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Abstract: With the aim of developing potential antimicrobégjents, a series of triazolo / tetrazolo isoquiredi
incorporating both nitrogen and oxygen as partheftietero aromatic ring were prepared from 4-abgkoyl
isocoumarins via a number of intermediate stepmesaovel coumarinoyl derivatives of isocoumarinsenaso
synthesized starting from 4-alkyl-3-aroyl isocoumand characterized by FTIR{ NMR, Mass Spectroscopy
and elemental analysis. All the title compound$,78a,b, 10a-g were evaluated for their antibasterttivity
againstS. Aureuqas gram positive):. Coli (gram negative bacteria) and antifungal activigpiastFusarium
pallidoroseum & Chaetonium in vitrand analgesic activity which was testedvivo on mice. Most of the
compounds showed appreciable results for all treethctivities. The relationship between the fuowal group
variation and biological activity of the evaluatedmpound is discussed. The new compounds emerged as
potential molecule for further development.

Keywords. Isocoumarins; triazolo isoquinolines; tetrazologsinolines; coumarinoyl isocoumarin;
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1. Introduction

Carbon containing nitrogen ring system undoubtetiglong to the most important
heterocycles in nature as it takes part in manjobically significant reactions and are developed a
pharmacologically active compounds or drugs.

Research on a new substance possessing antimiceality has attracted considerable attention
owing to the continuous increase in the bactegaistanck Further, infection caused by various
microorganisms pose a serious challenge to theaaledbmmunity and need for an effective therapy
has led to the search for novel antimicrobial agfefthe pharmacologically important heterocycles
with nitrogen bridge derived from 1,2,4-triazoledaptrazole paved the way toward active research in
triazole-tetrazole chemistry. As a result, a varigtnew improved compounds are being added to this
field every year. A number of attempts were madenfarove the activities of the compounds varying
the substitution on the triazole and tetrazole eusl The need for safe and effective systemic
antifungal agents has intensified due to the rap@vth in the number of immuno compromised
patients.

1,2,4-Triazole moiety appears frequently in thecttire of various natural produtend the synthesis

of compounds incorporating this moiety has atthatédespread attention of chemists as well as
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biologists, mainly due to their diverse biologiaadtivities in pharmaceutical and  agrochemical
fields**’. A variety 1,2,4-tiazole derivatives possess amutieriaf® ,antifungaf, anti mycobacterid,
antiviraf, anti-inflammatory, anticonvulsarif, antidepressaflt antituberculd?, antitumoral®,
antihypertensivé, analgesit’, enzyme inhibitd?, hypoglycemi&’, sedative, hypnotic, antiparasitic,
herbicidal, insecticidal and plant growth activitieThus, several potent drugs possessing triazole
nucleus have been applied in medicine, like, Alplam (anxiolytic agent, tranquilizer), Anastrozole,
Letrozole, Vorozole (antineoplastics, nonsteroidaimpetitive aromatase inhibitors), Estazolam
(hypnotic, sedative, tranquilizer), Etoperidone ti@epressant), Fluconazole, Itraconazole,
Terconazole (antifungal agents), Ribavirin (anéiiragent), Benatradin (diuretic), Rilmazafon
(hypnotic, anxiolytic, used in the case of neuratsomnia), Nefazodone (antidepressant, 5-HT2 A-
antagonist), Rizatriptan (antimigraine ag&ht)

Tetrazoles are useful reagents in heterocyclich&gi¢ and are widely used in ring cleavage/ring
closure reactions with electrophilic reagents tanfmew C-N and N-N bontfs Tetrazoles are
regarded as biologically equivalent to the carbioxgtid group, and extensive work on the synthesis
of tetrazoles has been carried out in the fielanaterial sciences, pharmaceuticals, explosives, and
photography®. The synthesis of 5-substituted 1H-tetrazoles friimiles has received much attention
recently, and new preparative methods have appdarethe same'*% Also, tetrazole functional
group is much less abundant but the use is inecrgakie to the excellent properties as a metabblical
stable isosteric replacement for the carboxylidd avbiety?® and as a cis-peptide bond mimétic
Tetrazoles have also been used as precursorsepaterocyclés and in high energy compouritis
Triazolo and tetrazolo isoquinolines are known tisge’s good pharmacological propertlasge
numbers of such compounds have been synthesizedliffgrent routes which involve 1-
hydrazoisoquinolines as intermedfdt® Synthesis of this intermediate itself is quitéfidilt and
comprises large number of steps.

In view of these observations and continuation wf earlier work on the synthesis and biological
activity of isocoumarin derivatives, the presentkwyas undertaken to prepare a series of triazatb a
tetrazolo isoquinoline derivative adapting simpkps. A different route was adapted for coumarinoyl
derivative of isocoumarin.

Numerous compounds with biological activity haveténvestigated, however many of them are not
suitable for therapeutic use due to their toxiccicegenic and mutagenic properties. Nowadays, it i
possible to make modifications of active chemid¢alcures, in order to synthesize compounds with
improved therapeutic activity and reduced toxicity.

Many naturally occurring organic compounds, as veallsynthetic compounds, having oxygen as
heteroatom exhibit interesting pharmacological props.

Oxygen heterocyclic compounds have been shownhibitra range of fungi and bactefid? It is
believed that these cyclic compounds represerdréirgl point for the exploration of new derivatives
possessing a range of antimicrobial activity. Vasianteresting biological activities are associated
with naturally occurring coumarin, isocoumarins ahdir derivatives which have found extensive
application in the field of medicine and agricutuchemistry. Isocoumarins and its derivativesaare
important type of oxygen containing aromatic hetgolic compound, having various functional
groups>*® through which coumarin moiety can be introdua®o the structurally rigid isocoumarin
parent compound.

Numerous researchers have focused on the isolgtisification and biological activity of coumarin
and isocoumarin separat&ly®, however both moiety together have attracted apetiention, as far
as biological activity is concerned since both slgmed antimicrobial activities. However to the best
of our knowledge, isocoumarin derivatives havingiroarin moiety have not been reported earlier.
Based on these findings, we describe the syntbésisme compounds featuring different heterocyclic
rings fused onto the isocoumarin moiety with then af obtaining more potent pharmacologically
active compounds and a different route was addptetie same.

During this study various new isocoumarins incogpiog triazoles, tetrazoles and coumarin moiety
were synthesized. The structures of all these comg® were established through spectroscopic
techniques. All the compounds were screened famambbial and analgesic activities.
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2. Results and discussion

During our studies on isocoumarins we have fourad ifocoumarins can be easily converted
to 1-hydrazinoisoquinoline (Figure 4). This prontbigs to carry out synthesis of some triazolo- and
tetrazolo — isoquinolines by making use of isocoiinsaas starting materials.

Based on good biological activity in novel heterdizysystem, we undertook the synthesis of a new
series of compounds incorporating the above meadiohiologically active moieties (triazole,
tertazole, coumarin) in to 4-alkyl-3-aroyl isocouams (Figure 4 & 7).

The isocoumaring were prepared from o-acyl benzoic adidnd 2- bromo acetyl dibenzofur@n
using the reported methBdFigure 4). The isocoumarir@a-b showed IR absorption frequencies at
1735, 1600 and 1266 ¢hfior v lactone, -C=0 and C-O respectivell. NMR signals are obtained &t
2.1 (s, 3H, CH), 7.3-8.0 (m, 10H, aromatic protons), 8.2 (d, TgH) and Mass spectrum showed
m/z at 355 (M + 1), 340, 311, 264, 174, 160 and 146. The isoewin®3a-b were converted to
isoquinolone derivativeda-b on reaction with liquor ammonia in ethanol. Simgleemical tests
(Functional Group Analysis) revealed the preserfcantide group i4 and nitrogen confirmed by
elemental analysis. The resultant isoquinolohegere then converted to 1-chloro isoquinolifely
treatment with POGF PCE. Here, presence of halogen was proved by the absdrareide carbonyl

in IR spectra5 on treatment with hydrazine afforded the requiredybrazinoisoquinoline6, and the
absence of Cl group was confirmed by elementalyaisal After the confirmation o8, two different
pathways were carried out, one in whighvas condensed with HCI / NaN@esulting cyclization of
hydrazine group into tetrazole derivativein quantitative yield, and in second pathw#éywas
condensed with formic acid which via cyclizatiosuked in triazole derivativ8. The IR spectra’s of
tetrazolo isoquinoline§ and triazolo isoquinoline8 showed absorption at 1692, 1645, 1567, 1497
and 1675 1620, 1559, 1494 ¢rfor —.C=0, C=N, C=C, C-N respectively In both corapds7 & 8,
the proton at 8 position, ortho to hetero atom, appeared as doaby.9, which in isocoumaris
appeared ai8.4 showing the absence of oxygen and introduaifamtrogen heterocyclic moiety and
finally confirms the formation of tetrazole / trige isoqunolines.

The syntheses of 4-alkyl-3- coumarinoyl isocounatida-g were achieved with an efficient synthetic
route outline in (Figure 7). The isocoumarBe b, e were prepared by condensing different o-acyl
benzoic acids such as acetophenone — o — carb@gjtida and propiophenone — o0 — carboxylic acid
1b with p-hydroxy bromoacetopheno@b in presence of anhy. KOs using ethyl methyl ketone as
solvent by reported methdScheme 19¢c & 9d were prepared by same method as given above. Here
in place of o-acyl benzoic acid, 6-nitro-o-acetghhoic acidlc*? was used9f and9g were prepared
by condensing 2-carboxy benzaldehyde with p-hydrbsymoacetophenone by reported metfiod
Here bromo derivative was same but 2-carboxy beehgideld was used instead of o-acyl benzoic
acid. The isocoumarins formed were then subjettedyclization by reacting them with ethyl
acetoacetate in presence of conc. sulfuric acidhwias used as a catalyst and solvent both tdget t
target compound40 in good yield (Pechmann condensation). They sholaetbnic absorption at
1706.24 cit and carbonyl absorption at 1604.26 ‘tnCharacteristic signals iftH NMR were
obtained ab 2.3 (s, 3H, ¢ —H), 6.8-8.1 (m, 7H, aromatic protons), 8.2 — §l41H, G-H).

2.1. Antibacterial activity:

Antibacterial activity of newly synthesized compdsnwas tested in vitro in bacterial strains,
Staphylococcus aurewsnd Escherichia coliusing serial agar dilution (cup plate meth&djhe two
microorganisms were cultured in dishes containig&r anedium, four cups (8 mm) were put onto the
dishes and each tested compound (0.1mL of 2mg/m&3 wadded into the cups under aseptic
condition. Then the dishes were incubated 8€3@r 24h. The zone of inhibition of the growthtbe
bacteria, which were produced by diffusion of tlnpounds from the cup into the surrounding
medium, was measured to evaluate the antibactectality. Each experiment was repeated twice.
DMF was used as a positive control for the expemisieand the results were compared against
standard drug ampicillin.

Antibacterial results were interpreted in termdhad diameter of the inhibition zone for antibackri
activity. The experiments have revealed that al idbcoumarins synthesized showed good results
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against gram negative bacteria EeColi with the zone of inhibition but the activity wasufm
maximum with triazole- isoquinolinderivative.All the compounds showed excellent activity against
gram positive bacterie. Aureushbecause zone of inhibition for control was zerbe Tntibacterial
data of coumarinoyl derivativi) indicates a strong and better activity againstngpasitive organism,
which was almost equivalent to the reference dHimwever, all the compounds were moderately
active against gram negative bacteria. The antbattdata also revealed that the introductionhef t
nitro group at 8th position of isocoumarin ring aatasence of alkyl groups at the 4th position of the
isocoumarin moiety enhances the activity againgt bwe bacteria.

7 -
— 6 i
E
Es |
S
s 4
2
£3 -
[
[=]
22
=]
N
1 -
0 1 T T T T T T T T T T
3a 3b 7a 7b 8a 8b 10a 10b 10c 10d 10f
Compounds

Figure 1. Antibacterial activity: S. Aureus — black; E.Celgray
2.2. Antifungal activity:

The title compounds were screened for antifugdlity. It was performed in vitro against
fungal strainsFusarium pallidoroseum and Colletotrichum capsiging Potato Dextrose Agar
Medium (Poisoned Food Techniqdg)

The standard fungal culturé. pallidoroseum & C. capsicwere grown on PDA slants at room
temperature. Mycelial growth inhibition d¢f. pallidoroseum & Cheatoniunwas evaluated by the
poisoned food technique, where the inhibition iovgh of the fungal strain was observed on PDA.
The stock solutions (1000ppm) were made from edthhe test compounds. The required %
concentrations of the compounds (mg/mL) were obthiny mixing the appropriate amount of the
stock solution with 20 mL of molten PDA. The ametd@DA was poured into petri dishes and
allowed to set. An inoculum of the fungus obtaifiexin 7 days old axenic culture, grown as above,
was placed at the centre of the amended agar meéiaah experiment was performed in triplicate.
The diameter of the fungal colony was measured 4ftgays and then 7 days at 263 1and the %
inhibition was calculated using the following eqaat

o Growth area in reference — Growth area in sample
% inhibition = . ¥ 100
Growth area inreference

The antifungal screening data showed appreciatiieitpoof the test compounds. Among test
compounds, 8a,b, 10b-d, 10 f showed remarkablgitgctigainst chaetonium. 7a,b were found to be
moderate and 3a,b were reasonably good.
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Figure 2. Antifungal Activity: Fusarium Pallidoroseum — blacChaetonium — gray
2.3. Analgesic activity:

Analgesic activity of the compounds was determibgdrail flick method™. Mice of either
sex weighing between 20-25 g which shows posiegponse were selected and divided into different
groups with four mice in each group. The firstugroserved as control which received 2% gum
acacia. Second group served as standard whiclvedcanalgin at a dose of 50 mg/kg body weight
orally. Rest groupseceivedtest compounds at a dose of 50 mg/kg body weightmfse, orally. The
tail of the mouse was dipped (up to 5 cm) in a whah at 55 + 0°C. The time taken to withdraw
the tail clearly out of water was considered ag#aetion time with the cut-off time being 60 sedsn
The first reading was taken immediately after adshiation of the standard drug and test compounds
and afterwards at the intervals of 30 minutes. fEisponse time was recorded.

The results obtained showed tBat& 8b having tetrazole nucleus were found to be mosicéffe in
reducing the pain, thaida & 7b having triazole nucleyswhich in turn was better than simple
isocoumarin moietya & 3b, when compared to the standard drug . The pressinsecoumarin —
coumarin moiety together (Figure 7), enhanced tihegesic activity on comparison with all other
compounds of the same series and gave averageretisie comparable to the standard drug. The
change in the functional groups such as alkyl claithe 4 position of the isocoumarin does not
make remarkable effect in the analgesic activity.

=
Q
J

OO0 minutes
O30 minutes
50 minutes

M50 minutes

Average ReactionTime
Q B N W B U N 0w
1

® a2 P A2 A P P PP DS

Compounds

Figure 3. Analgesic Activity: white — response time aftemihutes; gray with border — response time
after 30 minutes; gray without border — response tafter 60 minutes; black — response time after 90
minutes
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Figure 4. Synthesis of Tetrazolo and Triazolo Isoquinolines
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Figure 8. Mechanism; 3-(4’-methyl coumarin-6’-carbonyl) isagnarin
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3. Conclusion

A new series of triazole / tetrazole isoquineinand coumarinoyl isocoumarin derivatives
have been synthesized and evaluated for their mmtibial activity against gram positive, gram
negative bacteria and different fungi namedtysarium pallidoroseum, Colletotrichumapsici.
Synthesized compounds were also evaluated for @neailgesic activity and tested compounds showed
better results when compared with standard drug.

4. Experimental

The reagents and the solvents used in this studg we analytical grade and were used
without further purification. Melting points werestrmined in open capillaries and are uncorrected.
The purity of the compounds was checked by TLC iioasgel GF254 plates using UV/lodine as
visualizing agent and Merck’s silica gel (60-120 sime was used for column chromatographic
purification. Infrared spectra were recorded onHEPlerkin EImer spectrophotometer using potassium
bromide opticsH NMR spectra were recorded on a Bruker spectran{d@® MHz) using TMS as
internal standard and chemical shifts are givepgm. Mass spectrums were obtained using Thermo
Scientific Corporation, DSQ |l Mass Spectrometeleniental analyses were carried out on Perkin-
Elmer C, H, N, S analyzer (Model-2400).

4.1.General procedure for Synthesis of 4-substitu dibenzofuryl isocoumarin (3n-propionyl
benzoic acid 1b) (1.91g, 0.01 mmol), 2-bromo acetyl dibenzofurdn(@.1g. 0.01mmol) and anhy.
K,CO;s, (3.1g, 0.022 mmol) was refluxed for 10-12 hrsettnyl methyl ketone. Solvent was then
removed, 50 mL water added and extracted with 1D@thyl acetate. Solvent layer was first washed
with sat. sod. bicarbonate solution and then withew it was finally dried over anhy. p&0O,. After
removal of solvent the crude product was purifigdcblumn chromatography using pet. ether-ethyl
acetate (95:5) as eluent to yield compounds 3a-b.

4.2.1. 4-Methyl -3- dibenzofuryl isocoumarin (3&t.P: 55C; 80.26% vyield; Ir: 1735 cth (v
lactone), 1600 cih (C=0), 1266 cm (C-O); Anal. Calcd GH10; (354.0g): C, 77.96; H, 3.95;
Found: C, 77.58; H, 4.16H NMR § 2.11 (s, 3H, Ch), 7.34-8.01 (m, 10H, aromatic protons), 8.23 (d,
1H, G-H, J = 3.2 Hz); ms: m/z: 355 (W+ 1), 340, 311, 264, 174, 160 and 146.

4.2.2. 4-Ethyl -3- dibenzofuryl isocoumarin (3b).P 86'C; 80.00% yield; Anal. Calcd £H;¢0,

(368.0g): C, 78.26; H, 4.34. Found: C, 78.43; H14'H NMR & 1.25 (t, 3H, CH,J = 7.4 Hz), 2.70
(g, 2H, CH, J = 7.2 Hz), 6.88-7.92 (m, 10H, aromatic protons}68(s, 1H, GH); ms: m/z: 368
(M%), 312, 278, 250, 186 and 146.

4.3. General procedure for Synthesis of Substitidedquinolones (4)A solution of isocoumarin3)
(0.1g, 0.00027 mmol) in ethanol (3 mL) was refluxeith liquor ammonia (4mL) for 2.5 hrs. The
reaction mixture was left overnight at room tempane The resultant solid was filtered, washed with
water and it was recrystallised from ethanol tegha-b.

4.3.1. 3-(Dibenzofuran— 3-carbonyl)-4-methyl isomubnes (4a):M.P 80C; 90.15% yield; Ir: 3386
cm* (N-H), 1680 crit (C=0); Anal. Calcd &H1:0:N (353.0 g): C, 78.18; H, 4.24; N, 3.96; Found: C,
78.02; H, 4.58; N, 4.03.

4.3.2. 3-(Dibenzofuran— 3-carbonyl)-4-ethyl-2H-isotpline-1-one (4b)M.P 75C; 91.00% yield; Ir:
32276 crit (N-H), 1695 crit (C=0); Anal. Calcd gH;;O:N (367.0 g): C, 78.47; H, 4.63; N, 3.81;
Found: C, 78.50; H, 4.81; N, 3.99.

4.4. General procedure for Synthesis of Substittit€hloroisoquinolines (5)isoginoline @) (64 mg,
0.00017 mmol), PGI(42 mg) and POGI(0.2 mL) were mixed and the mixture refluxed féwrsl at
130 °C. Excess of POglwas removed by distillation under reduced pressiitee residue was
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decomposed with ice water containing excess ofusodbicarbonate. The product was filtered,
washed with water and recrystallised from dietthgethexane to give 5a-b.

4.4.1. 3-(Dibenzofuran— 3-carbonyl)-1-chloro-4-mgtisoquinoline (5a)M.P 92C; 87.36% vyield:; Ir:
1688 cni (C=0); Anal. Calcd @H140,NCl (371.5 g): C, 74.29; H, 3.76; N, 3.76; Found:7@.49; H,
3.54; N, 3.72.

4.4.2.3-(Dibenzofuran— 3-carbonyl)-1-chloro-4-etligbquinoline (5b):M.P 75C; 87.33% yield; Ir:
1683 cnt (C=0); Anal. Calcd @H:s0,NCl (385.5 g): C, 74.70; H, 4.15; N, 3.63; Found:7@.46; H,
4.39; N, 3.91.

4.5.General procedure for Synthesis of Substitlitetydrazinoisoquinolines (6)A mixture of §) (47
mg, 0.00012 mmol), 80% ag. Hydrazine hydrate (0.bard ethanol (1mL) was refluxed at 20@or

1 hr. The alcohol was distilled off and the resitheated with excess of ammonia, it was filtered an
washed with water, then was recrystallised fronaeth to give 6a-b.

4.5.1. 3-(Dibenzofuran— 3-carbonyl)-1-hydrazinométhyl isoquinoline (6a)M.P 90°C; 74.00%
yield; Ir: 1578 crit (N-H); Anal. Calcd GsH;70,N; (367.0 g): C, 75.20; H, 4.63; N, 11.44. Found: C,
75.52; H, 4.60; N, 11.61.

4.5.2. 3-(Dibenzofuran— 3-carbonyl)-1-hydrazinoettyl isoquinoline (6b)M.P 95C. 74.23% vyield;
Ir: 1614 cnt (N-H); Anal. Calcd GH140,N5 (381.0 g): C, 75.59; H, 4.98; N, 11.02. Found7&.70;
H, 5.21; N, 11.27.

4.6. General procedure for Synthesis of Tetrazblat{a)-isoquinolines (7)To a solution of ) (50
mg) (0.00013 mmol) in 50% aq. HCI (ImL) which wasoled to 6C, an aq. solution of sodium
nitrite (29mg) in 1.0 mL water was added dropwiddilevmaintaining the temperature belo#C5
After the addition was over, the reaction mixturasvheated for 1 hr, and then allowed to cool, the
solid product was filtered, washed with water, drded recrystallised from ethanol to give 7a-b.

4.6.1. 3 - (Dibenzofuran— 3-carbonyl) — 4 - methyTetrazolo — (5, 1 — a) isoquinoline (7&t.P
84°C; 60.00% yield: Ir: 1692 cth(C=0), 1645 cril (C=N), 1567 crit (C=C), 1497 cri (C-N); Anal.
Calcd GsH14O.N,4 (378.0 g): C, 73.00; H, 3.70; N, 14.81; Found:73,30; H, 3.49; N, 15.01'H
NMR 6 2.20 (s, 3H, ChH), 7.25-7.99 (m, 10H, aromatic protons), 8.1 (d,, 1F-H); 1BC NMR
(CDCly) 6 187.0 (C=0, ketone), 150.6 (C=N), 12.7 @HL23.0 (C), 130.3 (CH), 128.9 (C), 127.1
(CH), 127.1 (C), 136.0 (C), 128.3 (C), 151.8 (=G29.3 (C), 124.1 (CH), 121.8(CH), 131.0 (C),
155.7 (C), 112.5 (CH), 145.1 (C), 107.0 (C), 12Z61), 123.1 (CH), 124.5 (CH), 112 (CH); ms: m/z:
378 (M), 363, 316, 289, 212, 184, 169 and 168.

4.6.2. 3 - (Dibenzofuran— 3-carbonyl) — 4 - ethyfetrazolo — (5, 1 — a) isoquinoline (7B).P 75C;
60.63% yield; Anal. Calcd GH1¢0.N, (392.0 g): C, 73.46; H, 4.08; N, 14.28; Found:73,72; H,
4.29; N, 14.34!H NMR 8 1.52 (t, 3H, CH, J = 7.1 Hz), 2.31 (q, 2H, CHJ = 7.2 Hz), 7.24-8.00 (m,
10H, aromatic protons), 8.05 (d, 1H,-E); *C NMR (CDCE) § 187.0 (C=0, ketone), 150.6 (C=N),
17.5 (CH), 20.5 (CH), 123.0 (C), 130.3 (CH), 128.9 (C), 127.1 (CH)y12(C), 136.0 (C), 128.3
(C), 151.8 (=C-), 129.3 (C), 124.1 (CH), 121.8(CH31.0 (C), 155.7 (C), 112.5 (CH), 145.0 (C),
107.0 (C), 122.0 (CH), 123.1 (CH), 124.5 (CH), D1L@H); ms: m/z: 393 (M+ 1), 363, 330, 302,
224, 210, 198 and 183.

4.7. General procedure for Synthesis of 1,2,4-Dli@£3, 4-a)-isoquinolines (8)A mixture of @) (50
mg, 0.00013 mmol) and formic acid (0.1 mL) was bdait 130-13% for 3 hr, and after completion
of reaction, mixture was poured into ice cold walére unreacted formic acid was neutralized with
sodium bicarbonate solution. The solid product fednwas filtered, washed with water and was
carefully recrystallized from ethanol to give 8a-b.
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4.7.1. 3 - (Dibenzofuran— 3-carbonyl) — 4 - methyl,2,4 -Triazolo — (3, 4 — a) isoquinoline (8a):
M.P 78C; 55.86%; Ir: 1675 cth(C=0), 1620 cil (C=N), 1559 crif (C=C), 1494 cm (C-N); Anal.
Calcd G,H1s0.N; (377.0 g): C, 76.39; H, 3.97; N, 11.14; Found:76,01; H, 4.25; N, 11.38H
NMR 6 2.16 (s, 3H, Ch), 7.25-7.99 (m, 10H, aromatic protons), 8.00 (d, C;-H), 8.07 (d, 1H, N-
CH=N): **C NMR (CDC}) 6 187.0 (C=0, ketone), 151.0 (C=N), 148.0 (C=N)51ZH,), 123.5 (C),
130.0 (CH), 128.0 (C), 127.0 (CH), 127.0 (C), 1383, 128.0 (C), 152.0 (=C-), 129.3 (C), 124.0
(CH), 122.0 (CH), 132.0 (C), 155.6 (C), 113.0 (CH35.2 (C), 106.9 (C), 121.6 (CH), 123.0 (CH),
123.9 (CH), 111.0 (CH); ms: m/z: 377 () 327, 287, 210, 183 and 169.

4.7.2. 3 - (Dibenzofuran— 3-carbonyl) — 4 - ethyl,2,4 -Triazolo — (3, 4 — a) isoquinoline (8M):P
92°C; 55.00% yield; Anal. Calcd#H;/0,N; (391.0 g): C, 76.72; H, 4.34; N, 10.74; Found76.58;

H, 4.50; N, 10.92'H NMR & 1.30 (t, 3H, CH, J = 7.2 Hz), 2.70 (q, 2H, CHJ = 7.3 Hz), 7.25-8.0
(m, 10H, aromatic protons), 8.06 (d, 2H,-8 and N-CH=N):**C NMR (CDCE) & 187.0 (C=0,
ketone), 151.0 (C=N), 148.0 (C=N), 17.0 (§$+20.1 (CH), 123.5 (C), 130.0 (CH), 128.0 (C), 127.0
(CH), 127.0 (C), 136.2 (C), 128.0 (C), 152.0 (=@29.3 (C), 124.0 (CH), 122.0 (CH), 132.0 (C),
155.6 (C), 113.0 (CH), 145.2 (C), 106.9 (C), 12(C&1), 123.0 (CH), 123.9 (CH), 111.0 (CH); ms:
m/z: 391(M), 341, 301, 223, 210, 196 and 169.

4.8. General procedure for the synthesis of (coumrascarbonyl) isocoumarin (10)A mixture of
isocoumarin9 (100 mg, 0.00033 mmol) and ethyl acetoacetate 804 0.00033mmol) was added
slowly to conc. sulphuric acid (2mL) cooled in ieg&thin 15 mins. The reaction mixture was left
overnight. After completion of reaction, the middéwvas poured into ice and solid product obtained
was filtered and purified by column chromatograpising pet. ether — ethyl acetate (80:20) as eluent
to give 10a-g.

4.8.1. 4-Methyl-3-(4’-methyl coumarin-6’-carbonigpcoumarin (10a)M.P 192C; 49.37% yield: Ir:
1604.26 crit(-C=0), 1706.24 (lactonic ketone); Anal. CalcghG,Os (346.0 g): C, 72.83; H, 4.04;
Found: C, 73.19; H, 4.26H NMR & 2.31 (s, 3H, @ —H), 2.55 (s, 3H, GH), 6.85-8.19 (m, 7H,
aromatic protons), 8.28 (d, 1Hg8); *C NMR (CDCE) & 163 (C=0, isocoumarin lactone), 161
(C=0, coumarin lactone), 187.0 (C=0, ketone), 1€Hs), 24.1 (CH), 125.0 (C), 137.0 (C), 126.0
(CH), 133.0 (CH), 128.0 (CH), 130.0 (CH), 128.5,(€34.3 (C), 133.0 (C), 128.0 (CH), 128.5 (C),
157.0 (C), 122.0 (CH), 129.0 (C), 109.3 (CH), 15&) ms: m/z: 346 (V), 187, 159 and 145.

4.8.2. 4-Methyl-3-(4’-methyl-7"-hydroxy coumarin@rbonyl) isocoumarin (10b):M.P 158C;
38.09% yield; Anal. Calcd £H,,0s (362.0 g): C, 69.61; H, 3.86; Found: C, 69.484H,3;'H NMR

8 2.25 (s, 3H, ¢ —H), 2.65 (s, 3H, ¢H), 6.42 (s, 1H, OH), 6.86-8.10 (m, 6H, aromatiotpns), 8.25
(d, 1H, G-H, J = 3.0 Hz);13C NMR (CDCk) 6 163.0 (C=0, isocoumarin lactone), 161.0 (C=0,
coumarin lactone), 187.0 (C=0, ketone), 14.4 {CB4.1 (CH), 125.0 (C), 137.0 (C), 126.0 (CH),
133.0 (CH), 128.0 (CH), 130.0 (CH), 128.5 (C), B34&C), 133.0 (C), 128.0 (CH), 128.5 (C), 157.0
(C), 122.0 (CH), 129.0 (C), 109.3 (CH), 156.0 (@)s: m/z: 362 (), 287, 259, 203, 187 and 146.

4.8.3. 4-Methyl-3-(4-methyl coumarin-6'-carbongnitro isocoumarin (10c)M.P 128C; 40.28%
yield; Ir: 1557 crit (-C=0), 1720 cm (lactonic ketone), 1344 cH+NO,); Anal. Calcd GH1:0/N
(391.0 g): C, 64.45; H, 3.32; N, 3.58; Found: C,184H, 3.68; N, 3.82"H NMR § 2.03 (s, 3H, ¢ —
H), 2.56 (s, 3H, ¢H), 6.59-8.11 (m, 6H, aromatic protons), 8.431d, G-H,J=2.2 Hz);13C NMR
(CDCl) 6 163.0 (C=0, isocoumarin lactone), 162.0 (C=0, catiimlactone), 187.0 (C=0, ketone),
14.8 (CH), 24.7 (CH), 126.0 (C), 137.3 (C), 125.0 (C), 150.0 (C-)NA23.0 (CH), 134.6 (CH),
132.0 (CH), 135.0 (C), 136.0 (C), 126.5 (CH), 12(CH), 122.7 (CH), 152.0 (C), 134.0 (C), 155.0
(C), 109.0 (CH); ms: m/z: 391() 207 and 160.

4.8.4. 4-Methyl-3-(4’-methyl-7’-hydroxy coumarin-€&rbonyl)-8-nitro isocoumarin (10d): M.P
134°C; 40.00% yield; Anal. Calcd £H;50sN (407.0 g): C, 61.91; H, 3.19; N, 3.43; Found6g,35;
H, 3.30; N, 3.72/H NMR 6 1.99 (s, 3H, € —H), 2.30 (s, 3H, GH),5.34 (s, 1H, OH), 6.59-8.24 (m,
5H, aromatic protons), 8.41 (d, 1H;-8); **C NMR (CDCk) & 163.0 (C=0, isocoumarin lactone),
162.0 (C=0, coumarin lactone), 187.0 (C=0, ketohé)4 (CH), 24.5 (CH), 125.2 (C), 137.4 (C),
124.0 (C), 150.4 (C-N§), 122.8 (CH), 134.3 (CH), 132.1 (CH), 135.0 (C24D (C), 127.5 (CH),
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120.0 (CH), 151.0 (C - OH), 138.0 (C), 134.6 (335D (C), 109.4 (CH); ms: m/z: 407 (M 377,
361, 331, 209, 187, 159, 145 and 77.

4.8.5. 4-Ethyl-3-(4-methyl coumarin-6'-carbony§ocoumarin (10e)M.P 180C; 57.83% yield; Ir:
1610.09 crit(-C=0), 1714.28 (lactonic ketone); Anal. CalcehtficOs (360.0 g): C, 73.33; H, 4.44;
Found: C, 73.30; H, 3.74H4 NMR 6 1.36 (t, 3H, CH, J = 7.0 Hz), 2.35 (s, 3H,L£-H), 2.95 (q, 2H,
CH,), 6.80-8.10 (m, 7H, aromatic protons), 8.21 (d, Tg¢H); **C NMR (CDCk) § 163.0 (C=0,
isocoumarin lactone), 162.0 (C=0, coumarin lactpta8y.0 (C=0, ketone), 11.0 (G 24.5 (CH),
22.0 (CH), 130.0 (C), 136.8 (C), 129.0 (C), 131.0 (CH), 22(CH), 134.0 (CH), 126.5 (CH), 134.3
(C), 133.5 (C), 128.8 (CH), 121.5 (CH), 127.9 (CiH6.5 (C), 127.5 (C), 155.0 (C), 109.5 (CH); ms:
m/z: 361 (M + 1), 354, 331, 316, 201, 174 and 118.

4.8.6. 3-(4-methyl coumarin-6'-carbonyl) isocouina(10f): M.P 196C; 50.71% yield; Anal. Calcd
CooH120s (332.0 g): C, 72.28; H, 3.61; Found: C, 72.403H9;'H NMR & 2.32 (s, 3H, ¢ —H), 7.44

(s, 1H, G-H), 6.57-8.16 (m, 7H, aromatic protons), 8.42 (i, G-H, J = 1.8 Hz,J = 6.5 Hz);**C
NMR (CDClk) 6 163.0 (C=0, isocoumarin lactone), 161.0 (C=0, camimlactone), 187.0 (C=0,
ketone), 24.1 (CkJ, 116.0 (CH), 142.0 (C), 137.0 (C), 126.0 (CH33D (CH), 128.0 (CH), 130.0
(CH), 128.5 (C), 134.3 (C), 133.0 (C), 128.0 (CH8.5 (C), 157.0 (C), 122.0 (CH), 129.0 (C), 109.3
(CH), 156 .0 (C); ms: m/z: 330 (M2), 187, 146 and 77.

4.8.7. 3-(4-methyl-7"-hydroxy coumarin-6'-carbdnisocoumarin (10g)M.P 230C; 47.83% yield;
Anal. Calcd GoH1,06 (348.0 g): C, 70.58; H, 3.52. Found: C, 70.723H8;'H NMR & 2.12 (s, 3H,
C4 —H), 5.10 (s, 1H, OH), 7.45 (s, 1H4€l), 6.53-7.99 (m, 6H, aromatic protons), 8.411(d, G-H,

J = 3.7 Hz);*C NMR (CDCE) 3 163.0 (C=0, isocoumarin lactone), 161.0 (C=0, camimlactone),
187.0 (C=0, ketone), 24.1 (G 116.3 (CH), 141.8 (C), 137.0 (C), 129.0 (C)pIB(CH), 127.6
(CH), 134.0 (CH), 126.0 (CH), 121.0 (C), 159.0 (OH), 110.0 (CH), 128.5 (CH), 158.0 (C), 121.0
(C), 156.0 (C), 109.8 (CH); ms: m/z: 348 (M333, 173 and 146.
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