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ABSTRACT

Pyridazinone derivatives congtitute an important class of heterocyclic in drug discovery. The interesting groups of
this compound have diverse hiological activities such as antibacterial, antifungal, anti-inflammatory, anticancer,
anti-tubercular, antihypertensive and analgesic activities. Interestingly, It also shows insecticide and herbicide
activity. In the present review, our main interest is to emphasize the various synthetic molecules of pyridazinone
analogs along with their pharmacological significance which is also presented.
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INTRODUCTION

Over the past decades, the bulk of chemists’ isterbave been on heterocyclic compounds and tlious

derivatives as well as their applications in thanpmaceutical and chemical fields. Research conegnmiany kinds
of heterocyclic compounds, such as, tetrahydrodmwes [1], benzotriazole [2], diazepine [3], pyrailae [4],

thiazole [5], pyrazole [6], pyrimidine [7, 8], h&&en the subject of numerous recent studies. Dudognt years,
pyridazinones have been a subject of intensivearebeowing to their wide spectrum of pharmacololgéivities

like antibacterial [9], antifungal [10], anti-HIV1[]], anticancer [12], analgesic & anti-inflammatdr3-15],

anticonvulsant [16], cardiotonic [17], antihype@ar [18, 19], and antiulcer activities [20]. A sténtial number of
pyridazinones have been reported to possess auariety of agrochemical such as insecticide, awif21-23]

and herbicide activities [24, 25].

This review covers updated information in the sgsth and reactivity of pyridazinones and theirives. It also
shows important properties, applications in phaotagical and agrochemical fields.

» Physicochemical properties

Pyridazin-3(2H)-ondFigure 1) refers to the class of simple aromatic ring orgasmumpounds of the heterocyclic
series characterized by a six-membered ring streatamposed of four carbon atoms, one oxygen atwnt&o
nitrogen atoms in adjacent positions.
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Figure 1: Numbering of the pyridazin-3(2H)-one ringsystem
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Molecular Formula ¢H4N,O
Molecular Weight  96.09 g/mol

Melting Point 98-104 °C
Boiling Point 101 °C (lit.) at 1.5 mmHg
Appearance Solid

e Tautomerism of pyridazinone
The concept of tautomerizations is called tautosmeriwhich results in the formal migration of a hygen atom or
proton, accompanied by a switch of a single bordlinadjacent double bor{8cheme 1]26-28].

H

\

H X X

Scheme 1: Tautomerism

Saeed Reza Emamian et al. [29] reported a thealstiedy of the solvent effects on the tautomeioraprocess of
the simplestpyridazinone 1 into pyridazol 2, using DFT methods at the B3LYP/6-311++G** levdltheory
(Scheme 2)In the gas phase two mechanisms for the hydrtgeisfer have been investigated. Two of them were
taken into consideration in this proce@k:one in which the hydrogen is directly transferfien the nitrogen to the
oxygen atom through the synchrondi812 (transition statel2); an@i) another one in which a double hydrogen
transfer takes place viBS1122(transition state1122) upon formation of the cquoesling dime(Scheme 3) The
former requires a very high activation energy of6di2kcal/mol as a consequence of the strain agsdcwith the
formation of the four-memberebiS12, while the latter requires a much lower activaterergy, 14.66 kcal/mol. A
combined explicit and implicit solvation model, forotic and aprotic polar solvents, is used in ptdeanalyze the
solvent effects on the tautomerization. This stallgws the establishment of the requirement to predic polar
solvents in order to reduce the high activatiorrgyassociated with TS12.

O OH
[ - )
/N /N
Pyridazin-3(2H)-one (1) Pyridazin-3-ol (2)

Scheme 2: The tautomeric equilibrium investigatedri this work
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Scheme 3: Direct hydrogen transfer (mechanism A) ahindirect hydrogen transfer (mechanism B) are invtved in the gas phase
tautomerization of pyridazinone 1 into pyridazol 2

A. SYNTHESIS AND REACTIVITY OF PYRIDAZIN-3(2H)-ONE

1.Synthesis of pyridazin-3(2H)-one

Several methods have been used for the synthespyradazinone. Leila Zare et al. [30] reported threst
ultrasound-promoted multicomponent synthesis ofidaginones5 and phthalazinone6 from arenesl, cyclic
anhydrides3, 4 and ArNHNH, 2 in the presence of an efficient recyclable catal¥sbutyl-3-methylimidazolium
bromochloroaluminate ([omim]Br-AlG), in high yield and short reaction time.

R3
3
¢} O 0 R,
A =
R, NHNH, 5
. R3
[bmim]Br/AlCl; 0
+
1 R;
2 4 0

Scheme 4: Multicomponent synthesis of pyridazinoneand phthalazinones
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The mechanism of reaction [30] goes through Friededfts acylation between arenes and cyclic antgdover an
efficient acidic catalyst to prepare keto-carboxydicids. Intermolecular hydrazone formation folldwey an
intramolecular cyclization that led to the formatiof pyridazinones and phthalazinon@cheme 5) For these
reasons, the [bmim]Br/AICI3 use as a catalyst, beeaof its environmental compatibility, reusabilipperational
simplicity, no toxicity, non-corrosiveness, low taesd ease of isolation.
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O—[bmim]Br/AlCl,
4
O
Ry
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O 0 O
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[bmim]Br/AICI4
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NHNH, O|[bmim]Br/AICI;
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N—N R3
R, / 0 + H0

Scheme 5: Proposed mechanism for the multicomponesynthesis of pyridazinones and phthalazinones
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Scheme 6 : Synthesis of pyridazinone
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In addition, Karolin AlexIn et al. [31] have develed a novel method for the synthesis of 6-methgh&nyl-4,5-
dihydropyridazin-3(2H)-ond.0 based on domino hydrohydrazination and condensaéiactions. Phenylhydrazine
7 react with 4-pentynoic acilin the presence of 1 equiv Zn@b give the corresponding pyridazinone in a one-po
process in moderate to good yields.

In this study, Alexander V. Stepakov et al. [32]mimstrated a new approach to the synthesis of 4-(N-
aryl)carbamoylmethyl-4,5-dihydropyridazin-3(2H)-en&4 by reaction of N-aryl substituted maleimidd with
azines12. In some cases, Michael addition intermedidtBswvere isolated, which were then converted into the
corresponding 4,5-dihydropyridazin-3(2H)-ones. Theactions are operationally simple and do not mequi
temperature manipulations or inert atmospheres.
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Scheme 7: Synthesis of 4,5-dihydropyridazin-3(2H)res
@) O
o 0 AN, CI
— C3H; OFEt
C;H5 OEt |
15 NH
16 |
Ar

AcONH, / AcO EtOzc\/CN

S C3Hy

HN—N\ \ CO,Et elemental sulphur NC CO,Et
A MW, US Z |

- N
in case of 8a,b o N~

| |
Ar Ar

18 17
Scheme 8: Synthesis of thieno[3,4-d]pyridazinones
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In 2010, A novel environmentally benign methodoldgy the synthesis of thieno[3,4-d]pyridazinorigshas been
developed by Khadijah M. Al-Zaydi [33], avoidinghatile and toxic organic solvents. This neat reactinder both
microwave and ultrasound irradiations gave exceled of products with lesser reaction time.

Additionally, 1.G. Rathish et al. [34] synthesized series of novel pyridazinone derivatives bearing
benzenesulfonamide moiety22 by the condensation of appropriate aroylacrylicidac20 and 4-
hydrazinobenzenesulfonamide hydrochloriein ethanol in 9.1-16.2% yield. The b-aroylacryéicids 20 were
obtained by a Friedel Craft's acylation throughawed methods [35, 36]. The purity of the compoumdss

checked by TLC.
C,H; 0O O 0O
O = -
Anhy. AICIl;

e} 0
19 20
21 C,Hs
HCI 'HNWOSOzNHz \©—<_>:O
- N—N

Absolute ethyl

alcohol /reflux 22
SO,NH,

Scheme 9: Synthesis of 6-aryl-2-benzenesulfonamiggridazinones

2.Reactivity of pyridazin-3(2H)-ones

Recently, Wenyuan Qian et al. [37] reported the paration of substituted [1,2,3]triazole-fused
pyrazinopyridazindione tricycle?5 by a ‘click and activate’ approach in a four coments, stepwise condensation.
In the critical step of this process, the Cu(llatgted [3+2] triazol&4 formation not only activates the neighboring
group for the subsequent nucleophilic aromatic Sulti®n, but it also anchors an ester group atdésired location
for spontaneous cyclization with the nucleophilditgsh the tricyclic25 framework. As a result, a total of five new
bonds and two new rings are formed in a highly oizgzd fashion in one pot.

0 0 R3
|
(a) NaN, R Cl R N O
3 I~
| = N ] =
"nAl " NN N
N o click 1\\1 N\,_R, = T\\I R,
23 NQN N=N
"activate" (one-pot)
24 25

Scheme 10: synthesis of [1,2,3]triazole-fused pyrappyridazindione tricycles by a ‘click and activae’ approach

In 2004, a convenient and versatile synthetic aggitdo novel 1,3-oxazolo[4,5-d]pyridazine-2(3H) H{&liones29
(schema 11)and 1,3-oxazolo[4,5-d]pyridazine-7(6H)-or&(schema 12)s developed by Eugene B. Frolov. et al.
[38] The oxazole ring was formed upon reaction ednfino-4-hydroxy-3(2H)-pyridazinon28 with various
carboxylic acid derivatives using a microwave-assigprocedure, which favors the reaction time amdty of the
resulting products.
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Scheme 11: Synthesis of 1,3-oxazolo[4,5-d]pyrida&if2(3H),7(6H)-diones
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Scheme 12: Synthesis of 1,3-oxazolo[4,5-d]pyridazi¥ (6H)-ones

Additionally, Soliman’s group [39] reported the #yesis of 4,5-dihydro-6-(4-methoxy-3-methylpheng{(gH)-
pyridazinone derivatives. The synthesis of thet fissget compound, 4,5-dihydro-6-(4-methoxy-3 méthgnyl)-
3(2H)-pyridazinone31, was achieved by Friedel-Crafts acylation of csgtemethyl ether with succinic anhydride
and subsequent cyclization of the intermediary @-leeid with hydrazine hydrate. The Condensationarfipound
31 with aromatic aldehydes in the presence of sodathoxide affords the corresponding 4-substitutedzile
pyridazinones33a-d which are the tautomers of 4-arylidene derivaida-d The dihydropyridazinone3l
underwent dehydrogenation upon treatment with bmeraicetic acid mixture to give4. Pyridazine35 has been
synthesized upon the reaction of pyridazin@lewith 1,3-diphenyl-2-propen-1-one under the Michadtition

reaction.
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Scheme 13: Synthesis of 4,5-dihydro-6-(4-methoxy¥8ethylphenyl)-3(2H)-pyridazinone derivatives

The palladium-catalyzed cross-coupling reactionshabpyridazin-3(2H)-ones is a highly effective hed for
introducing different substituents in to the pydifne core. For example, the pyridazino[d}iSequiniolinone39
were prepared by Zsuzsanna Ried| et al. [40] thidhg cyclization of the biaryl Suzuki-Miyaura cdiag products
from the reaction of 2-benzyl-4-chloro-5-methoxyiggzin-3(2H)-one36 with 2-formylphenylboronic acid afforded
the corresponding biaryl produ@g which were cyclized with ammonia. Removal of Nvenzyl protective group
in position 2 yielded the unsubstituted tricycligridazinones39.
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Scheme 14: Synthesis of pyridazino[4,&lisoquiniolinone by Suzuki cross-coupling reaction

B. APPLICATION OF PYRIDAZINONE

Multiple properties of pyridazinone derivatives baween well documented for decades, and theirhattaats with
other heterocycles or metal ions often ameliofda¢eperformances depending on the type of substiarahposition
of attachments. For its versatility, pyridazinosebroadly applied in pharmaceutical and agriculturarein, we
introduce them separately.

1.Applications in Pharmaceutical Chemistry

A large number of pyridazinone and its derivatitiage been reported to possess diverse pharmacalpgaperties
such as antiviral, antiparasitic, antituberculami@nvulsant, analgesic, and antisecretory a@it Moreover,
much interest has also been focused on the artilfiotluding antibacterial and antifungal), ani@ammatory, and
anticancer activities displayed by compounds inocmaping other heterocyclic systems. Due to the edéifit
activities pyridazinone possess, we classify therfobows:

» Anticancer Activity
There are numerous reports available in the liteeat which indicate the potential anticancer effedf
pyridazinonegfigure 2).

CH, Cl Cl
"o \ ° g_gio
N—N N—N
SOzNHz OMe
N

Figure 2: Structures of various pyridazinones exhiliing anticancer Activity

Shamim Ahmad et al. [41] synthesized a series @#-Bydroxy-2-Methylphenyl)-2-(p-sulfamylphenyl)-4,5
dihydropyridazine-3(2H)-one by condensation of thaeppropriate B-aroylpropionic acid and 4-
hydrazinobenzenesulfonamide hydrochloride in ethaaod tested for anti-cancer, anti-inflammatory,dan
antimicrobial actions. CompoungD showed high activity against HL-60 (TB) (leukemi®R (leukemia), NCI-
H522 (non-small-cell lung cancer), and BT-549 (ktezancer) with a G150 value of less thauN\2. In addition, the
p-methoxydichloropyridazonél [42] displayed a good inhibition of tumour growthmice for the resistant MAC
16 cell line. Additionally, Murty's group [43] sym¢sized a series of new pyridazin-3(2H)-one derxieat All the
compounds were evaluated for their cytotoxicity aoavfive human cancer cell lines of different omigjiviz HeLa
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(Cervical), SKBR3 (Breast), HCT116 (Colon), A37%ki(§ & H1299 (Lung). The compoundk exhibited good to
moderate activity. In 2010, Taleb H. et al. [44paeed the development of a novel tetrahydro-2HaRgf3,2-

c]Pyridazin-3(6H)-one. The compourtB showed a good antiproliferative activity agains¢ tSK-BR-3 breast
cancer cell line.

 Anti-inflammatory, analgesic and antinociceptive ativities
Great attention has been paid to the compoundsaicimg a pyridazin-3(2H)-one moiety, due to theatgntial
biological activities as anti-inflammatory, analgeand antinociceptive ager(figure 3).

N S N=
0 _\ N 4\ /
50 | \Iil
o™y N F
HN—N\ — ) 51 \——/
0 N N F
_ \__/

52
Figure 3: Structures of various pyridazinones beang analgesic, anti-inflammatory and antinociceptive activities

In this study, eighteen new isoxazolo[4,5-d]pyrida4(5H)-one derivatives [45] were synthesized &ested for
anti-inflammatory activity in vitro (COX-1/COX-2,-bOX) and in vivo (rat paw edema assay). The mageim
compound44 exhibited the best anti-inflammatory profile byibiting. In addition to that, the 6-Phenylphenyl)-
2-(4-sulfamoylphenyl)-4,5-dihydropyridazin-3(2H)®mM5 [46] were prepared and evaluated for their anti-
inflammatory activity in carrageenan-induced ratvgalema model. This compoud8 exhibited anti-inflammatory
activity comparable to that of celecoxib (at 5In)another study, Compourth demonsstrated the greatest in vivo
activity with ED50 equal to 1@mol compared with celecoxib with no ulceration ba gastric mucosa [47]. M. M.
Saeed et al. [48] synthesized several series aflggine and pyridazinone derivatives and testedjva, for their
anti-inflammatory and ulcerogenic properties againdomethacin, as a reference compound. Compodiidsd
48 have shown a potent anti-inflammatory activity endhan indomethacin with rapid onset of action aate
gastric profile. In the MTT assay in vitro, bothngpounds were identified as potent and selective @0hibitors.

In 2012, Mohammad Asif [49] synthesized a series &@{m-Nitrophenyl)-4-sustituted benzylidene-4,5-
dihydropyridazin-3(2H)-Ones. This compoud8 showed significant analgesic activity when compiareontrol
group and were found less potent than referenog aspirin. Same 6-substituted-3(2H)-pyridazinorec2tyl-2-(p-
substituted benzal)hydrazone derivatives have gethesized and evaluated for analgesic and dtairimatory
activities by Gokce et al. [50] as analgesic anitiaflammatory. The structures of compounds wdteidated by
spectral and elemental analysis. The Compdhshowed good analgesic activity than acetylsalicgtid (ASA).
Also these derivatives demonstrated anti-inflammyatetivity as well as standard compound indomeatha8ide
effects of the compounds were examined on gastdcosa. None of the compounds showed gastric uleaiog
effect compared with reference nonsteroidal arftainmatory drugs (NSAIDs). Recently, Tiryaki et §l.3]
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reported the synthesis and pharmacological evaluatif 2,6-disubstituted-3(2H) pyridazinone derivas. The
compound51 showed the best analgesic and anti-inflammatotivibes without causing any gastric effect in
stomachs of tested animals. A series of 3-pyridams carrying morpholino, arylpiperidino and aiy§gazino
moiety in the position 6 [51] were synthesized amdluated for antinociceptive activity. In the nfoeti Koster test
in mice 4-(4-fluorophenyl) piperazing? was found the most active compound than aspirithénantinociceptive
activity test. In another study, Deniz S. Dogrueale[52] report the synthesis of a novel serfidsthe compounds
(at 100 mg/kg dose) have been found more potentdhpirin.

» Antihypertensive activity
Many research groups have been interested in 3¢2Hdazinones for the development of potential
antihypertensive agents.

6-(4-Ethylphenyl)-2-[(4-methylpiperazin-1-yl)methyd,5-dihydropyridazin-3(2H)-one [53] were synthesi in
order to determine their antihypertensive propsitig non-invasive method using Tail Cuff methode Tompound
53 showed good antihypertensive activity. A numbe6-gsubstituted phenyl)-2-(4-substituted phenyhi®xo-4,5-
dihydro-1H-1,2,4-triazol-3-yl)-4,5-dihydropyridazB(2H)-one derivatives [54] were synthesized analuated for
antihypertensive activities by non-invasive methisthg Tail Cuff method. The compoubd showed appreciable
antihypertensive activity comparable with that @ihslard hydralazine and propranolol.

N N—CH;,4 C,H 0
/N—N/_ — . \N—N
< > < >, Cl
C,Hs 0] 54 N %N /O/

Figure 4 : Pyridazinones as antihypertenseur agents

 Antimicrobial activity

Recently, Didem Tiryaki et al. [13] synthesizedsoime new 2,6-disubstituted-3(2H)-pyridazinone denes and
screened for their antibacterial and antifungalviies against some pathogenic strains. These oomgs might be
relatively good candidates to develop better angi& agents against C. albicans and C. kruseiddiitian, some 6-
(4-Chlorobenzoyl)-2-substituted-3-oxo-2,3-dihydrdggzine-4-carboxylic acid ethyl ester derivativigd] were
synthesized and evaluated for antimicrobial agtivithe compound5 were found to exhibit strong inhibitory
effects on the growth of Gram-positive bacteriaeegdly Bacillus subtilis, comparable to ampicillin, which was
used as the reference compound.

Cl

55

OMe

Figure 5: Pyridazinones as antimicrobial agents

The new various metal complexes of 5-benzoyl-4-bygi2-methyl-6-phenyl-2H-pyridazin 3-one were
synthesized. All the complexes were evaluated fairtantimicrobial activities against Gram-positiv@ram-
negative bacteria and fungi using microdilutiongadure. TheCd(ll) andNi(ll) complexes exhibited selective and
effective activities against one Gram-positive baam &aphylococcus aureus ATCC 6538), one Gram-negative
bacterium Pseudomonas putida ATCC 12633) and against two yeaSafidida albicans ATCC 27541 andCandida
tropicalis 1828) in contrast to poor activity observed ottmécroorganisms [56].
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Figure 6: Supposed structure of the M (II) complexe

H3

* Inhibitors of Hepatitis C virus (HCV) NS5B polymerase

In this study, 4-(1,1-Dioxo-1,4-dihydroxé-benzo[1,4]thiazin-3-yl)-5-hydroxy-2H-pyridazin<die [57] analogs
were discovered as a novel class of inhibitors @VHNS5B polymerase. Structure-based design ledhéo t
identification of compoun6 that displayed potent inhibitory activities in bi@mical and replicon assays (1b IC50
<10 nM; 1b EC50 = 1.1 nM) as well as good staptlitward human liver microsomes (HLM t1/2 > 60 min)

o. O
Y/ H
\S/ N\S/CH3
VN
O/ (@]

Figure 7: Pyridazinones as HCV NS5B polymerase inhitors
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Figure 8: Pyridazinones as antioxidants agents
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» Antioxidant Activity

Antioxidants are compounds that can delay, inhifitprevent the oxidation of materials that canokilized by
scavenging free radicals and help in diminishinglative stress. Based on these findings a seri@slgdyridazine-
3-one57 and 6-chloropyridazing8 [58] analogues was tested in vitro on superoxaimétion and effects on lipid
peroxidation were determined againstocopherol. Most of the compounds have strongbiitdry effect on
superoxide anion (between 84% — 99%) af M concentration. In addition, these compounds sftbwimilar
activity to a-tocopherol at 1® M concentrations. In another study, Cem Yamalale{59] synthesized of some
3(2H)-pyridazinon&s9 and 1(2H)-phthalazinong0 derivatives and tested for antioxidant propertidmost all the
synthesized compounds showed excellent activiti wihibition values in the range of 89.22 + 0.31.283+ 0.21
%, better than that of reference compound ascadiit (31.83 + 2.01) at 10 uM concentration, palsidy in the
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scagerg assay.

2.Applications in Agromedicine Chemistry
Pyridazinones have been used in numerous applisaitiothe fungal, weed, and insect control seatbegyriculture.

 Applications as insecticides and acaricides

The search for new, specific acaricides, which basn conducted mainly by research-based agrochemica
companies, has resulted in a number of compoundsiding selective mite control. For example, NC-129
(pyridaben)61, a pyridazinone derivative, is a new acaricide amkcticide discovered by Nissan Chemical
Industrial, Ltd. Japan, for controlling mites arahe insects such as white flies, aphids and th6@s NC-17062

is a highly selective juvenoid, and it strongly ilsite metamorphosis in planthopper when topicaibpleed to
midpenultimate larvae [61]. In addition, a total 20 new oxadiazolyl 3(2H)-pyridazinones were sysired by
Song Cao et al. [62]. The bioassay tests show gbate compounds exhibited good antifeedant actimitythe
Asiatic corn boreOstrinia furnacalis (Guenee) compared with commercial azadirachtire fEleding deterrency of

63 was 57% at 500 mg/kg concentration.

GO e

61 (NC-129)
CH3 al 62 (NC-170)

Cl

O
S ii
]
Naw 0)

Figure 9: Pyridazinones as insecticides and acarigs agents

 Applications as herbicide

Bean, G. A. et al. [25] reported the influence wb tpyridazinone herbicides 4-chloro-5-(dimethylaa)i2-u,0,0-
trifluro-m-tolyl-3(2H)-pyridazinone and 4-chloro{glimethylamino)-2-phenyl-3(2H)-pyridazinone repnese by
structuresb4, 65 respectively, on aflatoxin production by aspdugilflavus and A. parasiticus. This influence was
studied in liquid media. Mycelia production was rdtected by 20, 40 or 60 ug of herbicide per ndwbver,
aflatoxin production by A. parasiticus was higharmedia with herbicide, whereas A. flavus produtmaer
aflatoxin levels. Pyrazo%6 or PCA (amino-5-chloro-4-phenyl-pyridazin-3(2H)-dnappears for several years
among the herbicides and a number of publicatiamzerning the behavior of pyrazon in the soil. $ndnhd
Meggitt [63] reported that pyrazon remains the ooihgervable metabolite, this metabolite is alsoarmersistent
than the parent compound. These same authors,nstodeement pyrazon in the field [64], have showat ttwo
months after application of 2.7 kg / ha, 80 to 106f4he herbicide were in the top five centimetefsoil. The
study Smith & Meggitt [65] also performed on thesaxbtion of pyrazon appear that there is a stramgetation (r =
0.9) between the adsorbed amount and the rateilobrgmnic matter. In a study conducted in comparisvith
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aldicarb [2-methyl-2-(methylthio) propionaldehyde(@ethyl carbamoyl) oxime§7 to show pyrazon resisted well
to the training by leaching [66].
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Figure 10: Pyridazinones as herbicides agents

CONCLUSION

Pyridazinones has been a subject of intensive mese@his heterocyclic moiety has great biolog&ighificance. A
vast literature has been accumulated over the yaadschemistry of pyridazinone continues to be assBming
field. The anticancer, anti-inflammatory, analgesiatinociceptive, antimicrobial and antihypertersactivities are
the most encouraging activities for the chemistsgrmacologists and researchers. Ultimately, thearet on
insecticides, acaricides and herbicides activiti@s given positive results. In this review, we hawestigated the
synthesis and biological activity of various pydd®ne derivatives, mainly focusing on the mosepbimolecules
which exhibited the higher biological profile.
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