMSO) d ppm: 0.89 (t, J ¼ 3.3, 5.6 Hz, 3H, CH3),
1.29 (d, J ¼ 6.6 Hz, 2H, CH2), 1.62 (s, 2H, CH2), 3.29 (s, 2H, CH2),
3.72 (s, 2H, CH2), 3.96 (br, 1H, NH of imidazole), 6.60 (s, 1H, O–CH),
7.20–7.28 (m, 4H, arom-H), 7.56–7.77 (m, 4H, arom-H), 7.79 (s, 1H,
aliph-NH); 13C-NMR (75 MHz, CDCl3) d ppm: 14.1, 20.3, 112.2,
125.5, 143.0, 171.3, 172.8; MS m/z: 440.44 (M); anal. calcd.
for C21H22N4O5S: C, 57.00; H, 5.01; N, 12.66%, Found: C, 57.02;
H, 5.03; N, 12.62%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid butylcarbamoyl

(2-chloro-phenyl) methyl ester (2i)
Yellow solid, yield 1.7146 g, IR (KBr) nmax cm

�1: 3488 (br, arom-
NH), 3151 (aliph-NH), 1680 (CO of acid), 1571 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.94 (s, 3H, CH3), 1.39 (s, 2H,
CH2), 1.63 (d, J ¼ 4.9, 2H, CH2), 3.20 (s, 2H, CH2), 3.75 (s, 2H, CH2),
4.17 (br, 1H, NH of imidazole), 6.66 (s, 1H, O–CH), 7.10–7.27 (s, 4H,
arom-H), 7.34–7.67 (s, 4H, arom-H), 7.77 (s, 1H, aliph-NH);
13C-NMR (75 MHz, CDCl3) d ppm: 13.3, 21.8, 112.7, 124.1,
145.5, 169.6, 172.3; MS m/z: 430.52 (M); anal. calcd. for
C21H22ClN3O3S: C, 58.39; H, 5.13, N, 9.73%, Found: C, 58.42; H,
5.10; N, 9.71%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl (4-chloro-phenyl) methyl ester (2j)
White solid, yield 1.8014 g; IR (KBr) nmax cm�1: 3482 (br, arom-
NH), 3138 (aliph-NH), 1684 (CO of acid), 1575 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.99 (t, J ¼ 5.3 Hz, 3H, CH3),
1.23 (d, J ¼ 6.8, 2H, CH2), 1.58 (s, 2H, CH2), 3.23 (s, 2H, CH2), 3.76
(s, 2H, CH2), 4.14 (br, 1H, NH of imidazole), 6.91 (s, 1H, O–CH),
7.02–7.14 (m, 4H, arom-H), 7.43–7.65 (m, 4H, arom-H), 7.89 (s, 1H,
aliph-NH); 13C-NMR (DMSO, 75 MHz): d (ppm) 12.8, 20.9, 113.4,
122.6, 145.8, 168.7, 172.2; MS m/z: 432.02 (Mþ); anal. calcd.
for C21H22ClN3O3S: C, 58.39; H, 5.13; N, 9.73%, Found: C,
58.42; H, 5.11; N, 9.74%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl-(2,4-dinitro-phenyl) methyl ester (2k)
White solid, yield 1.8387 g; IR (KBr) nmax cm�1: 3466 (br, arom-
NH), 3149 (aliph-NH), 1688 (CO of acid), 1574 (CO of CONH); 1H-
NMR (300 MHz, DMSO) d ppm: 0.98 (s, 3H, CH3), 1.27 (s, 2H, CH2),
1.66 (s, 2H, CH2), 3.18 (s, 2H, CH2), 3.87 (s, 2H, CH2), 4.14 (br, 1H,
NH of imidazole), 6.93 (s, 1H, O–CH), 7.11–7.14 (m, 4H, arom-H),
7.43–7.46 (s, 4H, arom-H), 7.92 (1H, s, aliph-NH); 13C-NMR (DMSO,
75 MHz): d (ppm) 14.5, 20.9, 116.2, 123.8, 144.3, 170.8, 172.3; MS
m/z: 488.12 (Mþ): anal. calcd. for C21H21N5O7S: C, 51.74; H, 4.34; N,
14.37%, Found: C, 51.76; H, 4.37; N, 14.35%.

(1H-Benzimidazol-2-yl-sulfanyl)-acetic acid

butylcarbamoyl (2,4-dichloro-phenyl) methyl ester (2l)
White solid, yield 1.7531 g; IR (KBr) nmax cm�1: 3488 (br, arom-
NH), 3157 (aliph-NH), 1674 (CO of acid), 1575 (CO of CONH);
1H-NMR (300 MHz, DMSO) d ppm: 0.91 (t, J ¼ 3.8 Hz, 3H, CH3),
1.24 (s, 2H, CH2), 1.72 (s, 2H, CH2), 3.17 (s, 2H, CH2), 3.82 (s, 2H,
CH2), 4.13 (br, 1H, NH of imidazole), 6.88 (s, 1H, O–CH), 7.00–7.13
(m, 4H, arom-H), 7.42–7.45 (s, 4H, arom-H), 7.91 (1H, s, aliph-NH);
13C-NMR (DMSO, 75 MHz): d (ppm) 14.7, 22.1, 115.2, 123.2, 143.6,
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170.3, 172.2; MS m/z: 464.29 (M); anal. calcd. for C21H21Cl2N3O3S:
C, 54.08; H, 4.54; N, 9.01%, Found: C, 54.11; H, 4.52, N, 8.98%.

Pharmacological assay

Animals used

Albino-Wistar rats (150–200 g) were used for in-vivo activities.

Animals were maintained under standard laboratory con-

ditions (24 � 28C; relative humidity 60–70%). Study protocol

was approved by the institutional Animal Ethics Committee

(IAEC, Reg.No. 346/CPCSEA: dated 03-01-2001, Department of

Pharmacy, Luqman College of Pharmacy and Research,

Gulbarga) before experiment. The animals were kept in poly-

propylene cages andmaintained on balanced rationwith free

access to clean drinking water. All experimental procedures

were conducted in accordance with the guide for care and

use of laboratory animals and in accordance with the local

animal care and use committee.

Acute toxicity study

For testing the acute toxicity potential of the test compounds,

Albino-Wistar rats of either sex, weighing (20–25 g) were

used. The dosage was varied from 100 up to 3000 mg/kg body

weight. The animals were continuously observed for 8 h for

any signs of acute toxicity such as increased-decreased motor

activity, ataxia, tremors, convulsions, sedation, lacrimation,

etc. After 24 h the animals were sacrificed, stomach,

intestine, and liver were inspected under the magnifying

lenses for any ulcer-hemorrhagic spots.

Anti-inflammatory activity screening

Anti-inflammatory activity was evaluated by using carra-

geenan-induced hind paw edema method [32, 37]. Albino-

Wistar rat strains of either sex between 150–200 g were

selected for the studies. The animals were kept on diet and

allowed food and water ad libitum. They were housed in

polypropylene cages maintained under standard condition

(12 h light/12 h dark cycles at 25 � 38C temperature, 35–60%

humidity). The rats were divided into fourteen groups of six

rats each as described in Table 2. The control group received

Tween-80 (1%) 10 mL/kg p.o. The test groups received

400 mg/kg p.o. of synthetic compounds. Diclofenac sodium

200 mg/kg p.o. served as standard. All the suspensions were

administrated 30 min before the injection of carrageenan

(0.1 mL of 1%). The paw edema volume was measured with

the help of plethysmograph by mercury displacement

method at 0, 1, 2, 3, 4 and 6 h.

Antidiabetic activity screening

Effect of blood glucose level

Fasted rats were divided into three groups of six each. Group

I, the control group, received normal saline. Group II received

compounds 2a–2l, respectively, at a dose of 250 mg/kg

body weight by oral route and group III for Glibenclamide

standard. The rats of all groups were given glucose (2 g/kg

body weight, p.o.) 30 min after administration of the drug.

Blood samples were collected from the tail vein just prior to

glucose administration at 2nd h, 4th h and 9th day after

the glucose loading. Serum was separated and blood glucose

levels were measured immediately by glucose–oxidase

method [38].

OGTT Screening

Oral glucose tolerance test (OGTT) method was used to evalu-

ate anti-diabetic activity. Albino-Wistar rats of either sex

(150–200 g) were induced diabetic by a single i.p. injection

of 150 mg/kg body weight of alloxan monohydrate in sterile

normal saline. The rats were maintained on 5% glucose

solution for next 24 h to prevent hypoglycemia [39]. Nine

days later blood samples were collected by retro orbital

puncture of each rat under mild anesthesia in 1-mL

Eppendorff tubes containing 50 mL of anticoagulant hepa-

rin. The diabetic rats were divided into three groups, each

containing six animals. Controls rats (group I) were given

normal saline orally, while compounds 2a–2l were given to

group II, respectively, at a dose of 250 mg/kg, orally. Group III

received Glibenclamide at a dose of 10 mg/kg. Blood samples

were collected from the tail vein just prior to 30 min and

90 min after drug administration. The blood glucose level

was determined by glucose–oxidase method.

Anti-convulsant activity screening

Evaluation of anti-convulsant activity was done by

maxima electroshock model [35, 36] and Albino-Wistar rats

(150–200 g) were used for the above method. In MES con-

vulsions electroshock is applied through the corneal elec-

trode; from this optic stimulation cortical excitation is

produced. The MES convulsions are divided into five phases

such as a) tonic flexion, b) tonic extensor, c) clonic convul-

sions, d) stupor and e) recovery or death. The time (s) spent

by the animal in each phase of the convulsions is noted

down. A substance is known to possess anti-convulsant

property if it reduces or abolishes the extensor phase of

MES convulsions.

Statistical analysis

The experimental results for anti-inflammatory, anti-diabetic

and anti-convulsant activities were expressed as the

mean � standard error of mean (SEM), evaluated by com-

pared one-way ANOVA test. The statistical significance

was evaluated by using the Student’s ‘t’ and Dunnet’s test.

Values of P < 0.01 were considered as statistically significant

[37, 40].

Arch. Pharm. Chem. Life Sci. 2012, 345, 65–72 Carbonyl-amide Linkage Based Benzimidazole Derivatives 71

� 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.archpharm.com



This research work is financially supported by the University Grants
Commission (UGC), New Delhi 110 012. (Ref: No. 33-296/2007 (SR) dated
28-02-2008).

The authors have declared no conflict of interest.

References

[1] L. M. Wilson, in: Pathophysiology: Clinical Concepts of Disease
Processes (Eds.: S. A. Price, L. M. Wilson), Mosby, St. Louis,
Missouri 2003, pp. 44–61.

[2] B. L. Sng, S. A. Schug, Ann. Acad. Med. Singap. 2009, 38, 960–
966.

[3] H. P. Zahradnik, A. Hanjalic-Beck, K. Groth, Contraception
2010, 3, 185–196.

[4] R. Eccles, J. Clin. Pharm. Ther. 2006, 31, 309–319.

[5] P. Rathee, H. Chaudhary, S. Rathee, D. Rathee, V. Kumar, K.
Kohli, Inflamm. Allergy Drug Targets 2009, 3, 229–235.

[6] D. Mukherjee, S. E. Nissen, Eur. J. Topol. 2001, 286, 954–959.

[7] J. R. Van, R. M. Botting, Inflamm. Res. 1995, 44, 1–10.

[8] D. P. Schuster, V. Duvuuri, Clin. Podiatr. Med. Surg. 2002, 19,
79–107.

[9] S. Wild, G. Roglic, A. Green, R. Sicree, H. King, Diabetes Care
2004, 27, 1047–1053.

[10] M. Muggeo, G. Verlato, E. Bonora, F. Bressan, S. Girotto, M.
Corbellini, Diabetologia 1995, 38, 318–325.

[11] T. R. Brown, G. L. Holmes, N. Engl. J. Med. 2001, 344, 1145–
1151.

[12] A. Nicolson, J. P. Leach, Drugs 2001, 15, 955–968.

[13] C. L. Deckers, P. Genton, G. J. Sills, D. Schmidt, Epilepsy Res.
2003, 53, 1–7.

[14] L. I. Kruse, D. L. Ladd, P. B. Harrsch, F. L. McCabe, S. M. Mong,
L. Faucette, R. Johnson, J. Med. Chem. 1989, 32, 409–417.

[15] C. Jun, X. Jiangtao, L. Xianjin, Bioorg. Med. Chem. Lett. 2005, 15,
267–269.

[16] C. Hubschwerlen, P. Pflieger, J. L. Specklin, K. Gubernator, H.
Gmunder, P. Angehrn, I. Kompis, J. Med. Chem. 1992, 35,
1385–1392.

[17] T. M. Anelia, K. A. Kamelya, I. V. Dimitar, A. T. Jordan, S. D.
Pavletta, S. K. Magdalena, K. M. Mitka, Eur. J. Med. Chem. 2006,
41, 1412–1420.

[18] L. K. Labanauskas, A. B. Brukstus, P. G. Gaidelis, V. A.
Buchinskaite, E. B. Udrenaite, V. K. Dauksas, Pharm. Chem.
J. 2000, 34, 353–355.

[19] R. Iemura, T. Kawashima, T. Fukuda, K. Ito, G. Tsukamoto,
J. Med. Chem. 1986, 29, 1178–1183.

[20] E. R. Cole, G. Crank, A. Salam-Sheikh, J. Agric. Food Chem.
1974, 22, 918.

[21] K. Kubo, Y. Kohara, Y. Yoshimura, Y. Inada, Y. Shibouta, Y.
Furukawa, T. Kato, K. Nishikawa, T. Naka, J. Med. Chem. 1993,
36, 2343–2349.

[22] W. K. R. Mederski, D. Dorsch, S. Anzali, J. Gleitz, B. Cezanne,
C. Tsaklakidis, Bioorg. Med. Chem. Lett. 2004, 14, 3763–
3769.

[23] A. R. Porcari, R. V. Devivar, L. S. Kucera, J. C. Drach, L. B.
Townsend, J. Med. Chem. 1998, 41, 1252–1262.

[24] J. E. Baldwin, R. M. Adlington, N. P. Crouch, EP 899268. 1999
[Chem. Abstr. 1999, 130, 196655].

[25] L. E. J. Kennis, J. Vandenberk, J. M. Boey, J. C. Mertens, A. H.
M. van Heertum, M. Janssen, F. Awouters, Drug Dev. Res. 1986,
8, 133–140.

[26] P. Meisel, H. J. Heidrich, H. J. Jaensch, E. Kretzschmar, S.
Henker, G. Laban, DD 243284. 1987 [Chem. Abstr. 1987, 107,
217629].

[27] C. Garcia, M. Ana, E. K. Koch, A. J. Lofstedt, A. Cheng, T. F.
Hansson, E. Zamaratski, WO2007003419. 2007 [Chem.
Abstr. 2007, 146, 142516].

[28] L. M. Garrick, D. B. Hauze, K. L. Kees, I. Lundquist, T. Joseph,
C. W. Mann, J. F. Mehlmann, J. C. Pelletier, J. F. Rogers,
Jr, J. E. Wrobel, WO2006009734. 2006 [Chem. Abstr. 2006,
144, 170990].

[29] A. S. Bessis, C. Bolea, B. Bonnet, M. Epping-Jordan, N. Poirier,
S. M. Poli, J. P. Rocher, Y. Thollon, WO2005123703. 2005
[Chem. Abstr. 2005, 144, 88317].

[30] H. S. Reddy, K. M. Hosamani, R. S. Keri, Arch. Pharm. Chem. Life
Sci. 2009, 342, 412–419.

[31] R. V. Shingalapur, K. M. Hosamani, R. S. Keri, M. H. Hugar,
Eur. J. Med. Chem. 2010, 45, 1753–1759.

[32] C. A. Winter, E. A. Risley, G. W. Nuss, Proc. Soc. Exp. Biol. Med.
1962, 111, 544–547.

[33] J. Maroo, V. T. Vasu, S. Gupta, Phytomedicine 2003, 10, 196–
199.

[34] S. Hemalatha, T. Ayyappan, S. Shanmugam, S. Nagavalli,
T. S. Kurubha, Indian J. Trad. Knowledge 2006, V, 468–
470.

[35] R. J. Porter, J. J. Cereghino, G. D. Gladding, B. J. Hessie,
H. J. Kupferberg, B. Scoville, Cleve. Clin. Q. 1984, 51, 293–
299.

[36] R. I. Krall, J. K. Penry, B. G. White, H. J. Kupferberg, E. A.
Swinyard, Epilepsia 1978, 19, 409–415.

[37] Prism Demo Graph Pad Software, Inc.

[38] S. Bonner-Weir, Diabetes 1988, 37, 616–621.

[39] N. P. Gupta, N. G. Solis, M. E. Avella, E. Sanchez,
J. Ethanopharma 1984, 10, 323–327.

[40] R. F. Woodson, Statistical method for analysis of biochemical data,
probability and mathematical statistics, Wiley, Chichester 1987,
p. 315.

72 I. N. Shaikh et al. Arch. Pharm. Chem. Life Sci. 2012, 345, 65–72

� 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.archpharm.com


