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ABSTRACT

Over the past decades, literature survey revediatl many naturally occurring and synthetic coumatterivatives
have been discovered and biologically evaluatedafdiroad range and diverse biological activitiehisl review
provides a systematic summary and insight of thelewtange of medicinal chemistry in the currentelepments of
coumarin compounds and some overview on photodhanpy, linear (psoralen) and angular (angelicin)
furocoumarins and structure-activity relationshigee also discussed. The perspectives of the futewelopment of
coumarin based medicinal chemistry are also presgnt
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INTRODUCTION

Coumarins aren-benzopyrones which are abundant in plant kingdfound inessential oils (lavender, cassia,
cinnamon) and produced by microorganisms. Theypaoeluced by plants as growth regulators and toeptot
themselves against predator. Coumarin also repiesies core structure of several molecules withriplageutical
importance, such as novobiocin and coumaromycirr@ve years, numerous derivatives of coumarin hen
used as anticoagulantagents as they resemble wmit&mitructure. They have been used as antimicrobial
antibacterial, antifungal, antioxidant, antitumanti-HIV, anti-hypertensionanticoagulant, anticancer, antiviral,
anti-inflammatory and analgesic, antidiabetic, depiressive.

Coumarins

A series of hydroxy-3-arylcoumarins was reportedhave antioxidant properties and in particular coomal 1was
the most effective antioxidant of the series.[1]
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1

Budzisz et al[2] investigated the cytotoxic effects and alkiyigt activity of coumarin derivatives and their
phosphonic analogues, compou2dsc were found to possess a very high alkylating #gtiv

R,
Rl \ P(O)(OMG)Z a R1:CH3 y R2=CH3
b Rl:H y R2=Ph
o O cRy;=H , Ry,=(CH,),Ph
2a-C

In addition, coumarins are reported to possessitmdtaimoatory activity. Luchiniet a[3] tested the intestinal anti-
inflammatory activity of coumarii® and 4-hydroxycoumarihon experimental ulcerative colitis in rats duetto
anti-inflammatory activity. The results obtainedgeealed that the coumarin and 4-hydroxycoumariroaed of 5, 25
mg/kg, significantly attenuated the colonic damagkiced by trinitrobenzenesulphonic acid (TNBS)euaslenced
macroscopically, microscopically and biochemicalhhis effect was related to an improvement in tléomic
oxidative status, since coumarin and 4-hydroxycaimprevented the glutathione depletion that omxliras a
consequence of the colonic inflammation.
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Interestingly, 7-hydroxy-8-methoxycoumasindaphnetié and daphneticifinduced potent inhibition effect on
hepatitis C virus protease NS3/4 A, and can beegpls prophylactic against hepatitis C.[4]
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Moreover, a series of novel 3-phenylcoumarin deéives were synthesized and evaluated for antideprgs
activity. Remarkably compoun8sn®were reported to possess antidepressant activwgrgtow dose.[5]

7~
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In addition, coumarin analogues with phenylpipaerazir benzoylpiperazine functions were synthesaeatistudied
for their potential to treat Alzheimer. Compouriflsand11 showed potential activities.[6]
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A series of coumarin derivatives were evaluatedieir antihyper-glycemic activity. Compoud@emerged as the
most potenti-glucosidase inhibitor in present series of compisui]

12
Warfarin 13 is the most commonly used oral anticoagulant. ds lestablished efficacy for the prevention of
thromboembolic events in patients with chronicaaffibrillation, prosthetic heart valves, venousottmnboembolism,
and coronary artery disease. [8,9]

13

Thakuret a[10] evaluated the hypotensive activity of dihydyepoumarin and its congeners. They found that, the
naturally occurring dimethoxycoumarin, Scoparbtieas maximal activity, more significant tharokmethyl dopa.
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Moreover, Quezadat a[11] synthesized a new series of 6-chloro-3-[2-bygphenyllcoumarins and evaluated
their vasorelaxant activity. Compoufii had the highest vasorelaxant activity among théhegized series.

15
A series of bis-chromenyltriazole hybrids-dwere synthesized under click reaction conditidntimycobaterial
screening data reveal that the synthesized compashmived significant activity.[12]

~
a: R=CIl, R'=H
b: R=H, R'=ClI
c: R=Br, R'= H
d: R=CH;, R'=

16 a-d

Interestingly, a numerous number of naturally odagrand synthetic coumarin derivatives were digged and
biologically evaluated to possess photosensitiaimg) antibacterial activities.

In 1956, clinical trials revealed the antimicrobgativity of Novobiocinl7, which is aminocoumarin produced by a
species of Streptomyces.[13]
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However, in 2014, a series of synthesized compqupaiticularly CRMN318 showed broad spectrum antibacterial
activity [14].

o]
AN
Br
(6] O
18

A series of coumarin derivatives were evaluatedpaiential antibacterial agents against Gram pesitrains.
Compound9 was found to be the most potent derivative of skises.[15]

O/\/\N/ﬁ
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~
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19
A series of amino derivative®0a-g of 4-hydroxycoumarins were synthesised and evetldbr antimicrobial
activity against 13 different types of bacteria.s@tved data indicated strong antibacterial activityall tested
amino derivatives.[16]

OH 7a: R=ph
R b: R= p-tolyl
X N c: R= m-tolyl
H d: R= o-tolyl
o o e: R=p-NO,-phenyl
f: R= m-NO,-phenyl
20 a-g g: R=Benzyl

Recently, Karatast a[17] synthesized new coumarin substituted silye¥cheterocyclic carbene (NHC) complexes
2l1a,b by the interaction of the corresponding imidazwlichlorides and Ag in dichloromethane at room
temperature. The antimicrobial activities were @¢dstgainst gram-positive, gram-negative and furggedins.
Results showed that all the tested compounds irilthe growth of the all bacteria and fungi sain
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Photochemother apy

Photochemotherapy, sometimes called Photodynangcaply (PDT), is a treatment method in which light
(nonionizing radiation) of an appropriate waveléngg used to induce a therapeutic response in pecesef
photosensitizing drug (phtosensitizer).[18]

Light must first be absorbed by photosensitizingrdagto produce its effects when administered tdlyicar
systemically. After absorption of photons, the chaphore is excited and undergoes a chemical reattiat
induces biological responses. At the dose useghotochemotherapy, the combined action of the Heotsitizing
drug and light give the therapeutic effect.[18]

Photochemotherapy is generally used for treatmétyperproliferative skin diseases such as psajasniycosis
fungoides. In skin diseases, a combination of penrand radiation in the interval of UV-A (320-406), is called
PUVA [therapy derived from psoralens and UV-A].[18]

The pharmacologic concept of photochemotherapyehasdated in 1967, although it was used in Indid Egypt
since 1200 and 2000 B. C., respectively. Photoctieenapy for vitiligo disease was practiced in theiant world

by herbalists, who used boiled extracts of Pso@degifolia seeds in fruitAmmi Majusin Egypt, these plants
contain psorale22, xanthotoxin (8-methoxypsoralen or 8-MOE) and bergapten (5-methoxypsoralen or 5-MOP)
24.[19]

22 23 24

Early, in 1974 the antiproliferative effect of patan was attributed to its ability to photoreactm\ibNA and block
its biologic functions and cell division. It wasndered that, the light (UV-A) is necessary to tohactivate the
psoralen and affect only skin layers (the stratommeum, the epidermis, and partly the dermis) awided to treat
skin diseases characterized by hyperproliferatioeditions, such as psoriasis, with systemic psoraled UV-
A.[19]

Furocoumarins [Furobenzopyrones)

Furocoumarins are an important natural compoundiatisd mainly from higher plants. These compounds a
derivatives of the linear furocoumarin (psorale2d), or its angular isomers angelicin (isopsoral@3) and
allopsorale6.?”!
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27

Furocoumarins such as psorden xanthotoxi23, bergapte®4 and the synthetic trioxsalen (4&
trimethylpsoralen or TMpP27are widely used in photochemotherapy for the treatnof some skin diseases (e.qg.
psoriasis, vitiligo, mycosis, and eczenfa?* as well as bacterfal’ and fungdf® infections. Some derivatives are
also used as biological probes to investigate thectsire and function of nucleic acid in the fiedfl molecular
biology*”! In addition, psoralen have been used in extracegdgphotochemotherapy to treat cutaneous T-cell
lymphoma®?®! human immunodeficiency dise&Skand prevention of organ transplants rejectidrOther activities
included anti-inflammatory, anticoagulant, antiisinic, anticonvulsant and antialzehimer.[31,32]orpten
derivatives are also recognized as effective uvitalcagents[33,34], especially againist envelopegses such as the
herpes simplex virus or human immunodeficiencysiype | (HIV-1). [35]

In addition to PUVA and antibacterial activitiesirther studies showed that some furocoumarins asalgs 22,
xanthotoxin 23 and B3-isopropyloxypsoralen28 possessed tuberculostatic activity, while berg#fteand
isopimpinellirR9 were found to exert a molluscicidal activity.[36]

OCH,

28 29

Interestingly, new substituted pyridazinopsoralendtives30a-fwere studied for their photobiological properties.
they showed comparable photo-antiproliferative@ftand in some cases better than that of xantho{8xi]
Ry

CH3

30a-f
a.R1=R2=H
b.R1=CONH(CH2)3N(CH2CH3)2,R2=H
C.R1=R2=CONH(CH2)3N(CH20H3)2
d.Ry=R,=CONH(CH3)3N(CHs),
e.R1=R2=CONH(CH2)2N(CH20H3)2
f.R4=R,=CONH(CH,),N(CH3),

Furocoumarin analogues ass4diphenylfurocoumaringla,b were found to possess anti-infertility activity8[39]
while benzofurocoumarB2 was well known for its estrogenf@ and insecticidal activitie4"
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In 1998, antiproliferative activity of compoun@3-35 were reported.[42]
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Some new furobenzopyrones were synthesized andiaedl for their antimicrobial and photochemotheundipe
activity previously in our laboratory. Compound@8 and 37 exhibited antimicrobial activity higher than thait
xanthotoxin, while compound38 and39 exhibited better photosensitizing activity thamtkeotoxin. In addition,
photosensitizing activity was increased upon ingirgatime of radiation and concentration of subetg[43,44]

38 39

Angular furocoumarins (angelicin)
Angelicin, $H-furo[2,3-h]-1-benzopyran-5-on25 is an angular furocoumarin which is the parent poumd of
naturally occurring derivatives. It was first isidd from roots ofAngelica archangelicd.. in 1934 by Spath and

Pesta.[45] Subsequently, 8-methoxyangel#in 9-methoxyangelicidl and 8,9-dimethoxyangelic#i2derivatives
were also isolated from natural sources.
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Angelicin and its derivatives were studied by Masand coworkers[46,47] and Pathak and Fitzpa{d&j.

Musajo and Rodighiero[49] in 1962 reported popihotosensitizing activity of angelicin. On the @th hand
Pathak and Fitzpatrick [50] found that 4,5'-dighéimgelicin, DMA43 lacked skin-phototoxicity.

£

Later on, in 1972 Musajo andRodighiero[51] discedethat furocoumarins are able to photobind sekdgtwith
DNA. They found that angelic®® has a puzzllng behavior, despite its lack of sphototoxicity, exhibited
appreciable DNA photobinding even lower than tifaither psoralens.

In the meantime Dall' Acqe al[52] demonstrated a study led to a furocoumariassification as:
(a) Bifunctional furocoumarins: those able to form isteand crosslinks in the photoreaction with DNA,
(b) Monofunctionalfurocoumarins: those able to formyamlonoadducts in the photoreaction with DNA.

Choet al[53] has reported that angeli@l) the parent angular furocoumarin isolated frorura plants is able to
inhibit Iytic replication of both murine and humaamma herpes viruses during the early stagecofiavo
infection. Angelicin treatment down-regulates egsien of viral gene transcripts as well as genoepiaation,
leading to reduction of plaque formation.

~
o (@) @]

A series of angelicinheteroanalogues, in whichftlhan was replaced by thiophene was synthesizeceealdiated
for their antiproliferative activity. The new thiogeliciM4showed higher antiproliferative activity than thaft

angelicin.[54]
AN
S o) o
44

Interest in developing furocoumarinisosters isl stiinsidered. Pyrazolocoumarins were designatedhich 1-
substituted pyrazole moiety replace the furan ringangelicin nucleus. Compourdba showed good anti-
inflammatory and antipyretic properties while corapd45b showed significant local anaesthetic activity.[54]
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COOCH;

(45a) R= CHs
(45b) R= CgHs

In addition, the antifugalactivity of a number afgalar furocoumarin derivative$6a-c were investigated. It was
found that the free 6-OH is essential for antifuregdivity. [55]
R

RO
AN

o o” o

J—

46a:R=H R'=H

46b: R=H R'=PhCH,

46c: R= Me R'=OMe
Structure activity relationship
1- SAR studies of angular furocoumarins have shownittteoduction of one or two methyl groups at piosis 5
or 4,8 respectively in the angelicin molecu2& led to increase in complex formation with DNA ccemngd with
parent angelicins. This was attributed to the iaseein hydrophobicity and photobinding capacity doig
DNA.[56] On the other hand, these methyl angelidaiits not provoke any skin phototoxicity but showadch
lower mutagenic effect than psoralen, as they wesged to react monofunctionally with DNA.[57]

2- Presence of methyl group in position 6 of angelitiarkedly enhanced the DNA photobinding in compueris
with the parent angelicin. The role ofthe positafnthe methyl substituent in terms of DNA photobirgihas the
following order 4 > 6 > 5 > 5> 4P®¥ntroduction of a second methyl group in the 4 bpdsition to 6-methyl
angelicin as in compound4$/ and 48 respectively led to further increase of the phitdimg to DNA.[58]In
addition, introduction of a third methyl group tenthyl angelicin led to the most promising compbuh6,4'-
trimethylangelicind9.[59]

CHs
CHg c
3 H5;C
HsC N $ X
AN
o) o o o o o
o) o o — _
CHs CHs
47 48 49

3- In continuing research to modify the lipophilic caeter of 4,5'-dimethylangelicin , hydroxymetb@é,
methoxymethyb0b, and aminometh$Dc groups were introduced to 4' position. When a dygmethyl group is
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introduced into the 4' positidsDa, the affinity in the dark for DNA complex formatias only slightly lowered. On

the other hand, when a methoxymethyl group is thtoed into the same positiéab, the extent of complexation is
markedly decreased. Finally, compowtitdemonstrates a very low photobinding capacity, deerer than that of

reference angelicin. The new derivatives lack gkintotoxicity.[60]

CHs
N 50a: R= CH,OH
50b: R= CH,OCH,
o o~ Xp 50c: R= CH,NH,
_ 50d: R= CH,NH,.HCI
H4C R
50 (a-d)

However, introduction of a cationic group in 4' pios of 4,5'-dimethylangelicin, as for the hydhbaride of 4'-
(aminomethyl)-4,5'-dimethylangelicis0d, strongly increases the binding parameters ofctiraplex formed with
DNA.[60]

4- In addition, 4,4dimethyl-5-methoxyangelicirbl and 3,4dimethyl-5-methoxyangelicirb2 showed better
antiproliferative activity with low skinphototoxiti for compoundb1.[61]

g CH o
N -
o o~ o o o~ o
CHs CHs
51 52

5- Early in 1960, it was reported that compounds wrige phenolic group as xanthotoxol (8-hydroxypsemab3
and bergaptol (5-hydroxypsorale®? were inactive, while their methylated derivativ@anthotoxir23 and
bergapteB4 respectively were photo-dynamically active.[62]

53 54

6- Introduction of acetoxy or benzoyloxy substitueatghe 8-position in psoralen resulted in markes$ lof the
photodynamic activity which is markedly reducedetiminated upon blocking the 5 and 8-positions. c@ntrary,
they found that psoralen derivatives, 8-(2-propery) 55 was very active, while 8-methoxy-5-(2-propeny or
8-methoxy-5-(3,3-dimethyl-2-propenyl)psoralghwere weakly active.[63]
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CHz-CH:C(CHg)Z

OCHs

55 56 57

7- Concerning antimicrobial activity, presence of-8ishethoxyphenyl substituent at C7 of coumésénor C3 of
angelicirb9, enhance their antimicrobial activity. This wasihtited to possible hydrogen bonding with amindaci
residues in the active site of DNA gyrase enzyn8.[4

OCH,

CHj
HsCO
o) o~ Yo

(0]

58
CONCLUSION

Summary for all the above mentioned, coumarin campge have been extensively investigated in medicina
chemistry. They have clearly exhibited overwhelmpuajential applications not only as anticoagulamtijcancer,
antioxidant, antibacterial, antifungal, antivirahti-inflammatory and analgesic, antidiabetes, atiter bioactive
agents, but also as potential photochemotherapagtots. More and more coumarin-based chemicalsdit
better curative effects, strong pharmacologicals de effects and toxicities for biologically ionfant species will

be successfully developed and enter in clinical, wg@ch will undoubtedly make remarkable contribas to
protect the human health.

REFERENCES

[1] Matos, M. J.; Pérez-Cruz, F.; Vazquez-Rodriguez\U8arte, E.; Santana, L.; Borges, F.; Olea-Afar Bioorg.
Med. Chen2013, 21, 3900.

[2] Budzisz, E.; Brzezinska, E.; Krajewska, U.; Rozalkk; Eur. J. Med. Cher003, 38, 597.

[3] Luchini, A. C.; Rodrigues-Orsi, P.; Cestari, S. Heito, L. N.; Witaicenis, A.; Pellizzon, C. H.; Biasi, L. C.;
Biol. Pharm. Bull2008, 31, 1343.

[4] Katsori, A.-M.; Hadjipavlou-Litina, D.Expert. Opin. Ther. P&2014, 24, 1323.

[5] Sashidhara, K. V.; Kumar, A.; Chatterjee, M.; R&0,B.; Singh, S.; Verma, A. K.; Palit, GBioorg. Med.
Chem. LetR011, 21, 1937.

[6] Zhou, X.; Wang, X.-B.; Wang, T.; Kong, L.-YBioorg. Med. Chen008, 16, 8011.

[7] Raju, B. C.; Tiwari, A. K.; Kumar, J. A.; Ali, A. ZAgawane, S. B.; Saidachary, G.; MadhusudanaBkgrg.
Med. Chen2010, 18, 358.

[8] Nicholson, J. H.; Leavitt, TNew. Engl. J. Med956, 255, 491.

[9] Ikawa, M.; Thesis (Ph.D.)-University of Wisconsin-Madiskg48.

[10]Thakur, R.; Bagadia, S. C.; Sharma, Experiential978, 34, 158.

[11]Quezada, E.; Delogu, G.; Picciau, C.; SantanaRadda, G.; Borges, F.; Garcia-Morales, V.; Vifig,@allo,
F.; Molecules2010, 15, 270.

[12]Naik, R. J.; Kulkarni, M. V.; Sreedhara Rangana#i, KK.; Nayak, P. G.Chemical biology & drug design
2012, 80, 516.

72



Nehad M. A. Eldydamony et al Der Pharma Chemica, 2016, 8 (15):61-74

[13]Pearson, J. Z.; Somberg, A.; Rosenthal, I.; LepperH.; Jackson, G. G.; Dowling, H. FArch. Intern.
Med 1956, 98, 273.

[14]Kasumbwe, K.; Venugopala, K.; Mohanlall, V.; OdhBv;, J. Med. Plants Re&014, 8, 274.

[15]Wang, S.-F.; Yin, Y.; Wu, X.; Qiao, F.; Sha, S.;,[R.-C.; Zhao, J.; Zhu, H.-LBioorg. Med. Cher2014, 22,
5727.

[16] Vukovic, N.; Sukdolak, S.; Solujic, S.; Niciforoyibl.; Food chemistry010, 120, 1011.

[17]Karatg, M. O.; Olgundeniz, B.; Gunal, S.; Ozdemir, Alici, B.; Cetinkaya, E.Bioorganic & medicinal
chemistry2015.

[18]Parrish, J. A.; Stern, R. S.; Pathak, M. A.; Fiteigk, T. B., Photochemotherapy of skin diseas&sThe
science of photomedicinRegan, J.;Parrish, J., Editot882, Springer US. p. 595.

[19]Parrish, J. A.; Fitzpatrick, T. B.; Tanenbaum,Rathak, M. A.New. Engl. J. Med974, 291, 1207.

[20] Pathak, M. A.Eds., Tokyo, University of Tokyo Prd€54, p 495.

[21]Grundmann, M.; Ludwig, R.; Zollner, T. M.; OchsenfloF.; Thaci, D.; Boehncke, W.; Krutmann, J.;
Kaufmann, R.; Podda, Rl; Am. Acad. Dermat@004, 50, 734.

[22]Park, J. H.; Lee, M. Hint. J. DermatoR004, 43, 138.

[23]Diederen, W. A.; Weelden, P. V. M.; Sanders, H.pfstra, C. J. G.; Vloten, JI; Am. Acad. Dermat@003,
48, 215.

[24] Petering, H.; Breuer, C.; Herbst, R.; Kapp, A.; YW&rT.; J. Am. Acad. Dermat@004, 50, 68.

[25]Farag, N. A. H.; EI-Tayeb, WEur. J. Med. Cher010, 45, 317.

[26] Chakraborty, D. P.; Gupta, A. D.; Bose, P. Knn. Biochem. Exptl. Med. (Calcutt®57, 17, 59.

[27]Islas, A. L.; Vos, J. M.; Hanawalt, P. ©Cancer Re4991, 51 (11) 2867.

[28] Edelson, R. L.Arch. Dermatol1999, 135, 600.

[29]Jacques, G. JErench Patenfl994, 2, 698.

[30]Legitimo, A.; Consolini, R.; Stefano, R. D.; Benell, W.; Mosca, F.Blood Cells Mol. Di002, 29, 24.
[31]Zawia, N. H.; Lahiri, D. K.; Cardozo-Pelaez, Free Radic. Biol. Me@009, 46, 1241.

[32] Singhuber, J.; Baburin, I.; Ecker, G. F.; Kopp, Bering, S.;Eur. J. PharmacoR011, 668 57.

[33]Miolo, G.; Tomanin, R.; Rossi, A. D.; Dall'Acqua,; Zacchello, F.; Scarpa, MJ. Photochem. Photobiol.
B.1994, 26, 241.

[34] Goaster, J. LErench Patenfl993, 2, 629.

[35]J. North; H. Neyndorff; Levy., J. PJ; Photochem. Photobiol. B: Bi&@93, 17, 99.

[36] Schonberg, A.; Latif, N.J. Am. Chem. Sd954, 76 (23) 6208.

[37]Dalla Via, L.; Gia, O.; Marciani Magno, S.; Brag®, Gonzalez-Gémez, J. C.; Pérez-Montoto, L. Gialte,
E.; Bioorg. Med. Chen2010, 18, 5708.

[38] Ahluwalia, V. K.; Khanduri, C. H.lnd. J. Chen1989, 28 (B) 599.

[39] Geetanjali, Y.; Rajitha, B.; Rao, M. Kind. J. Cheni983, 22 (B), 164.

[40]Ahluwalia, V. K.; Mittal, B.; Metha, V. D.Ind. J. Chen1988, 27 (B) 179.

[41]Rao, P. P.; Srimannarayana, (Bd. J. Cheni983, 22 (B) 945.

[42]Conconi, M. T.; Montesi, F.; Parnigotto, P. Plarmacol. Toxicol998, 82, 193.

[43]El-Ansary, S. L.; Hussein, M. M.; Abdel-Rahman, B2; Hamed, M. I. A.-L..Der Pharma Chemic&014, 6,
169.

[44]El-Ansary, S. L.; Hussein, M. M.; Abdel-Rahman,B; Mohammed, I.-L. H.Life. Sci. J2012, 9, 1114.
[45] Sp th, E.; Pesta, OBerichte der deutschen chemischen Gesellschafhd/BaSeries)934, 67, 853.
[46]MUSAJO, L. a. R., G. Photophysiology1972, 115.

[47]MUSAJO, L., RODIGH1ERO, G. and DALL'ACQUA, F.Experiential965, 21, 24.

[48]PATHAK, M. A. a. F., T. B. J. Invest. Dermatdl959a, 32, 255.

[49]Musajo, L.; Rodighiero, GExperiential962, 18, 153.

[50]Pathak, M.; Fitzpatrick, T. BJournal of Investigative Dermatolo§959,32, 509.

[51]Musajo, L.; Rodighiero, GPhotophysiology972, 115.

[52]Dall’Acqua, F.; Marciani, S.; Ciavatta, L.; Rodighd, G.;Zeitschrift fir Naturforschung B971, 26, 561.
[53]Cho, H.-J.; Jeong, S.-G.; Park, J.-E.; Han, J.Kang, H.-R.; Lee, D.; Song, M. JAntiviral research2013,
100, 75.

[54]Luisa Mostia, Eleonora Lo Prestia, Giulia Menozz&hristine Marzanob,; Francarosa Baccichettib, G. F
Walter Filippellic, Brunella Piuccid] Farmaco1998, 53, 602.

[55] Soroush Sardari, Y. M., Kiyoshi Horita, Ronald Micetich,; Daneshtalab, S. N. a. MBjoorganic &
Medicinal Chemistry1999, 7, 1933.

73



Nehad M. A. Eldydamony et al Der Pharma Chemica, 2016, 8 (15):61-74

[56]Dall'Acqua, F.; Vedalda, D.; Guiotto, A.; RodigloerP.; Carlassare, F.; Baccichetti, F.; Bordin, J.Med.
Chem1981, 24 (7) 806.

[57]Venturini, S.; Tamaro, M.; Monti-Bragadin, C.; Bard F.; Baccichetti, F.; Carlassare, FChem. Biol.
Interact1980, 30, 203.

[58]Guiotto, A.; Rodighiero, P.; Manzini, P.; Pastoyi@i.; Bordin, G.; Baccichetti, F.; Carlassare,\Fegaldi, D.;
Dall’Acqua, F.; Tamaro, M.; Recchia, G.; Cristofolini,;N. Med. Chenl984, 27 (8), 959.

[59]Dall'Acqua, F..Biochem Pharmacdl988, 37, 1793.

[60]Dall'Acqua, F.; Vedaldi, D.; Caffieri, S.; Guiotté,; Rodighiero, P.; Baccichetti, F.; Carlassare,Bordin, F.;
J. Med. Cheni981, 24, 178.

[61] Conconi, M. T.; Montesi, F.; Parnigotto, P. Phiarmacol. Toxicol998, 82 (4) 193.

[62]Elderfield, R. C.; Willey, P. I. JHeterocyclic Compounds, Lond@g860, 2, 1.

[63]Loutfy, M. A.; Abu Shady, H.J. Pharm. Scl977, 66 (11), 1

74



