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Synthesis and Evaluation of Ibuprofen Conjugate with
Salicylamide and its Mannich Bases for Analgesic and
Antiinflammatory Activities
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Ibuprofen conjugate with salicylamide and its mannich bases
were synthesized and characterized using melting point, TLC, ele-
mental analysis, IR spectroscopy, NMR and mass spectroscopy.
Further, the compounds were screened for pharmacological activity
which indicated that some mannich bases of mutual prodrug of
ibuprofen and salicylamide were better than their individual parent
compound and its mutual prodrug for its analgesic and anti-
inflammatory activities. They also had lesser ulcerogenic index, an
indication of lesser toxicity.
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INTRODUCTION

Ibuprofen is a potent non-steroidal antiinflammatory drug. Like other NSAIDs,
it also suffers from various side effects such as peptic ulceration along with
gastrointestinal bleeding, nausea, vomiting, dizziness, etc.! Various researchers®
have attributed these side effects to the free carboxyl group and inhibition of
endogenous prostaglandins; therefore they have attempted either to substitute
suitably or replace this group by some bioisoteric group or have tried to mask
chemically to modify the undesirable effects of this group. The mannich bases of
some NSAIDs have been synthesized with the claim to have greater activity and
lesser side effects. The survey of literature revealed that some mannich bases of
ibuprofen ‘and salicylamide individually have been synthesized with enhanced
pharmacological activities with lesser ulcerogenic index®. It is also revealed that
the conjugates of drug with salicylamide also showed some enhanced activity. In
the present study, an attempt towards the concept of drug design through
conjugation of two different pharmacophores having similar pharmacological
activities has been made by synthesizing and evaluating conjugates of ibuprofen
with salicylamide and its mannich bases the prodrugs of a mutual prodrug.
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EXPERIMENTAL

All chemicals used were of general reagent and fine chemicals grade. TLC
was performed on silica gel G and KBr phase was used for IR on Shimadzu IR-47
spectrophotometer. Melting points of synthesized compounds were determined
by Toshniwal melting point determination apparatus in open capillaries and are
uncorrected. 'H NMR spectra were recorded on Bruker at 200 MHz and mass
spectra on Perkin-Elmer, U.S.A. using electrospray ionization technique.
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Step I.  Synthesis of acid chloride of ibuprofen
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Step II.  Synthesis of mannich bases of salicylamide
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R = methyl, ethyl, propyl, butyl and morpholyl.
Step III.  Synthesis of conjugates of ibuprofen with salicylamide and its mannich base.
SCHEME

Step I: Synthesis of acid chloride of ibuprofen: Ibuprofen (0.01 mol) was
dissolved in dry benzene (5 mL); to this thionylchloride (0.01 mol) was added
gradually with stirring. The reaction mixture was refluxed for 4 h. Thereafter
excess of benzene and thionylchloride was removed under reduced pressure and

a white crystalline product of acid chloride was collected, m.p. 60-62°C, yield
84%.



Vol. 17, No. 2 (2005) Study of Ibuprofen Conjugate with Salicylamide and Mannich Bases 945

Step II: Synthesis of mannich bases of salicylamide: Formaldehyde
(0.01 mol) and the respective amine (0.01 mol) were taken in a round-bottom
flask along with 3 mL of absolute alcohol and salicylamide (0.01 mol). A small
amount of concentrated hydrochloric acid (0.5 mL) was added and refluxed for
about 12 h and allowed to cool. Excess of alcohol was distilled off and the
remaining solution was kept for cooling at 0°C. The crystals of the compounds
were separated, washed with hot water and recrystallized from water/alcohol
mixture.

Step III: Synthesis of conjugates of ibuprofen with salicylamide and its
mannich bases: The acid chloride of ibuprofen (0.01 mol) was dissolved in
freshly distilled and dry pyridine (10 mL) and respective mannich base (0.01 mol)
also dissolved in pyridine was added dropwise with shaking. The reaction mixture
was allowed to stand overnight and poured into crushed ice to obtain the product.
The crude product obtained was filtered, washed, dried and recrystallized from
acetone.

Synthesis of 2-methyl-2-(4’-isobutyl phenyl)acetoxyphenyl-2-carboxamide
(I): Synthesis was performed as per general procedure but without step II. Yield
64.4%; m.p. 108°C; partition coefficient (phosphate buffer saline (PBS)
7.4/CHCl,): 13.2; TLC (benzene : methanol : ammonia 75 : 25 : 0.25); R; value:
0.46; % Analysis (Calcd.) Found: C (73.82) 73.64; H (7.12) 6.98; N (4.30) 4.36;
IR (KBr, cm™): 3300, 3200 v(N—H, primary amide), 3000-2840 v(C—H), 3020
v(aromatic C—H), 1740 v(C=O0 of ester), 1515 v(N—H amide II band), 900
v(1,4-substituted benzene ring), 700 v(1,2 substituted benzene ring). 'H NMR:
8 1.22 (6H, d, —CH(CH,),), 6 1.67 (3H, d, —CH—CHs;), & 2.02 (IH, m,
—CH,CH—(CH,),), 6 2.42 (2H, d, —CH,—CH—), § 3.96 (1H, q, CH—(CHy3)),
6 6.30 (2H, —CONH,), & 7.26 (4H, ArH ibuprofen), § 7.35-7.96 (4H, ArH
salicylamide); Mass: m/z 324.53.

Synthesis of 2-methyl-2-(4'-isobutyl phenyl)acetoxy phenyl-2-(N-dimethyl
amino methyl)carboxamide (II): Synthesis was performed as per general
procedure using dimethylamine. Yield 56.2%, m.p. 196°C; partition coefficient
(PBS 7.4/CHCl3): 19.8; TLC (benzene : methanol : ammonia 75 : 25 : 0.25); R¢
value: 0.59; % Analysis (Calcd.) Found: C (72.22) 72.06; H (7.91) 7.72; N (7.32)
7.12; IR (KBr, cm™): 3300 v(N—H, secondary amide), 30002840 v(C—H),
3020 v(aromatic C—H), 1750 v(C=0 of ester), 1640 v(C=0 of amide I band),
1590 v(N—H amide II band), 900 v(1,4-substituted benzene ring), 700 v(1,2-sub-
stituted benzene ring). '"H NMR: § 1.02 (6H, d, —CH(CH3),), 8 1.65 (3H, d,
—CH—CHj), 6 2.11 (1H, m, —CH,CH—(CHj3),), 8 2.16 (6H, m, (CH;—CH,)»),
8 2.54 (2H, d, —CH,—CH—), & 3.84 (1H, q, CH—(CH3y)), & 4.15 (2H, d,
NH—CH,), § 7.14 (4H, ArH ibuprofen), 8 7.26-7.86 (4H, ArH salicylamide), &
8.14 (1H, t, NH—CH,); Mass: m/z 380.94.

Synthesis of 2-methyl-2-(4'-isobutyl phenyl) acetoxy phenyl-2-(N-diethyl-
aminv methyl)carboxamide (III): Synthesis was performed as per general
procedure using diethylamine. Yield 68 %, m.p. 186°C; partition coefficient (PBS
7.4/CHCI3): 20.7; TLC (benzene : methanol : ammonia 75 : 25 : 0.25); R¢ Value:
0.60; % Analysis (Calcd.) Found: C (73.14) 73.24; H (8.35) 8.19; N (6.82) 6.67,
IR (KBr, cm'l): 3400 v(N—H, secondary amide), 3030 v(aromatic C—H),
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3000-2840 v(C—H), 1740 v(C=0 of ester), 1640 v(C=0 of amide I band),

1600 v(N—H amide II band), 900 v(1,4-substituted benzene ring), 750 v(1,2-sub-

stituted benzene ring). 'H NMR: § 1.02 (6H, d, —CH(CH,),), 8 1.26 (6H, m,

(CH;—CH,),), § 1.65 (3H, d, —CH—CH,), § 2.11 (1H, m, —CH,CH—(CH,),),
8 2.40 (4H, m, (CH;—CH,),N), § 2.54 (2H, d, —CH,—CH—), 4 3.84 (1H, q,

CH—(CH3)), § 4.15 (2H, d, NH—CH,), 8 7.14 (4H, ArH ibuprofen), 4 7.26-7.86

(4H, ArH salicylamide), § 8.14 (1H, t, NH—CH,); Mass: m/z 409.31.

Synthesis of 2-methyl-2-(4’-isobutyl phenyl)acetoxy phenyl-2-(N-dipro-
pylamino methyl)carboxamide (IV): Synthesis was performed as per general
procedure using dipropylamine. Yield 52%, m.p. 182°C; partition coefficient
(PBS 7.4/CHCl5): 24.0; TLC (benzene : methanol : ammon:ia 75 : 25 : 0.25); R
Value: 0.72; % Analysis (Calcd.) Found: C (73.94) 73.69; H (8.73) 8.51; N (6.39)
6.14; IR (KBr, cm’l): 3400 v(N—H, secondary amide), 3000-2840 v(C—H),
3040 v(aromatic C—H), 1740 v(C==0 of ester), 1640 v(C=0 of amide I band),
1600 v(N—H of amide II band), 900 v(1,4-substituted benzene ring), 750
v(1,2-substituted benzene ring). 'H NMR: § 0.92 (6H, m, (CH3—CH,),), 6 1.02
(6H, d, —CH(CH,),), 6 1.26 (4H, m, (CH;CH,CH,),), 8 1.65 (3H, d, —CH—
CH,), 8 2.11 (1H, m, —CH,CH—(CHa),), § 2.32 (4H, m, (CH;—CH,—CH,),),
8 2.56 (2H, d, —CH,—CH—), § 3.62 (I1H, q, CH—(CH3)), § 4.16 (2H, d,
NH—CH,), 8 7.16 (4H, ArH ibuprofen), § 7.24-7.56 (4H, ArH salicylamide), §
8.04 (1H, t, NH—CH,); Mass: m/z 437.12.

Synthesis of 2-methyl-2-(4’-isobutyl phenyl)acetoxy phenyl-2-(N-dibutyl-
amino methyl)carboxamide (V): Synthesis was performed as per general
procedure using dibutylamine. Yield 63.6 %, m.p. 172°C; partition coefficient
(PBS 7.4/CHCI3): 25.32; TLC (benzene : methanol : ammonia 75 : 25 : 0.25);
R¢ Value: 0.56; % Analysis (Calcd.) Found: C (74.64) 74.24; H (9.07) 9.24; N
(6.00) 5.86; IR (KBr, cm™): 3400 v(N—H, secondary amide), 3000-2840
v(C—H), 3030 v(aromatic C—H), 1750 v(C==0 of ester), 1640 v(C==0 of amide
I band), 1590 v(N—H of amide II band), 900 v(1,4-substituted benzene ring),
750 v(1,2-substituted benzene ring). 'H NMR: 8 0.92 (6H, m, (CH;—CH,CH,),),
3 0.99 (6H, d, —CH(CHj3),), 8 1.26 (4H, m, (CH;CH,CH,CH),),), 8 1.48 (4H, m,
(CH;—CH,—CH,CH,),), 6 165 (3H, d, —CH—CH3;), 8 2.11 (1H, m,
—CH,CH—(CH3;),), 6 2.38 (4H, m, (CH;—CH,—CH,CH,),), § 2.56 (2H, d,
—CH,—CH—), 8 3.62 (1H, q, CH—(CHa)), 6 4.17 (2H, d, NH—CH,), § 7.16
(4H, ArH ibuprofen), 8 7.24-7.66 (4H, ArH salicylamide), 5 80 (IH, t,
NH—CH,); Mass: m/z 465.21.

Synthesis of 2-methyl-2-(4’-isobutyl phenyl)acetoxy phenyl- 2-(N-morpho-
lino)carboxamide (VI): Synthesis was performed as per general procedure
using morpholine. Yield 52 %, m.p. 180°C; partition coefficient (PBS 7.4/CHCl,):
21.73, TLC (benzene : methanol : ammonia 75 : 25 : 0.25); Ry value: 0.70; %
Analysis (Calcd.) Found: C (70.73) 70.54; H (7.6) 7.24; N (6.6) 6.51; IR (KBr,
cm™!): 3400 V(N-H, secondary amide), 3000-2840 v(C—H), 3030 v{aromatic
C—H), 1750 v(C==0 of ester), 1640 v(C=0 of amide I band), 1580 v(N—H of
amide II band), 1115 vw(C—O—C alkyl ether moiety), 900 v(1,4-substituted
benzene ring), 750 v(1,2-substituted benzene ring). 'H NMR: § 0.99 (6H, d,
—CH(CHa),), 8 1.65 (3H, d, —CH—CH,), 4 2.11 (1H, m, —CH,CH—(CHy,),),
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8 2.41 (4H, t, CH,-morpholyl), 8 2.56 (2H, d, —CH,—CH—), 8 3.62 (1H, q,
CH—(CH,)), 8 3.76 (4H, t, CH,-morpholyl), 8 4.17 (2H, d, NH—CH,), § 7.14
(4H, ArH ibuprofen), & 7.22-7.46 (4H, ArH salicylamide), & 8.01 (1H, t,
‘NH—CH2) Mass: m/z 423.04.

Analgesic activity: The analgesnc activity of synthesized compounds was
determined by tail flick method’ using analgesiometer. Albino rats weighing
between.150-200 g were randomly distributed in test and standard group of six
‘animals. The screening was done at room temperature (35 + 1°C). The compounds
and standard were orally administered at doses 10 mg/kg body weight. The rat
was placed in rat folder through which tail of rat protruded out. Current was
adjusted so that more than 90% of rats gave tail flick response within five seconds.
Test compounds were injected to respective groups through intraperitonial route.
Pain threshold was measured after one hour of administration of test compounds.

Antiinflammatory activity: Antiinflammatory activity was evaluated by car-
rageenan induced rat paw edema method of Winter et al.® Albino rats of either sex
weighing between 150-200 g were randomly distributed in control and experimen-
tal group of six animals. At zero hour the test compounds and standard were
administered orally at doses equimolar to standard. 1 h after this treatment edema
was induced in hind paw of rat of injection of 0.1 mL of 1% carageenan in distilled
water into plantar tissues of paw. The initial paw volume was measured by
plethysmometer with 30 s of the injection. The relative increase in paw edema was
found by remeasuring the paw volume after 3 h of carageenan injection.

Ulcerogenic activity: The ulcerogenic activity was determined by the method
of Hitchen et al.® taking ibuprofen as standard. The test compounds and standard
were administered orally, as a suspension of 2% gum acacia suspension. Albinorats
were divided into seven groups having six animals in each group. The dose (10
mg/kg body weight) was given daily for cix days by oral route, water was given ad
libitum. Rats were sacrificed on the seventh day; their stomachs were removed,
opened along the greater curvature and washed slowly with saline. The inner
surface was examined for ulceration under 20X magnification. All ulcers 0.5 mm
were counted and per compound average number of ulcers were determined.

RESULTS AND DISCUSSION

The synthesized compounds were purified by recrystallization process using
acetone and melting point determination, TLC and IR studies along with nitrogen
estimation confirmed their purity. The compounds were also subjected to partition
coefficient studies. All compounds have greater value of partition coefficient than
the parent drug ibuprofen. Greater value obviously indicates high lipophilicity. The
increase in lipophilicity may probably be due to increase in number of carbon atoms
in the compound.

All the synthesized compounds have shown remarkable analgesic activity
(Table-1). The compounds containing morpholine group, diethyl group and
dimethyl group were shown to possess better activity as compared to that of
standard. The compounds containing propy! and butyl group have shown results
comparable with standard. From the above observations it could be inferred that
more work could be carried out with other amines to obtain superior analgesics
from the parent.
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The compounds synthesized have shown antiinflammatory activity superior to
the parent compound i.e., ibuprofen, with the exception of the salicyl and propyl
conjugates (Table-1). The sequence of the increase in activity being butyl, methyl,
ethyl and morpholine and contrary to this the propyl analogue showing activity
inferior to the standard, it is difficult to relate the activity with reference to
alterations in the size of the moiety introduced. However, these observations
suggest that a series of heterocyclic moieties be synthesized and screened for these
activities. As such the analgesic as well as the antiinflammatory activity have been
found enhanced in morpholine, ethyl, methyl and butyl analogues. The ulcerogenic
activity (Table-1) being decreased in all the synthesized compounds, it may be
stated therefrom that a detailed study in this respect is likely to give useful findings.

TABLE-1
ANALGESIC, ANTIINFLAMMATORY AND ULCEROGENIC
ACTIVITY OF SYNTHESIZED COMPOUNDS

Compounds Analgesic activity mean test Apd-inﬂ?:nmawry activity  Ulcerogenic
latency sec. (after 1 h) % inhibition of edema at 4 h Index
Control 425 — —
Standard v 125 41.55 2.50
Compound I "7.50 40.25 1.50
Compound IT 8.15 50.64 '0.38
Compound III 8.25 53.24 0.03
Compound IV 7.40 40.25 0.03
Compound V 7.75 48.05 0.19
Compound VI 8.50 53.24 0.26
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