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ABSTRACT

Following the principles of bioisosterism we enwigd to synthesize novel analogs of lead compaund
cyclohexyla-hydroxy-benzeneacetic acid-4-(diethylamino)-2-bylty ester with planned structural
modifications. Compounds synthesized were chaiaetkby spectroscopic techniques to establish their
structures and evaluated for their anti-spasmodittj-cholinergic and antimicrobial potency. The iant
spasmodic and anti-cholinergic testing was carr@ed by muscle relaxation studies on isolated Wistar
rat's ileum, contracted with acetylcholine and adeloline antagonist property on frog rectus
abdominal muscle preparation respectively. The Seelapotency of the compounds was evaluated
following one-way ANOVA followed by Scheffe’s pust analysis to find out the significance. The
compounds were evaluated in vitro, for their antifesial activity using acetone as a solvent and MIC
was done by broth dilution method. The fungal spisoidity testing on different fungi was done bypeu
diffusion method using Clotrimazole (100mcg/mL) sdandard using acetone as a solvent. The
compounds have shown promising results and defisftecture-activity relationship could be
established.
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INTRODUCTION

Antispasmodic drugs relieve cramps or spasms of stieenach, intestines, and bladder. [1] Anti-
cholinergic agent is a substance that blocks theotensmitter acetylcholine in the central and the
peripheral nervous system. Anti-cholinergic are mitered to reduce the effects mediated by
acetylcholine on acetylcholine receptors in neurttimsugh competitive inhibition [2]. These druge ar
always associated with unavoidable side effect®rted in the literature like dizziness, drowsiness,
lightheadedness, nausea, nervousness, blurredhvidip mouth [3]. Therefore, the discovery of new,
safer drugs represents a challenging goal for susearch area [4]. Recently, Barreiro et al.erged
that bioisosterism is a useful strategy for thealleatimization process and molecular modification f
rational drug design [5]. The present work is ateesion of our ongoing efforts towards the develepm
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and identification of new drug candidates; by ti@dotere concept. We designed some diverse analogs
of lead compound, a-cyclohexyle-hydroxy-benzeneacetic acid-4-(diethylamino)-2-byty ester
hydrochloride.

Synthesis of lead compound involves condensatiorkegf process intermediates; 4-diethylamino-2-
butynyl acetate andi-cyclohexyle-hydroxybenzeneacetic acid methyl est€he desired structural
diversities in the basic framework of lead compowete achieved by suitable modifications in above
process intermediates using respective raw materidiese modifications led us to the structurally
diverse derivatives of lead compound and were cheniaed by structure elucidation techniques like
NMR, IR and Mass spectra.

The compounds were screened for their antispasnatticanti-cholinergic potency against Papaverine
and Dicyclomine as standard drugs by muscle rdataxatudies on isolated Wistar rat’s ileum, cortiedc
with acetylcholine and acetylcholine antagonistperty on frog rectus abdominal muscle preparation
respectively. All compounds exhibited significantigpasmodic and anti-cholinergic activity.

It is evident from the literature reports that #twmpounds with two benzene rings and secondary or
tertiary nitrogen in its core molecule structure ekpected to exhibit antimicrobial potency [6]ff&ient
studies on search of newer antimicrobials and actévial have revealed that moderate to remarkable
antimicrobial or antibacterial action is present several compounds, belonging to various
pharmacological categories, such as antihistanfing®g, tranquilizers [10], antihypertensive [11jta
psychotics [12-16] anti-spasmodic [6] and antianfimatory agents [6]. Such compounds, having
antibacterial properties in addition to their preigeated pharmacological actions, are termed as non
antibiotics [6]. Based on this rationale presentigtis extended towards evaluating sedative, acttdial

and antifungal potency of our compounds.

Based on various potency levels exhibited and thlainned structural diversity, a definite corredation
structure-activity could be established.

MATERIALS AND METHODS

Chemistry

Synthesis of lead molecule i.e-cyclohexyle-hydroxy-benzeneacetic acid-4-(diethylamino)-2-loyty
ester hydrochloride involves simple condensatiod-dfethylamino-2-butynyl acetate anetyclohexyl-
a-hydroxybenzeneacetic acid methyl es(8cheme 1). The standard laboratory synthetic psoces
presented in following chapters. The diverse armmaloigintermediate 4-diethylamino-2-butynyl acetate
were synthesized in a two step process by syntioésii#ferent propargyl acetate homologs in thetfir
step and condensation with various substituted esriollowed by reaction with differentcyclohexyl-
a-hydroxybenzeneacetic acid methyl estealogs synthesized by Grignard process involviegaration

of cyclohexyl magnesium bromide and in situ condéna with respective homologs af-oxo-
benzeneacetic acid methyl ester.

Melting points of the synthesized compounds wererddgned on Thomas Hoover capillary apparatus
and are uncorrected. IR spectra of the synthesipetbounds were acquired on Perkin Elmer FTIR
SpectrumH NMR, spectra were acquired on Bruker 300MHz NMRarometer and mass spectra on

Shimadzu Qp-2010 mass spectrometer. Perkin Elmamu€l500 GC system and Agilent 1100 HPLC

system was used to monitor progress of the reaatiointo evaluate purity of compounds. Chemicals and
solvents used were procured from Sigma-Aldrichromf Rankem Ltd.
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Synthesis of Lead Compound (7) and its analogs (74
@ Standard process for preparation of propargyl acetée (2) and its analogs.

To a precooled solution (<iD) of propargyl alcohol (200 g, 3.57 M) and tridtgine (430.5 g, 4.26 M)

in dichloromethane (1.0 L), was added acetyl ci®ri311.0 g, 3.96 M) maintaining temperature less
than 15C. The reaction mass was slowly warmed to 2@24nd stirred for 0.5 h. Completion of reaction
was confirmed by GC and water was added to thdiosamass. The reaction mass was then stirred for
15 min, layers settled and organic layer contairpreduct was separated. The product was isolated by

distillation after recovery of dichloromethane smit. Product Chemical Yield: 318.5 g, 91 %.

Scheme 1: Synthetic Pathwajor preparation of compounds (7a-7j)

Preparation of 4-diethylamino-2-butynyl acetate

o (0]
TEA )K
Cl MDC -
(1) (2)
/R* 0 R*
AN )k —
(CH,O)n / g o ¢ C/\N<
1,4-Dioxan R**
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Preparation of alpha-cycloxexyl-alpha-hydroxybenzeneacetic acid methyl ester

O
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Final Condensation: Preparation of Lead Compound
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@ Standard process for the preparation of 4-diethylarimo-2-butynyl acetate (3) and its analogs.

To the mixture op-formaldehydg90 g, 3.0 M), diethylamine (210 g, 2.87 M) and mus chloride (5.0
g) in 1,4-dioxane (1.050 L) was added propargytatee(250 g, 2.55 M) under stirring at 30°G5The
reaction mass was then heated using an oil ba®085°C and maintained for 1 h. Completion of
reaction was confirmed by GC, cooled td@&nd reaction mass was filtered. On recovery bfeso 1,
4-dioxane (70 %) crude product was isolated (415.B9 %) which was purified by distillation under
reduced pressure (ImmHg, 75°8Dto get pure product as brownish yellow oil. RrtdChemical Yield:
373.5 g, 80.2 %.

@ Standard process for the preparation ofa-oxo-benzeneacetic acid methyl ester (5) and its
analogs.

To the solution ofi-oxo-benzeneacetic acid (150 g, 1.0 M) and dimé&shylamide (1.0 mL) in toluene
(0.450 L) was added thionyl chloride (178.5g, 1.p Whe solution was heated to 45°60and continued
for 1 h. The reaction mass was then subjected dtillalion when toluene was recovered (~0.390 L)
followed by distillation of product under reducecegsure (1 mmHg, 6Q). The isolated acid chloride
product (155 g, 92 %) was poured in methanol (01308nd methyl ester of was isolated by distillatio
under reduced pressure (1 mmHg ®8after initial recovery of methanol. Product Cheah Yield:
143.5 g, 87 %.

@ Standard process for the preparation ofa-cyclohexylu-hydroxybenzeneacetic acid methyl ester
(6) and its analogs.

Magnesium turnings (15.8 g) and iodine (0.02 g)emedded to tetrahydrofuran (73.0 g) under nitrogen
atmosphere and the mixture was stirred at abdi@ &% 0.5 h. Initially cycloxexyl bromide (4.1 g,025

M) was added drop wise followed by tetrahydrofuf@@2.0 g) was added and remaining cyclohexyl
bromide (86 g, 0.53 M) was added drop wise at 6@7The mixture was stirred at 60°@0and reaction
completion was confirmed by GC. The mixture wasleddo 20-30C and this Grignard solution was
added drop wise to a mixture af-oxo-benzeneacetic acid methyl ester (82.1 g, 0. dvd
tetrahydrofurane (82.0 ml) at 5°1& The reaction mass further stirred for 1 hour mattion completion
was confirmed by HPLC for absence wbxo-benzeneacetic acid methyl ester. Tetrahydaofirwas
evaporated under reduced pressure at 66-80d toluene (0.150 L) was added. This mixture thas
added drop wise at < 35 to 7N hydrochloric acid (0.215 L) and allowedstir for 0.5 h. The layers
were settled, organic layer containing product wagarated, cooled to 06 and product isolated by
filtration. The product was purified by crystalltian from ethyl acetate. Product Chemical Yield:780
gm, 65 %.

@ Standard process for the preparation of a-cyclohexylw-hydroxy-benzeneacetic acid-4-
(diethylamino)-2-butynyl ester hydrochloride (7) ard its analogs (7a-7j).

To the solution ofu-cyclohexyla-hydroxybenzeneacetic acid methyl ester (160 g5 0% in heptane
(0.800 L) was added solution of 4-diethylamino-2ylyl acetate (130 g, 0.71 M) in heptane (0.800 L)
followed by sodium methoxide (8.0 g) at 25°G0Heat the reaction mass to 9¢®@5hen distillation of
methyl acetate and n-heptane mixture starts. Bheoitinued further for 3 hours. Reaction compietio
was confirmed by HPLC and adde¢heptane (0.400 L) followed by water (0.400 L). Tkaction mass
stirred for 10 min, layers settled and organic ftag@ntaining product was separated and washedefurth
with water (0.100 L). The organic layer was thetraoted with 10 % HCI solution (4 x 0.100 L) and
combined acidic aqueous layer was subjected tdirehi{0 + 5°C) when product is precipitated as
hydrochloride salt. The product slurry stirred Iohour at same temperature, filtered. The cruddymio

is purified by crystallization from ethyl acetat isolate pure product as off white crystalline plew
Product Chemical Yield 218.5 gm, 86.4 %

Pharmacology
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All the pharmacological testing was performed fallog prescribed protocols on approval of Institnb
animal ethics committee constituted for the purpose

@ Test Protocol: Anti-spasmodic activity

The work includes muscle relaxation studies oratsal Wistar rat's ileum, contracted with acetylamel
[17, 18]. Wistar rats (n=6) of both sexes (300-§P@vere used for the study. The animals were seedf

by using ether as anesthetic agent, until deatd.ilEhhm was removed immediately and placed in adrat
Krebs saline at 3. The saline contained (in mM): NaCl, 120.7; K&I9; CaC}, 2.5; MgC}, 1.2;
NaHCG;, 15.5; and glucose, 11.5 at pH 7.3.For tensioorddeg 2 cm ileal strips were mounted in a 10
ml organ bath and were connected to physiograplyriigp Recorders and Medicare systems) through
force tension transducer. In the concentrationeak@uM - 150 uM, papaverine, the lead compound and
all its derivatives caused relaxation of spontasedwthmic contractions of both Wistar rat ileum
accompanied by a fall in resting tension.

The inhibition contraction was measured simply ascentage reduction in the height of spontaneous
contractions. The percentage relaxation of all vd¢ites is compared in Table 4. The results are

expressed as mean + S.E. The statistical signifeearas treated with the paired student’s t-tegallre <

0.01 was considered to be significant. Increaselemrease in tension was expressed as percent of
maximal response to Papaverine and lead compounedteBults are reported in Table 4.

@ Test Protocol: Anti-cholinergic activity

The compounds were assayed for their acetylchameagonistic property on frog rectus abdominis
muscle preparation. The results were compared “dittyclomine’ which is used as reference standards
and also with their parent compound.

Solution of the drugs: The weighed quantity of edolg was dissolved in a minimal known amount of
warm ethanol and the volume was made with warmilldistwater so that the solution in no case
contained more than 5% ethanol. The solution watedao room temperature before use and the studies
were conducted with freshly prepared solution afhedrug. Since the control studies with 5% ethanol
alone did not exhibit any anti-acetylcholine adtivionly the activity of the compounds is reporiad
Table 5.

Rectus abdominis muscle of frog was mounted inrgarobath as described by [19-20]. Acetylcholine
induced spasm was recorded with 0.1 mg/ml conciémtraAfter the controls were obtained, the tesigdr
was added and was allowed to remain in contact thightissue for 3 min. Again the same amount of
acetylcholine was added and the tracing was redordlbe percentage inhibition was calculated and
compared with that of the parent drug. The prearavas tested at intervals of 5 min, for 30 mitthw
acetylcholine to observe the recovery period.

@ Test Protocol: Sedative activity

Male Wister rats weighing in the range of 200-400ere selected from an inbred strain colony. They
were maintained at constant temperature and relatimidity. Acute toxicity was done by followiniget
proposed test method from literature [21]. Thidpesodium (Thiosol ®) was used as standard drisg, 2
CMC suspension was used as control and suspensidghge synthesized compounds were used. The
mean sleeping times of compounds were comparedthétstandard, using one-way ANOVA followed
by Scheffe’s post hoc analysis to find out the diggince. The results are presented in Table 6.

@ Test Protocol: Antibacterial activity

Antibacterial activity of the synthesized compoulfds 7a-7j) was evaluated using acetone as a dolven

and MIC was done by broth dilution method [22]. Heeterial stains used for the assay include, apain
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gram-positive organisms B.Subtilis (MTCC 441), Buaericus (MTCC 511) & S.aureus (MTCC 96) and
Gram-negative organisms P.aeruginosa (MTCC 741&rkgenes (MTCC 39) & C.violaceum (MTCC

2656) at 100ug/ml concentration. Standard antibattelrugs were also screened under similar
conditions for comparison. Penicillin (100mcg/mitdm stock solution of 1000mg/mL was used as
standard for B.Subtilis, B.sphaericus & S.aureus @entamycin (100mcg/mL) from stock solution of
1000mg/mL was used as a standard for other organibhe results are presented in Table 7.

@ Test Protocol: Antifungal activity

The antifungal activity of compounds (7,7a-7j) veagluated against A. niger (MTCC 282), C. tropicum
(MTCC 2821), R.oryzae (MTCC 262), F.moliliforme (M@T 1848) and C. lunata (MTCC 2030) using
Acetone as a solvent by cup diffusion method [22] 100mcg/mL concentrations. The fungal
susceptibility testing was done by cup-diffusiontimegl using Clotrimazole (100mcg/mL) from stock
solution of 1000mg/mL as standard. The resultspsesented in Table 8. The zone of inhibition was
measured after 24 hr of incubation at@7The zone of inhibition developed if any, wasntleecurately
measured and recorded.

RESULTS AND DISCUSSION

Chemistry
The structurally diverse derivatives of lead commbu-cyclohexyla-hydroxy-benzeneacetic acid-4-

(diethylamino)-2-butynyl ester hydrochloride asgeneted in Table 1. The chemical yields of synttesbiz
compounds were in the range of 60-86 % and pugitgls were in expected range of not less th&d

%.
Table 1: Analogs of Lead Compound (7-7j)

Product R1 R2 R3 R4 R5 n R* R** % Yield
7 H H H H H 0 -GHs -C,Hs 86.4 %
7a H H H H H 2 -GH;s -C,Hs 62.3 %
7b H H H H H 3 -GHs -C,Hs 71.9%
7c H CH H H H 2 -GHs -C,Hs 76.8 %
7d CH CH; H H H 2 -GHs -C,Hs 84.3 %
7e H H H H H 0 -CH(CH), -CH(CHg), 79.5 %
7f H H H H H 0 -(CH)s-CH; -(CH,)3-CHjz 80.5 %
79 H H H H H 2 -CH(CH), -CH(CHg), 69.4 %
7h H H H H H 3 -CH(CH), -CH(CHg), 65.4 %
7i H H H H H 2 -CH -CHs 71.5%
7j H H H H H 3 -CH -CH; 80.3 %

Characterization data of the synthesized compobgadd. P., MS (M/Z), FTIR and NMR spectroscopy
are presented in Table 2 and Table 3 respectively.

Table 2: M. P., Mass (M/Z) and FTIR spectral data & synthesized compound (7-7j)

IR Data

-OH stretching (3512 ci), aromatic C-H stretching (3095 &
aliphatic C-H stretching (2928 ¢tjy-C=C- stretching (2071 ci}), -C=0
stretching (1743 ci), symmetric -C=0O stretching (1467 @n
asymmetrical -C-O-C and --C-O stretching (1246-11%mY),
monosubstituted benzene stretching (two bands atifi?Gand 698 ci)

-OH stretching (3318 ci), aromatic C-H stretching (3096 &
aliphatic C-H stretching (2992-2845 ¢jn -C=C- stretching (2069 ct),
-C=0 stretching (1756 cf), asymmetrical -C-O-C and --C-O stretchipg

77

Comp. M.P.°C Mass (M/2)

7a 143-144.5| 386 (M+H)

b 161-162 400 (M+H)
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(1246-1133 cif), monosubstituted benzene stretching (two band3 @t
cm™ and 695 cn)

7c

157-158.5

400 (M+H)

-OH stretching (3514 ctl), -NH stretching (3317 ci), aromatic C-H
stretching (3096 ci), aliphatic C-H stretching (2992-2845 ¢jn-C=C-
stretching (2070 ci), -C=0 stretching (1745 cf), asymmetrical -C-O

C and --C-O stretching (1273-1161 Yn monosubstituted benzene

stretching (two bands at (770 ¢mand 695 cr), mata substitute
benzene stretching (two bands at704'@nd 781 cri)

)

7d

177-178.6

413
M)

-OH stretching (3510 ci), aromatic C-H stretching (3095 &
aliphatic C-H stretching (2991-2859 ¢jn -C=C- stretching (2071 ct),
-C=0 stretching (1744 cf), symmetric -C=0 stretching (1467 ¢n
asymmetrical -C-O-C and --C-O stretching (1246-11621Y),
monosubstituted benzene stretching (two bands Gic#* and 697 cm
!y, mata disubstituted benzene stretching(bandsat68and 809crit)

Te

121-123

386 (M+H)

-OH stretching (3316 ci), aromatic C-H stretching (3096 &

aliphatic C-H stretching (2992-2861 ¢jn-C=C- stretching (2069 ct),

-C=0 stretching (1745 cf), asymmetrical -C-O-C and --C-O stretchi
(1274-1161 cnl), monosubstituted benzene stretching (two banfg0g
cm™ and 695 cn)

—

7f

183-184.7

414 (M+H)

-OH stretching (3510 ci), aromatic C-H stretching (3095 i
aliphatic C-H stretching (2928-2860 ¢jn-C=C- stretching (2069 ct),
-C=0 stretching (1743 ¢, symmetric -C=0 stretching (1464 ¢n
asymmetrical -C-O-C and --C-O stretching (1246-114M"),
monosubstituted benzene stretching (two bands Rt#* and 703 cm

)

79

191-193

414 (M+H)

-OH stretching (3316 cm), aromatic C-H stretching (3096 &

aliphatic C-H stretching (2992-2861&n -C=C- stretching (2142 ct),

-C=0 stretching (1746 cf), asymmetrical -C-O-C and --C-O stretchi
(1274-1161 cnl), monosubstituted benzene stretching (two bands @t
cm™ and 695 cn)

7h

173-175

427
M)

-OH stretching (3316 ci), aromatic C-H stretching (3096 ¢

aliphatic C-H stretching (2992-2861&n -C=C- stretching (2070 ct),

-C=0 stretching (1744 ci), asymmetrical -C-O-C and --C-O stretchi
(1274-1161 cnl), monosubstituted benzene stretching (two bands @t
cm™ and 695 cn)

7i

163-165.3

358 (M+H)

-OH stretching (3512 ci), aromatic C-H stretching (3095 &
aliphatic C-H stretching (2928 ¢tjy-C=C- stretching (2071 ci}), -C=0
stretching (1743 ci), symmetric -C=0O stretching (1467 @n
asymmetrical -C-O-C and --C-O stretching (1246-11%mY),
monosubstituted benzene stretching (two bands ati#i?0and 698 cri)

7]

153-153.4

372 (M+H)

- OH stretching (3317 cn), aromatic C-H stretching (3095 &
aliphatic C-H stretching (2992-2860&)n -C=C- stretching (2069 ct),
-C=0 stretching (1744 cf), asymmetrical -C-O-C and --C-O stretchi
(1274-1161 cnl), monosubstituted benzene stretching (two bandg @i

cm™* and 695 cn)

Table 3:*H NMR spectral data of synthesized compound (7-7j)

Comp.

'"H NMR ()

Chemical Shift 0, 1.12-0.90 ppm (m, 6H, -gH1.41-1.37 ppm (m, 6H, -Cbff cyclohexyl),1.57-1.48
(m, 4H, -CH of cyclohexyl),1.75-1.71 (m, 1H, -CH ofclohexyl), 3.05-2.51 (q, 4H, -GH 3.36 (s, 2H,
-CH,), 4.88 (s, 2H, -ChH), 5.78 (s, 1H, -OH), 7.38-7.24 (m, 3H, CH-Ar), 7-8.55 (m, 2H, CH-Ar)

7a

Chemical Shift 8, 0.98-1.20 ppm (t, 6H, -§HL1.32-1.43 (m, 2H, -CH of cyclohexyl), 1.44-1.68, 8H,
-CH of cycloxexyl), 2.10-2.00 (m, 1H, -Céf cyclohexyl), 2.18-2.12 (t, 2H, -G} 2.31-2.25 (t, 2H, A
CH,), 2.60-2.48 (q, 4H, -C}), 3.05 (s, 2H, -ChH), 4.77 (s, 2H, -Ch), 5.52 (bs, 1H, -OH), 7.35-7.40 (

A
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3H, CH-Ar), 7.73-7.52 (m, 2H, CH-Ar)

b

Chemical Shift 6,1.24-1.10 ppm (t, 6H, -gH1.36-1.32 (m, 2H, -CH of cyclohexyl), 1.56-1.¢486, 8H,
-CH of cycloxexyl), 1.68-1.73 (m, 4H, -GH 2.02-2.00 (m, 1H, -Cidf cyclohexyl), 2.50 (s, 2H, -CH)

Ar), 7.65-7.55 (m, 2H, CH-Ar)

7c

Chemical Shift ,1.24-1.19 ppm (t, 6H, -€JH.40-1.36 ppm (m, 2H, -Cbf cyclohexyl), 1.56-1.47 (m),
6H, -CH of cyclohexyl),1.66-1.80 ppm (m, 2H, -Céf cyclohexyl), 2.00-1.90 (m, 1H, -Cldf
cyclohexyl), 2.32-2.31 (t, 2H, -G 2.55-2.45 (t, 2H, -C}), 2.70 (s, 3H, -CktAr), 2.90-2.75 (m, 4H, 1
CH,), 4.10 (s, 2H, -CH), 4.87 (s, 2H, -Ch), 5.90 (s, 1H, -OH), 7.37-7.23 (m, 3H, CH-Ar), 6-8.54 (t,
1H, CH-Ar)

7d

Chemical Shift 8, 0.95-1.10 ppm (t, 6H, -§H1.36-1.23 ppm (m, 2H, -CBif cyclohexyl), 1.36-1.51
(m, 8H, -CH of cyclohexyl), 1.90-1.95 (m, 1H, -CiHaycloxexyl), 2.17-2.10 (t, 2H, -CHl 1.19-2.27 (t,
2H, -CH,), 2.39 (s, 6H, -CktAr), 2.45-2.57 (g, 4H, -Ch), 3.10 (s, 2H, -Ch), 4.73 (s, 2H, -Ch), 5.85
(bs,1H, -OH), 6.83-6.95 (m, 3H, -CH-Ar),

7e

Chemical Shift 8, 1.05 (s, 12H, -GH 1.19 (s, 2H, -CH of cycloxexyl), 1.40-1.61 (mH,8-CH of
cyclohexyl), 2.35-2.12 (m, 1H, -CH of cycloxexy®,00-2.91 (m, 2H, -CH), 3.15 (s, 2H, -@H4.71 (s,
2H, -CH,), 6.75 (bs, 1H, -OH), 7.40-7.18 (bd, 5H, CH-Ar)

7f

Chemical Shift 8, 0.96 ppm (s, 6H, -@H1.25 (s, 2H, -CH of cycloxexyl), 1.36-1.70 (n6H, -CH of
cyclohexyl, CH), 2.38-2.21 (m, 4H, -C}J, 2.55-2.38 (m, 1H, -Cldf cyclohexyl), 3.05 (s, 2H, -CH
4.73 (s, 2H, -Ch), 6.81 (bs 1H, -OH), 7.30-7.21 (m, 4H, CH-Ar), 7-8.22 (m, 1H, CH-Ar)

79

Chemical Shift 6,1.08 (s, 12H, -GHl1.24-1.22 (m, 2H, -CH of cycloxexyl),1.31-1.49,(8H, -CHof
cyclohexyl),1.90 (s, 1H, -CH of cycloxexyl), 2.13tD (t, 2H, -CH), 2.45-2.30 (t, 2H, -C}J, 3.01-2.90
(m, 2H, -CH), 3.10 (s, 2H, -CH 4.72 (s, 2H, -Ch), 5.90 (s, 1H, -OH), 7.40-7.37 (m, 3H, CH-A
7.62-7.57 (t, 2H, CH-Ar)

7h

Chemical Shift 8, 1.15-1.00 (d, 12H, -@H1.16-1.26 (m, 2H, -CH of cycloxexyl), 1.42-1.68, 2H, -
CH of cycloxexyl), 1.60-1.89 (m, 7H, -GH-CH of cyclohexyl), 2.31-2.25 (t, 2H, -G 2.97 (s, 2H, -
CH), 3.10 (s, 2H, -Ch), 4.75 (s, 2H,-Ch), 6.91 (bs, 1H, -OH), 7.50-7.25 (m, 3H, CH-Ar)7Z-7.51
(m, 2H, CH-Ar)

7i

Chemical Shift o, 1.27-0.90 ppm (m, 2H, -Céf cyclohexyl), 1.45-1.27 (m, 8H, -CH ¢
cycloxexyl),1.90-1.80 (m, 1H, -CH of cyclohexyl),0® (s, 6H, -CH), 2.30-2.12 (m, 2H, -C}), 2.45-
2.40 (t, 2H, --CH), 3.05 (s, 2H, -Ch), 4.77 (s, 2H, -CH), 5.50 (s, 1H, -OH), 7.29-7.26 (m, 2H, CH-A
7.38-7.29 (m, 2H, -CH-Ar), 7.67-7.65 (m, 1H, CH-Ar)

7

Chemical Shift 8, 1.24-1.10 (m, 3H, -CH of cyclokigx1.50-1.25 (m, 7H, -CH of cycloxexyl), 1.54

CH,), 3.05 (s, 2H, -Ch), 4.71 (s, 2H, -Ch), 6.81 (bs, 1H, -OH), 7.41-7.22 (m, 3H, -CH-A)6T-7.72

3.02-2.80 (q, 4H, -CH), 4.15 (s, 2H, -Ch), 4.90 (s, 2H, -Ch), 5.89 (s, 1H, -OH), 7.25-7.34 (d, 3H, CH-

1.75 (m, 4H, -CH), 1.93-1.82 (m, 1H, -CH of cyclohexyl), 2.30-2.@02H, -CH), 2.27 ppm (s, 6H, t

(m, 2H, -CH-Ar)

Anti-spasmodic activity

Table 4: Test results of anti-spasmodic activity othe synthesized compounds

~—

>
1

Compound % Relaxation at various concentrations (UM 500uL)
150 100 50 10

Papaverine 68.46 + 3.49 43,90 +2.72 26.70 £ 0.32 .80 # 0.27
7 85.46 + 3.25 65.29 + 2.15 44.86 + 3.90 19.89181.
7a 80.35+1.35 61.12 +1.55 39.36 + 2.33 15.67450
7b 79.26 + 2.05 60.44 +1.87 38.76 £2.42 14.89161
7c 77.36+1.75 58.35 + 2.15 38.58 + 2.32 14.79280
7d 75.11+2.75 56.15 +1.33 37.27 £1.78 13.51191
7e 65.73 +1.89 40.52 £2.75 24.83 +0.64 6.5124 0.
7f 67.59 + 1.39 42,12 £1.13 25.10 £+ 0.23 6.95840.
79 60.29 + 2.39 52.92 +2.12 31.70 £ 0.58 10.71340
7h 59.18 £ 1.29 50.22 £1.14 28.40 £1.23 09.41241
7i 86.51+2.19 65.12 +1.32 45.70 £ 0.18 20.36200
7j 86.39 + 1.57 66.22 +1.57 45.39 + 0.38 21.71540
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Pharmacology

Anti-spasmodic activity testing was performed udmeglthy Wistar rats of average weight 300-500 g of
either sex. The results compared with lead compamtPapaverine as standard drug. Compounds were
tested for their acetylcholine antagonistic propen frog rectus abdominal muscle preparation nuetho
and test results were compared with lead compoaddDécyclomine as reference standard. Samples of
reference standards were obtained from “Biocon taiodies”, Bangalore, India.

Structure-activity relationship

The results of antispasmodic activity described@able 4, indicated that compounds “7a” and “7b” rehe
an ethyl and propyl linker is incorporated prior darbonyl carbon, (n = 2 and 3 respectively) have
exhibited slightly reduced antispasmodic activigmpare to the lead compound “7”. The activity is
further reduced with placement of electron donatifiyl groups on the phenyl ring as in the compound
“7c” and “7d”. While potency of these compoundddsered compare to the lead molecule “77, it is
found higher than reference standard Papaverine.

Replacing diethyl amine with diisopropyl amine afibutyl amine in the synthesis of intermediate, 4-
diethylamino-2-butynyl acetate provided respectin@dification in compounds “7e” and “7f".
Introduction of these groups on amino nitrogen sftbwo benefits over antispasmodic potency. These
compounds exhibited extremely low antispasmodidviigtcompare to lead molecule but surprisingly
equipotent to reference standard Papaverine. Timpaonds “7g’ and “7h” with two isopropyl groups on
amino nitrogen and respective linker (n=2 and )piporated have also shown diminished activity
compare to lead compound and reference standarav®ape. Results indicated that replacing ethyl
groups on amino nitrogen with higher alkanes redheeantispasmodic potency and incorporation of
linker (n=2 or 3) provides no benefit either. Thdser compounds “7e”, “7f", “7g” and “7h” can be
claimed inactive and are not recommended for fursitedies. It's interesting that compounds “7i” and
“7i” where two ethyl are replaced with two methylt amino nitrogen and with respective linker (n= 2
and 3) incorporated have exhibited excellent aaispdic activity higher than lead compound “7” and
can be claimed as promising candidates. The resulisin line with our earlier conclusion on
compounds“7e”, “7f", “7g’ and “7h” that replacingvd ethyl groups with higher alkanes diminish the
potency while with lower alkanes led compounds potandidates.

Anticholinergic potency

Structure-activity relationship

Results of anti-cholinergic activity presented iable 5, indicated that the compound “7a” where lethy
linker is incorporated prior to carbonyl carbon %£n2) has shown enhanced anti-cholinergic activity
compared to lead compound and reference compouwytloinine and can be claimed as promising
candidate. Surprisingly the anti-cholinergic poteigcreduced with propyl linker (n = 3) incorporatias

in compound “7b". Similar reduction in activity sbserved in compound “7¢” with aromatic proton
substitution by electron donating alkyl group oa ghenyl ring (C-R2). The potency is further deseeh

in compound “7d” with two alkyl group substitutiona C-R1 and C-R2. But interestingly potency of all
these compounds was well comparable with referstazelard Dicyclomine. In compound “7e” and “7f”,
two ethyl groups on amino nitrogen are replacech wito isopropyl and butyl groups respectively.
Respective modifications in these compounds hawvenihed their anti-cholinergic potency against the
lead molecule and reference standard dicyclomineeyTcan be claimed as inactive and are not
recommended for further work. Interesting fact aemcy is improved when similar substitutions on
amino nitrogen with ethyl or propyl linker incorpion (h=2 and 3) as in compound “7g’ and “7h”.
These compounds have exhibited anti-cholinergienmt equivalent to reference standard Dicyclomine
while slightly lower than lead compound.
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In the series of novel analogs, an excellent dgtinésults were obtained in compounds “7i” and “7j”
where two ethyl groups on amino nitrogen are regalawith two methyl groups along with respective
linker introduced prior to carbonyl carbon (n = 8da3 respectively). Both these compounds have
exhibited anti-cholinergic activity much higher thahe lead compound and reference standard
Dicyclomine and can be claimed as promising cand&ldl he recovery period of these compounds was
observed to be also higher compare to standardstied analogs. Results of anti-cholinergic adfivit
indicated similar facts of structure-activity rédaiship as stated earlier for antispasmodic potenidye
structural modifications like different substitui® on amino nitrogen and incorporation of appraeria
linker prior to carbonyl carbon has pronouncedaféa anti-cholinergic potency. In conclusion moft
the newly designed analogs of lead molecule wittioua structural modifications have exhibited highe

or equivalent anti-cholinergic activity againstarefnce standard Dicyclomine and lead molecule.

Table 5: Test results of anti-cholinergic activityof the synthesized compounds

Compound Conc. % Inhibition Compound Conc. % Inhibition
pg/l 0 mi pg/l 0 mi
Dicyclomine 1 31.2 (10) 1 25.2 (05)
(Reff. Std.) 2 41.1 (10) . 2 36.5 (05)
e
10 52.9 (30) 10 47.7 (10)
7 1 34.5 (10) 1 22.2 (05)
(Lead 2 43.6 (10) 7f 2 32.5 (05)
Comp.) 10 54.7 (30) 10 43.7 (10)
7a 1 35.2 (10) 1 32.2 (10)
2 46.5 (10) 79 2 43.7 (10)
10 57.7 (>30) 10 53.4 (30)
7b 1 30.2 (10) 1 30.2 (10)
2 39.8 (10) 7h 2 39.8 (10)
10 50.8 (30) 10 50.8 (30)
7c 1 31.9 (10) 1 39.1 (15)
2 41.5 (10) 7i 2 64.5 (20)
10 52.7 (>30) 10 85.7 (>50)
7d 1 30.2 (10) 1 41.9 (15)
2 38.5 (10) 7j 2 70.5 (30)
10 50.7 (30) 10 94.7 (>50)
Note:

» The values in parenthesis denote recovery periodginintes.

Sedative activity
The four compounds viz. “7a”, “7b”, “7g”, “7h”; wit n=2 or 3 were found to be statistically signifita

against standard Thiopental sodium at P<0.05 byyeqgp Scheffe’s Post Hoc method at 100 mg/kg
(Table 6). The lead compound “7” and its analogs”“@nd “7f’ were not significant where n=0. This
indicated structural effect of presence of linkeeZ or 3) prior to carbonyl carbon in the molecular
framework. Results obtained for compound “7i” dAd are contradicting this fact and can be correth

to replacement of two ethyl groups by lower alk@lso the compounds “7¢” and “7d” with methyl and
dimethyl substitution on phenyl ring were not sfigint in-spite of presence of ethyl linker where2n
which is correlated to substitutions on phenyl ring
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Table 6: Sedative Activity of the Synthesized Compmds (7, 7-7j)

Compound Mean Sleeping Time min £ S.E Compound Mean SleepélnEg Time min £
Control - 7d 13.26 + 0.65
Te 12.25 +£0.37
Thigancerd 13.16 + 1.66

'opental sodium 7f 12.05 +0.65

7 11.36 £+ 0.76 79 21.10+0.66
7a 22.10 +0.55 7h 21.53£0.57
7b 21.33 £0.37 7i 11.45+0.61

7c 10.36 £ 0.76 7j 13.10£0.43

Antibacterial Activity
From Table 7, it is clearly evident that the compuabsi are active against the bacterial stains. Among
eleven compounds (7-7j), the compounds “7”, “7ildidj” has activity comparable to that of reference

standard Penicillin.

Table 7: Test results of Antibacterial Activity of the Compounds (7-7j)

Microorganisms
Test Gram-positive Gram-negative
Comp. B. B. S. P. K. C.
subtilis sphaericus aureus aeruginosa aerogenes violaceum
Penicillin 28 26 22 20 15 15
7 25 25 15 18 12 13
7a 14 15 10 10 09 07
7b 16 14 06 06 04 07
7c 19 17 11 11 09 08
7d 20 16 10 12 10 08
Te 13 12 07 05 04 05
7f 12 13 06 07 05 04
79 11 11 05 08 05 07
7h 13 17 04 09 08 09
7i 26 18 10 12 12 09
7j 24 22 14 16 10 11

The compounds “7a” and “7b” exhibited reduced atdtbrial potential than the lead compound “7”,
where respective linker is introduced in the suitadtframework prior to carbonyl carbon with n=23r
The activity is slightly enhanced with introductiof methyl and dimethyl group on phenyl ring as in
compounds “7¢” and “7d” with n=2. Similarly redut@otency was shown by compounds 7g and 7h
where diethyl amine is replaced with di-isopropgliae. Similar results were observed in compounds
“7e” and “7f" where two ethyl groups are replaceithvisopropyl and butyl respectively which has show
extremely low antibacterial potential. The datai¢ated that in compounds “7i” and “7j” with methyl
replacements against ethyl on amino nitrogen and2nand 3 respectively has shown promising
antibacterial activity which is correlated to prese of lower alkyl on amino nitrogen.
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Antifungal Activity

Table 8: Test results of Antifungal Activity of conmpounds (7-7j)

Compound Zone of inhibition in mm
A. C. R. F. C.
niger tropicum oryzae moniliforme lunata
Clotrimazole

(Reference Standard) 26 29 23 21 28
7 24 26 21 24 25
7a 19 18 19 17 17
7b 18 16 19 16 18
7c 17 17 18 16 17
7d 17 19 17 16 15
7e 12 13 12 12 10
7f 13 12 15 11 10
79 10 09 10 08 09
7h 10 07 09 06 08
7i 23 26 23 22 27
7j 25 25 22 24 21

None of the compounds tested have exhibited MICentban that of the reference standard Penicillin.
The data presented in Table 8 indicated that thmepoonds “7a”, “7b”, “7c” and “7d” have shown
moderate activity (<20), whereas compounds “7"; ‘&id “7j” exhibited an excellent antifungal actiyi
(21-27) close to reference standard Clotrimazol@-22) and can be exploited for formulation of
fungicide. The compounds “7e” and “7f" with respeetstructural substitutions have shown reduced
antifungal activity €13) and similar results are observed for compoufigs and “7h” that can be
claimed as inactive (<15).

It is evident from the test results that incorpm@tinker prior to carbonyl carbon and replaciagtethyl
groups on nitrogen with higher alkanes in the $tmad framework of lead compound, led to diminished
antifungal potential of respective compounds exdaptompounds “7i” and “7j” with lower alkyl
substitution on amino nitrogen that has given psimgi potency. Similar results are observed during
antibacterial testing.

In conclusion, the tested novel compounds have rateléo excellent activity towards bacteria andyfun
stains under investigation. The lead compound ‘@ analogs “7i" and “7j” can be exploited for
evaluating their formulation potential as bactelatiand fungicide.

CONCLUSION

The compound “7a” has exhibited excellent anti-cteshic activity but no promising results of

antispasmodic potency. Within the limits of ourdstudescribed in this paper, compounds “7i” and “7j”
are claimed as most potent and promising candidaittsdesired anti-spasmodic and anti-cholinergic
potency and are recommended.

In evaluation of sedative activity compounds “7&b", “7g” and “7h” have demonstrated significant
sedative activity and are recommended for furthetnited evaluation. Testing of antibacterial atyivi
indicated that the compounds, “7”, “7i" and “7j"@ked promising results and can be evaluated further
for next phase studies. In evaluation of antifungefivity the compounds “7”, “7i" and “7]” were
promising candidates and can be further exploibedarmulations.
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