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ABSTRACT

This study aimed at evaluating the Sedative activity of structurally diverse derivatives of lead compound 8-chloro-
11-(4-fluorophenyl)-6,11-dihydro-5H-benzo[ 5,6] cyclohepta[ 1,2-b] pyridin-11-ol; synthesized via straightforward
and efficient synthetic process. The structures of the compounds were characterized by spectral data (IR and 1H-
NMR). The work was extended to study the potential role of the novel derivatives as anti-Parkinson agents.

Keywords: Antidepressant, sedative, anti-Parkinson.

INTRODUCTION

The heterocyclic antidepressants are the mainstagtaepressant treatment and the developmen¢wfgynthetic
heterocyclic compounds as antidepressant, sedatianalgesic agents has progressed considerabhgdhe past
decade. [1-3] In the scope of a research programediat the development of new alternatives to meatological
disorders [4-6] in the present study, evaluatiosgétemic antidepressant and sedative activity ef bwly
synthesized analogs of lead compound 8-chloro-#l@tophenyl)-6,11-dihydro-5H-benzo[5,6]cyclohefit2-b]

pyridin-11-ol; was investigated in comparison withipramine. The present paper describes the syistlads
structurally diverse analogs of lead compound araduation of antidepressant and sedative propeitieerms of
reserpine antagonism, of these compounds.Whilesitrg derivatives for antidepressant activity, #sawound that
certain derivatives antagonized reserpineinducéglagsy in mice, indicating potential anti-Parkinsactivity. The
anti-Parkinson properties of these derivativesdetermined by reversal of reserpineinduced catglgfjsin rats,

are also described. All compounds showed signifieeridepressant,sedative and anti-Parkinson desvat two
doses (50 or 100 mg/kg). The compounds namely A&, dnd 10b showed even better antidepressantj\seedad
anti-Parkinson activities which exceed that of plagent reference. Based on the results a defitritetare-activity
relationship (ASR) is established and discussed.

MATERIALS AND METHODS

Chemistry: Our target compounds are structurally diverse aysatif lead compound 8-chloro-11-(4-fluorophenyl)-
6,11-dihydro-$5-benzo[5,6]cyclohepta[1,2-b]pyridin-11-ol (10a-1@e)in Table 1, were prepared using the process
described in Scheme 1.Melting points (M. P.) wetsrmined using a Thomas Hoover capillary apparat are
uncorrected (Table 2).Infrared spectral data waglieed using Perkin Elmer FTIR (Table 2). A Brukdf0 MHz
spectrophotometer was used to acquire 1H-NMR spedtitoroform-d and DMSO-d6 were used as solverable
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3). All chemicals and laboratory grade (LR) reagemere obtained from Rankem (India) and were usitout
further purification.

Scheme 1: Synthetic route for the preparation of Led Compound (10) and its derivatives (10a-10e)
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Detailed synthetic process
Standard procedure for the preparation of 3-Chlorokenzylcyanide. (2)
3-Chlorobenzyl chloride (1) 100g is reacted witklisen cyanide (39 g) in a biphasic mixture of wg@00 ml) and
toluene (100 ml) in presence of tetrabutyl ammonbromide under refluxing. Reaction mass is washedoughly
with water to remove any sodium cyanide contently. @oduct obtained after recovery of toluene.

Standard procedure for the preparation of 3-pyridyl-3-chlorobenzyl ketone. (4)

3-chlorobenzyl cyanide (100g) as oil is added §jde a mixture of sodium methoxide (58g) and ethigotinate

(3) 110g in toluene (100ml) at 65°1D. The reaction mixture is stirred at the samepenakure for 5 hrs. Reaction
mass is cooled to room temperature and produch&te in water. Aqueous solution of product is pdetl as such
for the preparation of 3-pyridyl-3-chlorobenzyl &me. Aqueous solution af-cyanof-hydroxy{$-(3-pyridyl)-3-
chlorostyrene sodium is cooled to 9E5 and sulfuric acid is slowly added at <°60 Reaction mass is heated to
120-125°C and stirring is continued for reaction completidteaction mass is quenched in water followed by
basification to get crystallization mass filteraslavashed with water to obtained solid with meltgoint 66C[8]
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Standard procedure for preparation of 3-(3- Chloroghenethyl) pyridine. (5)

3-pyridyl-3-chlorobenzyl ketone is reacted with hgzine hydrate (45g) and sodium hydroxide (10iBgthylene
glycol at 140-145°C. Reaction mass after cooling and dilution withtevais extracted with dichloromethane.
Dichloromethane layer is washed with water andlidtto give title compound as oil

Standard procedure for preparation of 2-Cyano-3-(3-Chlorophenethyl) pyridine. (6)

3-(3- Chlorophenethyl) pyridine (30g) is heatedhadtetic acid (25g) and 40% hydrogen peroxide (406p-70C
for 15-18 hrs.The reaction mixture is basified wddustic solution to pH 8-10 . 3-(3- Chlorophenétpyridine-N-
oxide (30g) obtained is reacted with N, N-dimetbgtbamoyl (29.8g) in Acetonitrile (60g) at 140-&for 3 hrs
followed by reaction with aqueous sodium cyanidégdn 60 ml water) at -5 t°G for 5 hrs. Caustic solution (6g
in 90ml water) is added to the reaction mixture stiigled for 2 hrs. Organic layer is separated eraporated to get
crude 2-Cyano-3-(3- Chlorophenethyl) pyridine feled by purification in methanol to get title compouwith
yield of 74% with melting point 7Z [9]

Standard procedure for preparation of 3-(3- Chloroghenethyl) picolinic acid. (7)

2-Cyano-3-(3- Chlorophenethyl) pyridine (20.8ghisated with conc.sulfuric acid (31g) and water ifily at 120-
122°C for 12 hrs.Reaction mixture is cooled to°@and poured to cold water(165ml) . Adjust the dHeaction
mixture to 3 to 3.5 using 20% sodium hydroxide soluto obtain titte compound with a yield of 213 %).

Standard procedure for preparation of 8-chloro-5H-tenzo [5, 6] cyclohepta [1, 2-b] pyridine-11 (6H)-a® (8)
75 g of 3-(3- Chlorophenethyl) picolinic acid hydhoride are suspended in 300ml of thionylchlofTdhe reaction
mass is stirred at 40-500C.After evaporation of@keess of thionylchloride 79.5g of carboxylic actdoride are
obtained. To the carboxylic acid chloride addeddi¢hloromethane and 70g of AICI3 and the mixtwwetirred at
0-50C.After acidification with diluted HCI the aques phase is separated and re-basified with 30%HNE@
product is extracted with toluene and re-crystedliffom diisopropyl ether gives 39.5g (65%) of &epeellow solid
with melting point 92C.

Standard procedure for preparation of 8-chloro-11-@-fluorophenyl)-6, 11-dihydro-5H-benzo [5, 6]
cyclohepta [1, 2-b] pyridin-11-ol and its analogs1(0)

To a cool solution of 8-chloro-5H-benzo [5, 6] mfekpta [1, 2-b] pyridine-11 (6H)-one in THF was edd..2 M
solution of 4-fluoro phenyl magnesium chloride (9he reaction temperature increase gradually toiemb
temperature. Mass is stirred at ambient temperdarr80 minutes and then reaction was quenched WA CI
solution. The reaction mixture was extracted withyk acetate and washed once with brine. The stlves
removed under vacuum to give a crude product. THuelec product was recrystallized from ethylacetatd a
diisopropyl ether (80:20) to give the compound ethBoro-11(4-fluorophenyl)-6, 11-dihydro-5H-benzb, [6]
cyclohepta [1, 2-b] pyridine-11-ol with melting mbil41 - 143°C

Pharmacology

For Testing Sedative and Antidepressant activity

Animals

Swiss albino mice of sex, weighing 20-25 g (bodyght), aged 6 to 8 weeks, were used for antidepreésand
sedative tests. The anti-Parkinson test of revexfsedserpine-induced catalepsy was carried outgusiale Wistar
rats weighing 148-250 g. Animals were maintaineearna 12/ 12 h light/dark cycle at 20-°Z8and fed with
standard laboratory diet and water ad libitum. Equaups of six mice per group were used in allezipents. All
animal procedures were performed after approvainfithe “Ethics Committee” and in accordance with the
recommendations for the proper care and use ofdétny animals.

Preparation of test samples:

All tested compounds and Imipramine in 50 or 100kg@oncentration were dissolved using a few diafpBween

80 and further dilutions were done using salingdgbthe necessary doses. [10, 11] The vehicleisnl{Tween 80

in saline) was used as negative control, and Imipra (15 mg/kg) was used as a reference drug in the
antidepressant screening. All tested samples wees gntraperitoneally (i.p.). The control-groupimals received

the same experimental handling as those of thegtesps except for the drug treatment.
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Screening for antidepressant activity:

The effects of the tested compounds at two doeer(300 mg/kg,administered i.p. in Swiss albin@enjof either
sex) as antidepressants were studied using Psrdolitedswimming test in comparison using the dlicy
antidepressant drug, imipramine (15 mg/kg, i.p.pagference drug. Porsolt's forced-swimming teshemouse
was placed individually in a glass cylinder (diaeret2 cm, height 24 cm) filled with water at a Higf 12 cm; the
water temperature was maintained at 22—380C. Theahnwas forced to swim and after being in the wéte 5
min, they were removed and allowed to dry for 1% i a heated container before being returned ¢o tiome
cages. They were placed in the cylinders 24 h,latat the total duration of immobility was measudedng a five-
minute test. An animal was judged to be immobilendver it remained passively floating in the watea slightly
hunched but upright position, its head just abénesurface. The floating time, which was the measfidespairll
was recorded 60 min after treatment with eachdastpound, saline, or imipramine (15 mg/kg, i.pheTesults are
recorded in Table 4.

Screening for sedative effect:

The effects of the tested compounds at two dos@®1(300 mg/kg, i.p.) as sedative agents were studompared
with the salinetreated group of mice. Spontaneagsrhotor activity and exploratory movements in mcas
measured in the commercially available motor-afstimpparatus. The investigated compounds weretagdam. at a
dose 50 or 100 mg/kg. Thirty minutes after the gtign, mice were placed in the activity monitor,vilich the
activity was monitored for 30 min. The results sxeorded in Table 5.

Statistical Analyses:

Data are expressed as mean + S.E. Differences &etvehicle control and treatment groups were tassaty one-
way ANOVA followed by multiple comparisons by thaibcan's multiple comparison test. A probabilityuealess
than 0.05 was considered statistically significant.

Screening of Anti-Parkinson activity (Reserpine- Inluced Catalepy)
The rats (female Wistar), weighing 180-200 g, wiajected subcutaneously with 5 mg/kg of reserpinkuton 15
on the evening prior to the test. Later (17 hrytivere tested for catalepsy using the followinghods. 8

I) One hind leg was placed on a 3-cm high cork.
II) One hind leg was placed on a 9-cm high cork.
[ll) Rats were placed with their feet on parallart
IV) Rats were placed with their feet on a vertigat (318 in. mesh).

The rats were considered cataleptic if no moverneatirred within about 20 sec and each rat was givetore of 2
on each test. If a rat moved immediately after pgitaced on an object, as mentioned above, but @@ined
immobile, a score of 1 was given. Rats showinggh lidegree of catalepsy (score 7 or 8) were syt gnoups of
four and each group dosed orally with the compoundisg a dose volume of 1 ml per rat. The ratsewetested
for catalepsy at intervals over the following 5.6 he degree of reversal of the catalepsy induogdhe
compounds was assessed from the time course afataéepsy over the 5.5 hr period. Rasagiline drag also
tested in a similar manner for comparative purpogks results are recorded in Table 6.

RESULTS AND DISCUSSION

Chemistry

As stated earlier the target compounds are striltyudiverse derivatives of lead compound 8-chltie{4-

fluorophenyl)-6,11-dihydro48-benzo[5,6]cyclohepta[l,2-b]pyridin-11-ol (6a-6k) dsted in Table 1, were
prepared using the process described in Schembelsffuctures of the compounds were characterigespéctral

data (MP, IR and 1H-NMR) and results are preseimdable 2 and 3.
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Table 1: Structurally diverse novel analogs of lead/iolecule synthesized for study

Lead Compound “10”

Analogs of Lead Compound with respective structuramodifications

Compounds R R, R3 R4 Rs Re R, Rsg R’ R
10 HI H| H| H] H| H| H| H| OH| @HF
10a H| H| H| H| H| H| H| H| OH| @HO
10b H|] H| H| H| H| H| H| H| OH| eHy
10c H H H H H H H| H| OH GHy
10d H| H| H| H| H| H| H| H| OH| GHs
10e H| H| H| H| H| H| H| H| OH| gHN

Table 2: Melting Range and IR spectral data of Syrtesized Compound (10-10e)

Melting
Product Point °C IR
10 141 - 143°C | 3256.87 crit (O-H stretching), 3067.92 c¢hn(aromatic C-H stretching), 2949.94 ¢rfaliphatic C-H stretching)
1597.74-1455.70 cth(aromatic region), 1221.65 ¢m (C-F stretching), 839.61 ¢m (C-Cl stretching)
10a 162-16% | 3342.05 crit (O-H stretching), 2965.21 ¢n(aromatic C-H stretching), 2933.29 ‘Crtaliphatic C-H stretching)
1578.47-1458.70 ci(aromatic region), 1134.05 ¢m (C-O stretching), 838.20 ¢n (C-Cl stretching)
10b 135.138c | 3345.76 crit (O-H stretching), 2965.05 ¢n(aromatic C-H stretching), 2933.12 '&r(aliphatic_C—H stretching)
1578.4¢1453.2. crr” (aromatic region), 1364..cm™ (C-N stretching), 838.1cm™ (C-Cl stretcling)
10c 146-140 | 3256.87 cnt (O-H stretching), 2979.69 ¢h(aromatic C-H stretching), 2868.71 ¢nfaliphatic C-H stretching)
1557.46-1450.95 cih(aromatic region), 1137.70 ¢m (C-N stretching), 856.61 ¢ (C-Cl stretching)
10d 126.108c | 3307.90 crit (O-H stretching), 3078.33 ¢n(aromatic C-H stretching), 2957.22 Crtaliphatic C-H stretching)
1542.16-1450.19 cth(aromatic region), 849.06 ¢m (C-Cl stretching)
10e 115.117 | 3320 cnt (O-H stretching), 3068 ci(aromatic C-H stretching), 2945 @énaliphatic C-H stretching), 1597
1455cm (aromatic region), 837 ¢ (C-Cl stretching)
Table 3: 1H NMR spectral data of Synthesized Compad (10-10e)
Product "HNMR
10 | 29(maH-CH2-CH2"), 345 (5, TH-OH), 6.7 (L1HH, 7.17.3 (mAH,-AH) 7.6 (d-d, 2H,-ArH), 7.8,H,-ArH), 8.1(d,1H-
ArH) and 8.4 (d,1H,- ArH) .
10a | 28 (maH-CH2-CH2"), 3.6 (5.1H,~OH) 39 (5,3H~Okbm anisole), 6.7-7.0 (m3H,-ATH), 7.2 (d4H,-ARH7.7 (s,1H,-ATH),
7.8(d,1H,- ArH)8.6(d,1H,- ArH).
2.4(s,3H, methyl substitution on phenyl ),2.8 (m4HH2-CH2-), 3.9 (s,1H,—OH), 6.6 (m,1H,-ArH), 7.12H,- ArH) 7.4(d,4H,-
10b | ArH), 7.7 (s,1H,-ArH), 7.9(d,1H,- ArHB.8(d,1H,- ArH)
2.8 (m,4H,-CH2-CH2-),3.3(s,6H, methyl attached iteogen ), 3.7 (s,1H,—-OH), 6.5 (d,2H,-ArH), 6.9(H,1 ArH), 7.2(d,2H,- ArH),
10c | 7.5(d,2H,- ArH), 7.7 (s,1H,-ArH), 7.9(d,1H,- ArH)B.9(d,1H,- ArH)
1od | 09 (d6H-CH3-),1.7(m,1H,-CH)2.1(d,2H,-CH2), 2(@04H,-CH2-CH2),3.7 (s, 1H-OH)6.8 (m,IH,-ArH), 7.2(s,2H,- ArH)]
7.6(s,1H,- ArH), 7.9(d,1H,- ArH),8.6(d,1H,- ArH)
10e | 0.9 (d,6H,-CH3-),2.6(m,1H,-CH), 3.0 (m,4H,-CH2-C}3:5 (s,1H,—~OH),6.8 (m,1H,-ArH), 7.2(s,2H,- ArH), 7.6(s,1H,- ArH
7.9(d,1H,- ArH),8.8(d,1H,- ArH)
PHARMACOLOGY

The antidepressant and sedative activity of theehsynthesized analogs (10a-10e) were investigatsididually.
Anti-Parkinson activity of some of the relevanteirgsting compounds was assessed using the revéreslerpine-
induced catalepsy.
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Results of Antidepressant Activity

The effects of the tested compounds as antideprssseere studied using Porsolt's forced-swimmingt fe
comparison with an antidepressant drug, imipram{h® mg/kg.) as a reference drug. 60 min after the
administration, all tested compounds displayedgaificant antidepressant effect compared with thetrol group
(Table 6).The lead compound 10 at 50 mg/kg andvative 10a at 50 mg/kg and at 100 mg/kg are egeigdb
Imipramine (15 mg/kg). Derivatives 10b and 10c @tahd at 100 mg/kg respectively were more potest tiest of
test series (10d-10e) with effect comparable tgtamine (15 mg/kg).

Table 4: Antidepressant Activity Test Results

Treatment | Dose (mg/Kg)| Duration of immobility +SEM (s)
Saline 295.35+1.21
Imipramine 15 221.00 +24.0
10 50 224.05+12.2
100 220.12+6.8
10a 50 227.15+11.0
100 225.16 +9.5
50 229.05+33.7
106 10C 239.17 + 6.
10¢ 50 230.05+ 8.6
100 227.40 +18.3
50 240.08+7.2
10d 100 239.20 +10.5
10e 50 248.40 £12.
10C 235.33+8.

Table 5: Sedative Activity Test Results

Treatment | Dose (mg/Kg) Munberccj)tfj rr;:}(;vgg ri?rﬁs *SEM % inhibition of locomotor activity
Saline 495.1+0.51
Imipramine 50 205.3+9.2 56.4
10C 188.5 + 18. 60.1
10 50 198.3 +11. 60.2
100 1655+75 69.3
10° 50 185.2 +20.1 60.0
100 175.35+7.7 62.3
10b 50 1754+ 195 63.3
10C 169.3 +£13. 65.7
10c 5C 1955+ 17. 57.¢
100 180.8 +18.8 60.0
10d 50 295.7 £16.3 46.5
100 290.4+17.6 48.7
10e 50 281.1+11.1 49.9
10C 265.8 + 20. 50.£

Table 6: Anti-parkinson Activity Test Results

Reversal of Reserpine Catalepsy Tebst
Compound No. | 20 mg/Kg po| 40 mg/Kg pg
Rasagiline ++ +++

10 ++ ++

10° + +++

10k + ++

10c + +

10d + +

10e 0 +

Results of Sedative activity

The effects of the tested compounds at two doseedetive agents were studied compared with tlieesaibated
group of mice (Table 5). All tested compounds prtla significant decrease in locomotor activityro€e during
a 30-min observation period. The sedative effedlliothe tested compounds was dose dependent. dtbatpeffect
was produced by Lead compound 10 at 100 mg/kgvieltbby 10a and 10b at both dose levels. Lead congpdQ
at 50 mg/kg dose level is equipotent to Imipran{it@ mg/kg). Compound 10c (100 mg/kg) displaye@yaiicant
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sedative effect compared with Imipramine (100 mp/Kpmpound 10b has displayed most potent effeseries of
test compounds and higher then Imipramine.

Results of Anti-Parkinson Activity

Potential anti-Parkinson activity of some of théevant interesting compounds was assessed usingteesal of
reserpine-induced catalepsy (Table 6). The resiilthe reversal of reserpine-induced catalepsyata show that
lead compound and its some of the derivatives gssaetivity which is equivalent to or better thaasRgiline. In
most of the cases, significant activity was onlgetyed in lead compound 10 and when flurobenzenepiaced
with methyl benzene (10b). When benzene ring wdsstguted in the 4- position by isopropyl group €10
compounds showed marginal potency. Compound 10domasl to be most active. Compound 10c and 10d edow
marked effect.

Structure-activity relationship

Analysis of the structure-activity relationship icates that the activity of the tested compounasnseto be linked
to the presence of functional group substitutionspbenyl ring and incorporation of various grouje lanisol,

tolyl, N,N-dimethylaniline, isobutyl and isopropiyi the structural framework of lead compound. Tampound 6a
with anisol incorporation and compound 10b witlytokplacement are the most effective than the @amgs with

isopropyl substitution. Also, the results were @onéd with sedative and anti-Parkinson activityidesf compounds
10a and 10b as they exhibited promising resulteedded by the structure of the tested compounislikely that

these compounds have a multiple mechanism-of-adiwntheir antidepressant, sedative and anti-Padkin
activities. The results verified the importancetbé& presence of functional group substitution oengh ring.

Further studies should be made to establish thehamézm-of-action with the possibility to formulate potent
antidepressant and sedative prescription

CONCLUSION

We investigated the importance of functional grsupstitutions, in the structural framework of tleenpounds for
their antidepressant, sedative and anti-Parkingdivitées. All compounds showed significant antidegsant,
sedative and anti-Parkinson activities at two dg&sor 100 mg/kg). The compounds “10”, “10a”, dlidb”
showed even better antidepressant, sedative anrBakinson activities which exceed that of thegpamreference.
Finally, the encouraging result of the antidepressaedative and anti-Parkinson activities displayy these
compounds may be of interest for further structaratifications to the lead compound and next lstetlies in the
hope of finding a new potent antidepressant, seglatmd anti-Parkinson prescription.
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