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A series of bezafibrate ester prodrugs 1e7 were synthesized and evaluated for hypolipidemic activity in
Swiss Albino mice (SAM). Bezafibrate (1a), a hypolipidemic drug was used as a reference compound for
data comparison. Among the synthesized compounds, prodrug 7 showed superior activities in
decreasing triglyceride up to 30% in mice plasma after oral administration of 50 mg/kg/day for 8 days.
Prodrugs 2, 3, 5, 6, and 7 were found to be more lipophilic than bezafibrate (1a), indicated by partition
coefficients measured in octanol-buffer system at pH 7.4. On the basis of in vivo studies, prodrug 7
emerged as new potent hypolipidemic agent.

� 2012 Elsevier Masson SAS. All rights reserved.
1. Introduction

High-serum low-density lipoprotein (LDL) and elevated total
cholesterol levels are the most prevalent indicators for suscepti-
bility to atherosclerotic heart disease [1,2]. Hypercholesterolemia is
now considered a major risk factor in the development of prema-
ture atherosclerosis. Past efforts to slow or even reverse this disease
process have focused almost exclusively on the development of
potent hypocholesterolemic agents. As a result of these efforts,
several classes of hypolipidemic agents are now available for the
control of hypercholesterolemia. These include the most recent
class of agents, the HMG CoA reductase inhibitors [3], the second-
generation fibric acid derivatives [4], and the bile acid seques-
trants [5]. These various agents can be separated on the basis of
their different mechanisms of action, and the combination of
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cholesterol-lowering drugs from different classes represents
a currently accepted therapy for aggressive cholesterol-lowering
therapy.

Fibrate class of drugs, discovered a decade ago, are effective in
reducing the serum triglyceride and increasing the high-density
lipoprotein (HDL) cholesterol in humans. Bezafibrate (1a, Fig. 1)
is fibric acid derivative, corresponds to the nomenclature of 2-(4-
{2-[(4-chlorobenzoyl)amino]ethyl}phenoxy)-2-methylpropanoic
acid and well-known activator of peroxisome proliferator-
activated receptors (PPARs), that can activate both PPAR-a and
PPAR-b. It is used to reduce triglyceride and cholesterol in the
management of hyperlipidemias, including type IIa, type IIb, type
III, type IV, and type V hyperlipoproteinemias [6]. The usual dose is
200 mg three times daily by mouth taken with or after food.
Bezafibrate reduce triglycerides by lowering the concentration of
very-low-density lipoprotein (VLDL). They reduce low-density
lipoprotein cholesterol (LDLC) to a lesser extent, although the
effect is variable, and may also increase high-density lipoprotein
cholesterol (HDLC) [7].

New strong fibrates with piperidine moiety showed very
superior activities in decreasing triglyceride and cholesterol
compared to bezafibrate in mice and rats [8]. a-Asarone bioisosteric
analogs of fibrates such as clofibrate, bezafibrate, and fenofibrate
have significant hypocholesterolemic activity [9e11]. A prodrug is
a pharmacological substance (drug) administered in an inactive (or
significantly less active) form. The rationale behind the use of
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Fig. 1. Chemical structures of bezafibrate (1a) and prodrugs 1e7.

B.P. Bandgar et al. / European Journal of Medicinal Chemistry 57 (2012) 217e224218
a prodrug is generally for absorption, distribution, metabolism, and
excretion (ADME) optimization. Prodrugs are usually designed to
improve oral bioavailability, eventually to improve the efficacy as
well.

Once administered, the prodrug is metabolized in vivo into an
active metabolite. Thus, prodrugs are molecules that must undergo
biotransformation prior to exhibiting their therapeutic effects. Our
strategy to synthesize new bezafibrate prodrugs 1e7 (Fig. 1)
consists of modifying the carboxyl function by selected bulkier
derivatives and studying the impact of such modifications on the
hypolipidemic activity in male Swiss albino mice (SAM). The
metabolic product (i.e. parent drug) subsequently elicits the desired
pharmacological response [12,13].

The physicochemical properties of a drug plays major role in the
development of formulation and bioavailability. Thus, physico-
chemical parameters like partition coefficient (log P), aqueous
stability and particle size distribution were studied.
2. Results and discussion

2.1. Chemistry

A series of novel bezafibrate ester prodrugs 1e7 were readily
synthesized in good yields (88%, 85%, 74%, 83%, 87%, 76%, 73%) by
straight forward condensation of bezafibrate (1a) with appropriate
promoiety aeg (Fig. 2), in the presence of 1,1,3,3,-tetramethyl
guanidine (TMG) or sodium carbonate or potassium carbonate in
dimethylacetamide (DMAc), according to the Scheme 1. Promoi-
eties aeg were synthesized as per the procedures given in our
earlier published articles [14,15]. The structures of all prodrugs
were established by IR, 1H NMR, 13C NMR, mass spectrometry,
elemental analysis, and their purity in excess of 99% was confirmed
by HPLC analysis (Supporting Information).

2.2. Pharmacological evaluation

Owing to interest in the synthesis of new hypolipidemic agents,
series of bezafibrate ester prodrugs 1e7were synthesized and eval-
uated for triglyceride and cholesterol-lowering potential in Swiss
albino mice (SAM), a moderate hypertriglyceride model [16e20].
Normal mice (chow fed) were used for primary screening of hypo-
lipidemic agents. The mice were treated with prodrugs 1e7 and
bezafibrate (1a) by oral gavage at a dose of 50 mg/kg/day for 8 days.
The in vivo profile of compounds 1e7was comparedwith a reference
drug bezafibrate (1a) for hypolipidemic activity. The prodrugs 2, 3, 6,
and 7 were found more potent in lowering triglyceride than bezafi-
brate (1a) and the prodrug 7 alone showed a significant reduction in
mice plasma triglyceride level (TG). Total cholesterols (TCs) did not
show significant changes in the bezafibrate as well as prodrug-
treated animals (Table 1, Fig. 3). The TG lowering activity of bezafi-
brate (1a) was improved by esterification with 4-chloromethyl-5-
methyl-1,3-dioxol-2-one and the lowering effect of TG in mice
plasmawas the highest among all prodrugs. This may be because of
improvement in the oral bioavailability of the compound eventually
better efficacy.

2.3. Dose response of prodrug 7 in Swiss albino mice

Prodrug 7 alone lowered the mice triglyceride level significantly
(P< 0.01) as compared to normal control and hence a dose effect
relationship for triglyceride (TG), and for total cholesterol (TC) at
the doses of 10, 30,100 mg/kg/daywas studied and the results were



O O

O

I O

O

I O

O

Br

O O

O

I

O N

Cl

.HCl

O

O

O

Cl

O

O

Br

a b c

fed

g

Fig. 2. Chemical structures of (a) iodoethylisopropyl carbonate, (b) iodomethyl pivalate, (c) 1-acetoxyethyl bromide, (d) iodomethylisopropyl carbonate, (e) 2-acetoxyethyl bromide,
(f) 4-(2-chloroethyl) morpholine hydrochloride, and (g) 4-chloromethyl-5-methyl-1,3-dioxol-2-one.
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summarized in Table 2. A dose 30 mg/kg per day, showed the
significant TG lowering activity (about 27%), which was identical to
dose 50 mg/kg/day and dose 100 mg/kg/day (Table 2). There were
no significant changes observed in total cholesterol (TC) at all doses
in mice plasma (Table 2).

2.4. Physicochemical properties

2.4.1. Particle size distribution (PSD)
To improve the bioavailability, active pharmaceutical ingredi-

ents (API) are converted to fine particle size either by chemical
synthesis or by physical operations likemicronization/ spray drying
etc. Lower PSD of compounds improves its oral bioavailability
eventually better efficacy. Pharmacological profiles of prodrugs in
lowering triglyceride (Table 1) indicate that prodrugs 2, 3, 6, and 7
Cl
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Bezaf ibrate (1a)

Scheme 1. Synthesis of bezafibrate ester prodrugs 1e7: reagents and conditions: (i) ICH(CH
30 min; (iii) BrCH(CH3)OCOCH3, Na2CO3, DMAc, 30 �C, 3.5 h; (iv) ICH2OCOO(CH3)2, DMAc, T
K2CO3, DMAc, 65 �C, 6 h; (vii) promoiety g, Na2CO3, DMAc, 32 �C, 70 h.
are more potent than bezafibrate (1a) even though these prodrugs
compounds have either higher or identical particle size distribution
(Table 3). Efficacy of these prodrugs may improve further upon
micronization.

2.4.2. Partition coefficient (log P)
To examine the fundamental process of the transfer of drug

to the biological membrane, the partition coefficient of prodrugs
1e7 and the reference drug bezafibrate (1a) was determined by
HPLC method in octanol-buffer system at 25 �C. Partition coeffi-
cient experimental value of bezafibrate (1a) was in line with the
value reported in the literature [21]. Higher log P values of all
prodrugs indicated that prodrugs are more lipophilic than beza-
fibrate (1a) and prodrug 7 is less lipophilic than the prodrugs 1e6
(Table 4).
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3)OCOOCH(CH3)2, DMAc, TMG, �5 �C, 30 min; (ii) ICH2OCO(CH3)3, DMAc, TMG, �10 �C,
MG, �10 �C, 30 min; (v) BrCH2CH2OCOCH3, Na2CO3, DMAc, 55 �C, 8 h; (vi) promoiety f,



Table 1
Hypolipidemic effect of prodrugs 1e7 and bezafibrate (1a) on triglyceride (TG) and
total cholesterol (TC) level in Swiss albino mice (SAM)a.

Compound Dose (mg/kg) TG TC

(mg/dL) % fall (mg/dL) % fall

Control e 172.3� 8.0 e 123.8� 3.0 e

1a 50 152.7� 10.4 11.4 110.9� 4.2 10.4
1 50 165.6� 11.5 3.9 130.7� 4.4 �5.6b

2 50 39.9� 6.6 18.8 119.6� 2.3 3.4
3 50 142.6� 7.6 17.2 118.5� 4.3 4.3
4 50 167.1� 8.0 3.0 120.1� 3.5 3.0
5 50 155.7� 9.3 9.6 120.8� 3.8 2.4
6 50 152.0� 8.2 11.8 120.1� 2.8 3.0
7 50 120.3� 11.2 30.2 107.7� 3.1 13.0

a Each value represents the mean� SE (n¼ 10). The percentage of TG and TC
lowering action are shown relative to normal control.

b Negative value increase in the level of measured parameter, % fall and % rise are
calculated for groups in relation to the control group.

Table 2
Hypolipidemic effect of prodrug 7 in Swiss albino mice (SAM).

Compound Dose (mg/kg) TG TC

(mg/dL) % fall (mg/dL) % fall

Control e 117� 9.5 e 100.50� 8.47 e

7 10 113.5� 11 3.51 95.63� 3.26 4.9
7 30 85.8� 6.5 27.1 98.50� 2.19 2.0
7 100 91.9� 10.6 22.3 96.50� 5.34 4.0

Each value represents the mean� SE (n¼ 8). The percentage of TG and TC lowering
action are shown relative to normal control.

B.P. Bandgar et al. / European Journal of Medicinal Chemistry 57 (2012) 217e224220
2.4.3. Aqueous stability
Prodrug candidates 2, 3, 5, 6, and 7 were evaluated for physio-

logical stability in buffers ranging frompH 1 to 9, so that they can be
formulated in a stable dosage form. Buffers employed in chemical
hydrolysis study covered pH of microclimate of stomach (pH 1e2),
duodenum (pH 4.0e5.5), jejunum (pH 5.5e7.0), and systemic
circulation (pH w7.4). Results of hydrolysis of prodrugs in aqueous
buffer at pH 1e9 are summarized in Table 5. All prodrugs were
found highly stable at pH 1 and 3. Marginal hydrolysis of prodrugs
was observed at pH 5.2, 7.4 and 9.0. Chemical stability of prodrugs
1e7 indicates that all these compounds have sufficient stability,
ensuring them to be absorbed as intact moieties from the gastro-
intestinal tract (Table 5).
3. Conclusions

Novel bezafibrate ester prodrugs 1e7 were synthesized, and
evaluated for hypolipidemic activity by known experimental
techniques [16e18] in male Swiss albino mice (SAM) in comparison
with reference drug bezafibrate (1a). On the basis of in vivo eval-
uation prodrug 7 demonstrated better efficacy in lowering
triglyceride (30.2%) than reference drug bezafibrate (11.4%). This
may be because of improvement in the oral bioavailability of the
compound eventually better efficacy. Thus, on the basis of in vivo
studies, prodrug candidate 7 has an improved therapeutic profile
in vivo over their parent drug bezafibrate (1a) in SAM. Hence,
a promising novel approach, prodrug concept, has been success-
fully worked out, yielding therapeutically better compounds for
long-term oral hypolipidemic therapy.
Fig. 3. Plasma triglyceride levels in Swiss albino mice treated via o
4. Experimental section

4.1. Materials and methods

Melting points were determined on an MR VIS (Lab India)
melting point apparatus and are uncorrected. 1H NMR (400 MHz)
and 13C NMR (100 MHz) spectra were recorded on a Bruker
Advance spectrophotometer using CDCl3 and DMSO solvent. The
chemical shifts are reported in ppm downfield from zero, and
coupling constants are reported in hertz (Hz). IR spectra were
acquired by using an FTIR Perkin-Elmer model RXI and FTIR spec-
trophotometer Nicolet 380 (Thermo Nicolet); software was Omnic.
Mass spectra were recorded on a PE-SCIEX API-3000 LCMS/MS
(Applied Biosystem) spectrophotometer. HPLC analysis was per-
formed by using a Waters Alliance system, pump model 2695 with
UV detector model 2487 and Shimadzu LC 2010 CHT with UV
detector. Particle size distribution analysis was performed on
Malvern particle size analyzer model Master sizer S. All prodrug
compounds were analyzed by HPLC, and their purity was
confirmed to be excess of 98.0%. In vivo study was performed on
Clinical Chemistry analyzer (Erba XL 300) by using ERBA diagnos-
tics kit and was carried out by using protocol approved by the
Institutional Animal Ethics Committee (IAEC) which compiled with
National Institute of Health (NIH) guidelines on handling of
experimental animals. An inbreed colony (at Orchid Research
Laboratory, India) of male Swiss albinomice (SAM) ofMusMusculus
strain were used for the study. Commercially available promoieties
e and f were gifted by Orex Pharma Private Limited, India and M/s
Matrix Laboratories, India, respectively. Bezafibrate (EP grade)
sample was gifted by D. K. Pharmachem Pvt. Ltd., India.
4.2. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-
methylpropanoic acid 1-isopropoxycarbonyloxyethyl ester (1)

A solution of 1a (2 g, 5.52 mmol) inDMAc (10 mL)was treatedwith
TMG (0.68 g, 5.87mmol) at �5 �C for 20min under N2 atmosphere.
ral gavages for 8 days with bezafibrate (1a) and prodrugs 1e7.



Table 3
Particle size distribution of bezafibrate (1a) and prodrugs 1e7.

Compound Particle size distribution (in mm)

<10% <50% <75% <90% <100%

1a 5 36 92 170 386
1 15 79 126 178 314
2 6 92 145 209 795
3 26 116 176 231 386
4 1 48 98 152 314
5 2 42 113 184 350
6 1 12 89 168 348
7 1 41 104 168 348

Table 5
Aqueous stability of prodrugs (2, 3, 5, 6, 7) in buffer solutions at 40 �C for 4 h.

Compound Formation of bezafibrate by hydrolysis (mg/mL)

pH 1.0 pH 3.0 pH 5.2 pH 7.4 pH 9.0

2 BDL BDL 1.7 2.2 0.8
3 BDL BDL 0.2 0.9 6.6
5 BDL BDL 0.7 1.8 2.5
6 BDL BDL 6.3 6.2 8.8
7 BDL BDL 0.2 0.5 2.6

BDL: below detection limit.
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Iodoethylisopropyl carbonate (1.43 g, 5.54 mmol) was added at�5 �C,
andstirredfor30 minat�5 �CunderN2atmosphere.Reactionprogress
was monitored by HPLC. The reaction mixture was transferred to
a mixture of ethyl acetate (25 mL), water (80mL) and sodium thio-
sulfate (0.5 g)undervigorousstirring.Theorganicphasewasseparated,
washedwith brine solution (4� 55mL), treatedwith activated carbon
(0.4 g), filtered and solventwas evaporated in vacuo at 35e40 �C to get
solid residue. Water (50mL) was added, the slurry was stirred at 5 �C
for 30 min, filtered, washed with water (50 mL), and dried in vacuo at
50 �C for 4 h to afford the title compound 1 as white crystalline solid
(3.5 g, 88%). Chromatographic purity (HPLC) 99.86%; mp 125.4 �C; MS
(ESIþ)m/z¼ 492 [MþH]þ.; IR (KBr) cm�13272,1759,1633,1263,1073.
1HNMR (CDCl3, 400MHz) d 1.30 (d, 6H, J¼ 6.24 Hz,eOCH(CH3)2),1.50
(d, 3H, J¼ 5.36 Hz, eOCH(O)CH3), 1.58 (s, 6H, eC(CH3)2), 2.87 (t, 2H,
J¼ 6.8 Hz, eNHCH2CH2Ar), 3.7 (t, 2H, J¼ 6.8 Hz, eHNCH2CH2Ar), 4.89
(sep, 1H, J¼ 6.24 Hz, eOCH(CH3)2), 6.11 (bs, 1H, eNH), 6.8 (q, 1H,
J¼ 5.36 Hz,eOCH(O)CH3), 6.84e7.62 (m, 8H, AreH); 13C NMR (DMSO,
100MHz) d 18.96 (eOCH(O)CH3), 21.29 (2C, eOCH(CH3)2), 24.92
(2C, ArOCH(CH3)2), 34.18 (eHNCH2CH2Ar), 40.99 (eHNCH2CH2Ar),
72.51(eOCH(CH3)2), 78.38 (ArOCH(CH3)2), 91.78 (eOCH(O)CH3),
119.02e151.98 (12C, Ar), 153.8 (eOCOO), 165.07 (ArCONHe), 171.54
(eCHCOO). Anal. Calcd. for C25H30ClNO7: C, 61.03; H, 6.15; N, 2.85.
Found: C, 60.96; H, 6.12; N, 2.83.
4.3. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-
methylpropanoic acid 2,2-dimethylpropionyloxymethyl ester (2)

A solution of 1a (5 g, 13.81 mmol) in DMAc (25 mL) was treated
with TMG (1.68 g, 14.5 mmol) at �10 �C for 20 min under N2 atmo-
sphere. Then, iodomethyl pivalate (3.41 g, 14.1 mmol) was added
at�10 �C and stirred for 30 min under N2 atmosphere. The reaction
progress was monitored by HPLC. The reaction mixture was trans-
ferred to a mixture of ethyl acetate (65 mL), water (200 mL) and
sodium thiosulfate (0.5 g) under vigorous stirring. ThepHof reaction
mixturewas adjusted to10.0with2%aqueous ammonia solutionand
stirred for 10 min at 25 �C. The organic phasewas separated,washed
Table 4
Partition coefficient of bezafibrate (1a) and prodrugs (2, 3, 5, 6, 7) in aqueous
solution.

Compound Partition coefficient (log P)a

Phosphate buffer pH 7.4 (0.2 M)

1a 1.5
1ab 2.0� 0.2
2 5.1
3 4.5
5 3.8
6 5.1
7 3.1

a Experimental results are expressed as the mean of three tests (n¼ 3).
b Partition coefficient reported in the literature [20].
with brine solution (3�100 mL), treated with activated carbon
(1.5 g),filtered and solventwas evaporated in vacuo40 �C to get solid
residue. To the residue,water (250 mL)was added, stirred for 30 min
at 2 �C, filtered, washed with water (50 mL), and dried in vacuo at
45 �C for 5 h to afford the title compound 2 as white crystalline solid
(5.6 g, 85%). Chromatographic purity (HPLC) 100%; mp 133 �C; MS
(ESIþ) m/z¼ 476.2 [MþH].þ; IR (KBr) cm�1 3251, 2977, 2939, 1755,
1634,1094; 1HNMR(CDCl3, 400 MHz) d1.17 (s, 9H,eC(CH3)3),1.61 (s,
6H, eOC(CH3)2), 2.87 (t, 2H, J¼ 6.8 Hz, eNHCH2CH2Ar), 3.68 (t, 2H,
J¼ 6.8 Hz,eNHCH2CH2Ar), 5.84 (s, 2H,eOCH2O), 6.11 (bs, 1H, NeH),
6.81e7.63 (m, 8H, AreH); 13C NMR (DMSO, 100 MHz) d 24.81 (2C,
ArOCH(CH3)2), 26.46 (3C, eCOCH(CH3)3), 34.15 (eHNCH2CH2Ar),
38.22 (eCOCH(CH3)3), 41.00 (eHNCH2CH2Ar), 78.38 (ArOCH-
(CH3)2), 79.80 (eOCH2O),118.96e153.11 (12C, Ar),165.06 (ArCONH),
172.35 (eOCOCH(CH3)3), 176.08 (eOCHCOO). Anal. Calcd. for
C25H30ClNO6: C, 63.09; H, 6.35; N, 2.94. Found: C, 62.97; H, 6.32; N,
2.92.

4.4. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-
methylpropanoic acid 1-acetoxyethyl ester (3)

A solution of 1a (5 g, 13.82 mmol) in DMAc (25 mL) was treated
withmicronized sodiumcarbonate (1.46 g,13.82 mmol) for60 minat
30 �C under N2 atmosphere. 1-Acetoxyethyl bromide (5.92 g,
35.46 mmol) was added and stirred at 30 �C for 3.5 h. Reaction
progress was monitored by HPLC. The reaction mixture was added
under stirring into the mixture of ethyl acetate (60 mL), water
(200 mL) and sodium thiosulfate (1.0 g). pH of reaction mixture was
adjusted to10.5with sodiumcarbonate, andstirred for10 minat20e
25 �C. The organic phase was separated, washed brine solution
(3�100 mL), treatedwithactivatedcarbon (2.0 g) for10 min,filtered
and solvent was evaporated completely under vacuum at 35e40 �C
to give solid product. The solid product was stirred with water
(150 mL) for15 minat15 �C,filtered,washedwithwater (75 mL), and
dried to get the title compound 3 as pale yellow crystalline solid
(8.0 g, 74%). Chromatographic purity (HPLC) 99.47%; mp 115 �C; MS
(ESIþ) m/z¼ 448.1 [MþH].þ IR (KBr) cm�1 3245, 1759, 1741, 1633,
1488,1091, 942; 1HNMR (CDCl3, 400 MHz) d 1.47 (d, 3H, J¼ 5.4 Hz,e
OCHCH3), 1.58 (s, 6H,eOCCH3)2), 2.02 (s, 3H,eOCOCH3), 2.87 (t, 2H,
J¼ 6.8 Hz, eNHCH2CH2Ar), 3.72 (t, 2H, J¼ 6.8 Hz, eNHCH2CH2Ar),
6.16 (bs, 1H, eNeH), 6.92 (q, 1H, J¼ 5.4 Hz, eOCHCH3), 6.81e7.63
(m, 8H, AreH); 13C NMR (CDCl3, 100 MHz) d 19.4 (eOCOCH3), 20.89
(eOCH(O)CH3), 25.4 (2C, eOCH(CH3)2), 34.9 (eHNCH2CH2Ar), 41.41
(eHNCH2CH2Ar), 79.08 (ArOCH(CH3)2), 89.37 (eOCH(CH3)O),
119.66e154.11 (12C, Ar), 166.55 (ArCONH), 169.03 (eOCOCH3),
172.47 (eOCHCOO). Anal. Calcd. for C23H26ClNO6: C, 61.67; H, 5.85;
N, 3.13. Found: C, 61.55; H, 5.82; N, 3.11.

4.5. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-
methylpropanoic acid isopropoxycarbonyloxymethyl ester (4)

The compound 1a (2.0 g, 5.5 mmol) was dissolved in DMAc
(10 mL) at 30 �C. The reaction mixture was cooled to �15 �C under



B.P. Bandgar et al. / European Journal of Medicinal Chemistry 57 (2012) 217e224222
N2 atmosphere. TMG (0.672 g, 5.8 mmol) was added once and stir-
red for 15 min at �15 �C. Then, 1-iodomethylisopropyl carbonate
(1.35 g, 5.52 mmol)was addedatonce. The reactionmasswas stirred
for 30 min at �15 to �10 �C. Reaction progress was monitored by
HPLC. The reaction mixture was transferred to a mixture of ethyl
acetate (30 mL), water (80 mL) and sodium thiosulfate (0.5 g) under
vigorous stirring. Then, pH of reaction mixture was adjusted to 10.5
with sodium carbonate. The organic phase was separated, washed
with brine (4� 30 mL), decolorized with activated carbon (0.5 g),
and filtered. After evaporation of solvent in vacuo solid product was
obtained in the flask. Then, water (75 mL) was added, and stirred to
get homogeneous slurry, filtered, washed with water (50 mL) and
dried in vacuo at 45 �C to afford the desired product 4 as off white
solid (2.2 g, 83%). Chromatographic purity (HPLC) 100%; mp
104.2 �C;MS (ESIþ)m/z¼ 478.2 [MþH].þ; IR (KBr) cm�13269, 2990,
2940, 1770, 1632; 1H NMR (CDCl3, 400 MHz) d 1.28 (d, 6H,
J¼ 6.2 Hz, eOCH(CH3)2), 1.60 (s, 6H, eOC(CH3)2), 2.87 (t, 2H,
J¼ 6.4 Hz, eNHCH2CH2Ar), 3.69 (t, 2H, J¼ 6.4 Hz, eNHCH2CH2Ar),
4.9 (sept, 1H, J¼ 6.2 Hz, eOCH(CH3)2), 5.82 (s, 2H, eOCH2O),
6.1(bs, 1H, eNH), 6.8e7.63 (m, 8H, AreH); 13C NMR (CDCl3,
100 MHz) d 21.26 (2C, eOCH(CH3)2), 24.71 (2C, eOCH(CH3)2), 34.17
(eHNCH2CH2Ar), 40.96 (eHNCH2CH2Ar), 72.76 (eOCH(CH3)2),
78.44 (ArOCH(CH3)2), 82.40 (eOCH2O), 119.14e153.01 (12C, Ar),
152.61 (eOCOO), 165.06 (ArCONH), 172.23 (eOCHCOO). Anal. Calcd.
for C24H28ClNO7: C, 60.31; H, 5.91; N, 2.93. Found: C, 60.25; H, 5.88;
N, 2.91.

4.6. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-
methylpropanoic acid 2-acetoxyethyl ester (5)

A solution of 1a (3 g, 8.29 mmol) in DMAc (15 mL) was treated
with sodium carbonate (0.59 g, 5.55 mmol) and 2-acetoxyethyl
bromide (1.73 g, 10.36 mmol) at room temperature. The reac-
tion mixture was heated to 55 �C, and stirred for 8 h under N2
atmosphere. Reaction progress was monitored by HPLC. The
reaction mixture was added under stirring into the mixture of
ethyl acetate (41 mL), water (120 mL) and sodium thiosulfate
(0.5 g) under vigorous stirring. The organic phase was separated,
washed with brine solution (3� 38 mL), filtered, and solvent was
evaporated in vacuo at 35e40 �C to get solid residue. Then, water
(50 mL) was added, stirred at 5 �C for 30 min, filtered, washed
with water (50 mL), and dried in vacuo to afford the title
compound 5 as white fluffy solid (3.2 g, 87%). Chromatographic
purity (HPLC) 98.13%; mp 108.9 �C; MS (ESIþ) m/z¼ 448.2
[MþH].þ; IR (KBr) cm�1 3256, 1737, 1634. 1H NMR (DMSO,
400 MHz) d 1.49 (s, 6H, eOC(CH3)2), 1.94 (s, 3H, eOCOCH3), 2.79
(t, 2H, J¼ 7.44 Hz, eNHCH2CH2Ar), 3.46 (t, 2H, J¼ 7.44 Hz, e

NHCH2CH2Ar), 4.34 (m, 4H, eOCH2CH2O), 6.73e7.84 (m, 8H, Are
H), 8.6 (bs, 1H, eNeH); 13C NMR (CDCl3, 100 MHz) d 20.8 (e
OCOCH3), 25.49 (2C, eOCH(CH3)2), 34.85 (eHNCH2CH2Ar),
41.43 (eHNCH2CH2Ar), 62.08 (eOCH2CH2O), 62.87 (e
OCH2CH2O), 79.2 (ArOCH(CH3)2), 119.38e154.16 (12C, Ar),
166.59 (ArCONH), 170.87 (eOCOCH3), 174.19 (eOCHCOO). Anal.
Calcd. for C23H26ClNO6: C, 61.67; H, 5.85; N, 3.13. Found: C, 61.58;
H, 5.82; N, 3.11.

4.7. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-
methylpropanoic acid 2-morpholin-4-yl-ethyl ester (6)

A solution of 4-(2-chloroethyl) morpholine hydrochloride
(0.27 g, 1.451 mmol) in DMAc (2.5 mL) was treated with potassium
carbonate (0.3245 g, 2.279 mmol) and 1a (0.5 g, 0.1381 mmol) for
6 h at 65 �C under N2 atmosphere. Reaction progress was moni-
tored by HPLC. The reaction mixture was transferred to a mixture of
ethyl acetate (12 mL) and water (40 mL) under vigorous stirring.
The pH of reaction mixture was adjusted to 10.5 with sodium
carbonate and stirred for 10 min at 25 �C. The organic phase was
separated, washed with brine solution (2� 30 mL), filtered, and
solvent was evaporated in vacuo at 40 �C to get residual solid in the
flask. Then, water (25 mL) was added, stirred for 10 min at 4 �C,
filtered, washed with water (40 mL), and dried in vacuo at 45 �C to
afford the title compound 7 as white fluffy solid (0.5 g, 76%).
Chromatographic purity (HPLC) 99.95%; mp 141.9 �C; MS (ESIþ)
m/z¼ 475.1 [MþH].þ; IR (KBr) cm�1 3257, 1727, 1633. 1H
NMR (DMSO, 400 MHz) d 1.49 (s, 6H,eOC(CH3)2), 2.35 (t, 4H, J¼ 4.4
Hz, eN(CH2)2), 2.52 (t, 2H, J¼ 5.5 Hz, eOCH2CH2N), 2.78 (t, 2H,
J¼ 7.6 Hz, eNCH2CH2Ar), 3.33 (t, 2H, J¼ 7.6 Hz, eNCH2CH2Ar), 3.50
(t, 4H, J¼ 4.4 Hz, eO(CH2)2), 4.23 (t, 2H, J¼ 5.5 Hz, eOCH2CH2N),
6.75e7.84 (m, 8H, AreH), 8.64 (bs, 1H, eNeH). 13C NMR (CDCl3,
100 MHz) d 25.09 (2C, ArOCH(CH3)2), 34.15 (eHNCH2CH2Ar), 40.99
(eHNCH2CH2Ar), 53.22 (2C, eN(CH2)2), 56.31 (eOCH2CH2N), 61.96
(eOCH2CH2N), 66.17 (2C, eO(CH2)2), 78.55 (eOCHCOO), 118.86e
153.4 (12C, Ar), 165.03 (ArCONH), 173.25 (eOCHCOO). Anal. Calcd.
for C25H31ClN2O5: C, 63.22; H, 6.58; N, 5.90. Found: C, 63.15; H, 6.55;
N, 5.88.
4.8. 2-[4-[2-[(4-Chlorobenzoyl)amino]ethyl]phenoxy}-2-methyl-
propanoic acid 5-methyl-2-oxo-[1,3]dioxol-4-yl methyl ester (7)

A solution of 1a (2.0 g, 5.52 mmol) in DMAc (10 mL) was treated
withmicronized sodiumcarbonate (0.44 g, 4.1 mmol) and5-methyl-
2-oxo-1, 3-dioxolene-4-yl-4-methylene chloride (0.9 g, 6.06 mmol)
for 70 h at 32 �C under N2 atmosphere. Reaction progress was
monitored by HPLC. The reaction mixture was transferred to
amixtureof ethyl acetate (50 mL)andwater (100 mL)undervigorous
stirring. The pHof reactionmixturewas adjusted to 11.0with sodium
carbonate, and stirred for 10 min at 25 �C. The organic phase was
separated, washed with brine solution (2�100 mL), filtered, and
solvent was evaporated completely under vacuum at 35e40 �C to
give solid residue. Then,water (50 mL)was added, stirred for 10 min,
filtered, washed with water (50 mL), and dried in vacuo at 45 �C to
afford the title compound 7 as white solid (1.9 g, 73%). Chromato-
graphic purity (HPLC) 98.87%; mp 129.8 �C; MS (ESIþ) m/z¼ 474.1
[MþH].þ; IR (KBr) cm�1: 3282, 1823, 1743, 1634; 1H NMR (DMSO,
400 MHz) d1.55 (s, 6H,eOC(CH3)2), 2.13 (s, 3H,eC¼CCH3), 2.77 (t, 2H,
J¼ 7.7 Hz, eNHCH2CH2Ar), 3.45 (t, 2H, J¼ 7.7 Hz, eNHCH2CH2Ar),
5.07 (s, 2H,eOCH2), 6.69e7.84 (m, 8H, AreH), 8.65 (bs,1H,eNH); 13C
NMR (DMSO, 100 MHz) d 8.80 (eCCH3), 24.96 (2C, eOCH(CH3)2),
34.21 (eHNCH2CH2Ar), 40.96 (eHNCH2CH2Ar), 54.47 (eOCH2C),
78.67 (eOCHCOO), 118.73e153.19 (12C, Arþ 2C, ethylene), 151.71
(eOCOO), 165.04 (ArCONH), 172.89 (eOCHCOO). Anal. Calcd. for
C24H24ClNO7: C, 60.83; H, 5.10; N, 2.96. Found: C, 60.77; H, 5.07; N,
2.94.
4.9. HPLC analysis

Testing procedure for in-process analysis, aqueous solubility,
chromatographic purity, partition coefficient analysis, and limit of
detection (LOD). A reverse phase HPLC method was used. Instru-
ments used: HPLC, Waters Alliance, pumpmodel 2695, UV detector
model 2487. Mobile phase A was prepared by mixing glacial acetic
acid (2.0 mL in Milli Q water 1000 mL), filtered through 0.45 mm
filter, and degassed by sonication (pH of this solution is around 3.0).
Mobile phase B, involved filtered and degassed methanol (HPLC
grade). Chromatographic parameters were as follows: column,
YMC-Pack C-8, 100 mm length, 4.6 mm internal diameter, 3 mm
particle size; flow rate, 0.8 mL/min; wavelength, 254 nm; injection
volume, 20 mL; run time, 30 min. The gradient elution program is
given below



Time (min) Mobile phase A Mobile phase B

0e2 90 10
2e3 30 70
3e12 30 70
12e15 90 10
15e20 90 10
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4.10. Hypolipidemic activity

Hypolipidemic activity of the test compounds 1e7 and reference
drug bezafibrate (1a) were evaluated in male Swiss albino mice
(SAM) model reported previously [18e20].

Materials. Carboxy methyl cellulose (CMC) was purchased from
Aldrich Chemicals (St. Louis, USA), Tween-80 was purchased from
Sigma Aldrich chemicals and the Triglyceride kit from ERBA
Diagnostics.

Animals. Male Swiss albino mice (SAM) of 21e30 g body weight
were obtained from in-house animal facility of Orchid Research
Laboratories, India. Animals were kept for 1 week at a controlled
temperature 22e24 �C under 12 h light and 12 h dark cycle for
accommodation with free access to standard laboratory chow and
water ad libitum. All experiments were carried out by using
protocol approved by the Institutional Animals Ethics Committee
(IAEC) and compiled with National Institutes of Health (NIH)
guidelines on handling of experimental animals.

Formulation. All the test compounds were suspended in vehicle
(Tween-80, 5 mL/mL in 0.5% CMC, 10 mL/kg).

Biochemical analysis. Plasma triglyceride and cholesterol were
measured spectrophotometrically using commercially available
ERBA kit.

Statistical analysis. Mean values of treated groups were
compared to those of the vehicle treated group. Statistical signifi-
cance was determined by one-way analysis of variance (ANOVA),
followed by Dunnett’s test. Results were expressed as mean ± SE
from 10 animals in each group. A P value <0.05 was considered
significant.

Method. Male Swiss albino mice (SAM) were grouped into nine
groups (n¼ 10).

Group 1: Normal control untreated SAM received 0.5% CMC
(control vehicle).
Group 2: Administered bezafibrate (1a) orally and considered as
reference drug.
Group 3: Administered test compound 1 orally.
Group 4: Administered test compound 2 orally.
Group 5: Administered test compound 3 orally.
Group 6: Administered test compound 4 orally.
Group 7: Administered test compound 5 orally.
Group 8: Administered test compound 6 orally.
Group 9: Administered test compound 7 orally.

Animals were treated orally with reference compound 1a and
test compounds 1e7 at a dose of 50 mg/kg body weight for 8
days. After 8 days of treatment, animals were fasted for 12 h. On
the ninth day after giving respective treatment, blood samples
were collected 1 h post-administration of test compounds 1e7 as
well as 1a. Blood was collected under mild ether anesthesia.
Plasma was separated by centrifugation at 4000 rpm for 10 min
for measurement of triglyceride (TG) and total cholesterol (TC)
level by spectrophotometrically using a commercially available
ERBA kit. The results obtained were expressed as mean� SE.
Statistical analysis was done by one-way analysis of variance
(ANOVA), followed by Dunnett’s test, and P< 0.05 was considered
as statistically significant.
4.11. Determination of partition coefficient (log P)

The lipophilic character of bezafibrate (1a) and prodrugs 2, 3, 5,
6, 7 were assessed by determining its partition coefficient between
1-octanol and water (0.2 M phosphate buffer, pH 7.4) by HPLC
method at 25 �C. Before use, the 1-octanol and buffer solutionwere
mutually saturated for 24 h by shaking at 400 rpm on mechanical
shaker at 25 �C. A known concentration of compounds in 1-octanol
(5 mL) and buffer solution (5 mL) was shaken onmechanical shaker
for 60 min at 400 rpm at 25 �C and centrifuged at 3500 rpm for
5 min. The concentration of the test compound (solute) in both
phases was analyzed quantitatively by HPLC at 254 nm. Each
experiment was repeated in triplicate and mean value was
considered for log P estimation. The partition coefficient (log P) was
calculated by following equation.

log Poct=wat ¼ log

 
½solute�octanol

½solute�un�ionized
water

!

4.12. Particle size distribution

Instrument used. Malvern particle size analyzer, Model Master
Sizer S.

Analytical condition. RPM in dispersion unit, 2000; Sample time,
20 s (10,000 sweeps); % obscuration, 25� 2.5. Samplemeasurement
stability duration, 7 min; presentation, 3 OHD; dispersant, purified
water pH 7.0e7.5 (pH adjusted with dilute ammonia solution).

Sample preparation. Test sample (w100 mg) was taken in
100 mL size beaker, and dispersant (10 drops) was added followed
by addition of Tween-80 (2 drops). Thick paste was obtained. About
50 mL of dispersant was added to get homogeneous suspension
and then sonicated for 3e4 min.

Procedure. Dispersion unit and flow cell was cleaned with n-
hexane, and then about 100 mL of dispersion medium was poured
into the dispersion unit. RPM was set (2000). After stabilization,
instrument was aligned. Further sample was added gradually till
w25% obscuration attained. After 7 min of stabilization, particle
size distribution was measured.

4.13. Aqueous stability

The solution stability of the prodrug compounds 2, 3, 5, 6, and 7
was studied at 40 �C in 0.1 M boric acid buffer at pH 9.0, 0.2 M
phosphate buffer at pH 7.4, 0.1 M phosphate buffer at pH 5.2, 0.1 M
citric acid buffer at pH 3.0, 0.2 M hydrochloric acid buffer at pH 1.0.
Test compound (10 mg each) in buffer solution (10 mL) was incu-
bated at 40 �C for 4 h at 400 rpm on mechanical shaker. The solu-
tion was filtered through 0.20 mm membrane filter, and the filtrate
solution was analyzed quantitatively by HPLC at wavelength
254 nm for % hydrolyzed compound.
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