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.- ABSTRACT . .

>4

AnE}vir;] ;hemotﬁerapy ha§ presented a Aajor cha}1enge to medical
é;c1ence. Numerous abﬁ1v1ra1 compounds have heef reported’ in the
11terature. but only a few of them have been studied cldd1cafly and
very few are ava1lab1e on the market. These drugs afel'effectjvo
‘on1y against spec1f1c v1ruses. L " The search for 'effect1ve antiviral
agentgl which have a broad spectrum of adtivity with Tow tox1c1ty is
continy1ng, o s '
A novel class. of ant1v1rai:agent (the aryloxya1k§1 d{ketqnes).'was
recently’ discovered and fo;i;_n‘d to Zoisess br'oad'r‘spectr"um ant‘:1ly1.ra1
activity.j Further studies onltﬁis seﬁigs have reshltfg;in che?othﬂraQ
peutic agenté such -as. 4—[6~(2-ch1oro-4¥methoxyphenoxy)hexy1ﬂ-3 5~
diethy1—1H~pycazo\e methanesu]fonate. 6 (WIN 41258—3). 5—[7 (2 -chloro-
4-methoxxphenoxyhepty]]:3—methy11soxago]e. 9 (NIN 49321) and 5—[7 [4—
(4.S-dihydro—Z;oxaz;]yl)phenoxy]hepty]]-3;methyltsoxazo]e. 15 '(NIN
51711}. with activity against,rﬁihoViCus-?. poiiovinus-2 dnd\ herpes
simplex viruses. Further invegtiggtfon. based ;n viral ' receptor °
studies, on 'tﬁe‘ modification'of 15 (NfN 51711) has regulted in the
compound 15a (WIN 52084) with a QCH3 substituent at téé 4—positfon of_
the okazoliné'ring. ‘This”compound“lgg was found to pos;ess the best
activity against human rhinovirus-2 Aqd -14, |
This research . project involves a syStematic stfucture—activity
study of oufids such as WIN 41258-3, WIN 49321 and Hlﬁ; 51711, 1h‘

which I determined the effect of‘changes in sfructufa]ﬂcoﬁpénents of

. the molecule on activity. The effect of éhanges in tﬁe‘heterocyclip

T i
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»

system, the aryl system and in the connecting (spacer) bqfﬁoq'chain on’
activity were studied. The compounds'prebared yere‘tested in vitro by

a plaque red@ct1on assay method against_hgrpes s1ﬁplg§‘V1rys 1 fﬁ Veno

cells. . Our studi;s tndicate that changes 1in tpe,heterocyéﬁic moiety

such as the use of/-isoxazoles, pyrazoles, isothiazoles, triazoles and

i

Ymidazoles result in active compounds. Compounds with the -O-aryl

.

.system arw also active but the ‘activity decreases when the -0~aryi is
‘repdaced by -Br and a heterdiryl/;roup. Compounds with -O-heteroary]

systems are also active. Co‘?ecting carbon chain lengths of 6 and 7

fn the §ompounds result in comparab1e‘aét1v1ty and prodﬁceythe most

‘

active “compounds. The’inciusioﬁ of sulfoxide or sulfone gfqups in
the‘molecﬁ;e.enhancés the Sctibity.

L believe thatiour.work~hqs led to the'deve1opmént of.sevekal new
Eompounds which have antiviral._activity part1cu]ar1y  against

herpesvirus. L.

s
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1.1. Viruses as infectious agents - . .0

Miqrqoﬁganisms' sdch as bacter1@;' fungi“ehd protozoa consist 'of
11v1ng cells which possess suff1c1ent btocbemical machinery for their

rep11cat1on. Thif' synthesize their own. s&ructurhl and functionu]

| macromolecules; their genetic 1nformat1on is stored transmitted. and

hodified in. the. form of doub]e-strahded DNA ’ and they feproduce

L without,]osing the fundamental integrity of thejr basic cellular unit,

Viﬁgses fbﬁstitute a unique class of infectious 'Sgents. They are
‘ : : ’ -
acellular 1nfect1ous particles which are incapable of metabolic

act1v1ty outs1de the ]1v1ng ce11s. The1r genetic 1nformat10n is ‘stored

J!:g1ther in the form of DNA or RNA, and_can only be expressed within a

living cell, at the expepserf that cell's own enerﬁy and metabolic

machinery. ) /

Viruses infect virtually a11 11v1ng ofgan1sms. Many 'different
- N (‘3

viruses- aée known wh1ch infect human beingsT It 1s estimated that

viruses cause more than 607 of the 1nfect1ous d1seases. including the

" common colg. influenza, bronch1t1s, hepat1tis. herpes genitalis and
‘ , N g

labialis, poliomyelitis, gastroehteritis. and rabies, as well as many-
common childhood diseeses}11ke_ch1cken;poi, meas1es_andrmumps.‘0ne of

the most dreadﬁ?] diseases recently encountered is ~Acquired Immune

/

Deficiency Syndrome (ALDS). is also caused by a virus.

o

—
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1.2. fireatment of viral infections ' : ‘

1.2.1.‘Prob1ems in antiviral therapy

The deyelopment of compounds useful for the prophylaxis and

.therapy of v1nel diseases has presented more d1ff1cu1t problems than
those .encountered in the §§2i5> for chemotherapeutic agents effective

in disorders_'c;used by ot micdoorgahjsms. *This s because, in,

.

"contrast to most ‘other 1nfectious agents, * viruses are ob1§gate

1.
-

1ntrace11u1ar paras1tes that require the active participation of the
metabolic processes of the 1nvaded eel].
StrUCture ofla virion ' h i , . A 2

1 [R— -
: A V1r1on. a mature virus part1c1e. c0nfa1ns one type of d‘l]eic ,
acid either RNA ar DNA in s1ng1e strandeqror double- stranded form.
Most DNA—containing viruses’ have doub1e-stranded (DS) DNA, while most
of the RNA viruses have s1ng1e—stranded'(SS) RNA.  The viral nucleic

acid is surrounded by a protein coat, called the capsid (Figure 1.1).

The nucleic acid and the eapsid together constitute the nucleocapsid.

] ’ . \ ) .
The capsid is made up of a large number of capsomers held together by
noncovalent bonds: Each capsomer consists of one or more polypeptide
chainsef The capsid may be naked or enclosed within a lipoprotein

envelope, Some virions have virus specific enzymes such as transcrip- é

" tases or polymerases.
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Figure. 1.1 Schématic diagram of the structure bf:an enveloba
y (taken from Ref. 1 with permission)

2

1 r10n

i

of

Viruses have a‘uniQue mode of reprqduction as tﬁéy multiply only
within the vhoét cells and are ftot;lly dependent - on them ‘for.
rép]icatiqn. With some'virusés.  %or example, herées simplex virus
(HSVil variou;"stkuctura] components are synthegized in ‘different
compartmenﬁs of the host cell and are finaily as;eﬁﬁ]ed into. whole
virions, ' o | Jg

The' major problem 1nicﬁemotherapy is;one-nipselective toxicity:
How t6 inhibit or interruﬁt thg cycle of‘;ira1 “replication without
interferiﬁg‘zwith ﬁhe macromolecyles of the host ce117.3Viﬁ§1 _growth .
can. be inhibited by compoﬁﬁéjQEFlEE)”interferé with RNA or DNA
synthesis, but these ;ubst?nges often.éffect bofhxvirus and host

cells. The absence of selective toxicity lihift the poss1b1é

therapeutic. use of many potential antiviral agents.
- ' ' 2

" Another problem “in antiviral bhémotherapy is that most of the

v & ’
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available éht191ra1 agents need to be administéred éar]y in the trépt— v
’ \

ment of viral infections. Thus ‘an agent may not be effective in tre

’1ng a v1ra] qnfeét1on Qith a long incubation period because the virdi

may be wei1 d1ssem1nateﬁ by the time symptpms of the disease: develop. \;
Drug resistaﬁce has also become an important consideration as !

some viruses susceptib]e gt antiviral agents have become resistant to

th; drug. ’ ’

"1.2.2. Requirements for an effective antiviral agent

' C&ﬁsfdering .the\above problems (tox1c1t¥. early Administration
and dru; resistance), we need to design éffective_-:;tiv1ré1 vdfhgs.#
with  broad _spectrum activity, that can satisfy the follating
requ1rements. The antiviral agent shou]d
(a) be sufficiently potent to completely 1nh1b1t vﬁra] \rep11cat1on

" A ' because incomplete inhibition may only prolong the disease.
(b) have favorable pharmacokinetic ‘properties so that drug “can
" reach the‘tdrget org;n where viral infection may bé localized.
(c) lack immunosuppréss;ve activity. |
(d) not be;susceptible_to thg‘development of resistant viral

variants.

(e) have selective toxicity; should not be toxic to the host cell.
, ‘

-1.2.3. Antiviral treatment presént]y available

o

A, Interferdnswénd'the1r inducers

In response.to a_variety of'inducing stimuli, Vertgbrate ce]]sl

. !



' doses, may cause some’ undesirab1e‘side effects

NENY 4 ~

W

synthesize proteins known as 1nterfe;ons.. which confer an antiviral
state on host cells through mefﬁ:nisms that' require further cellular
RNA and protein synthesis. The product1on of these protein 1nterferons
" 1s the main defense mechan1sm of the body during the acute phase of a
viral ‘infection. The three types of 1nterferons, Alpha. Beta and
Gamma, a}e produced by 1eukocytes. fibroblasts and T-]ymphocytes

respectively.

~

In most cases, these interferons. inhibit viral replication by

spreventing the transletion of viral mRNAz. Interferons can be prgpuced

in vitro by 1nduc1ng the1r synthes1s in 1ymph;%ytes with 1nact1veted

viruses, bacter1aT endotoxins and dsRNA3 4 5. Igterferons have been

cloned and expressed in bacteria6'7. Since topical 1interferon is

rapidly _e]eareqx,from the nasal passagea. purified ' and recombinant"

Ny
interferon can be - used for the treatment of respiratory viral

. .9 '
1nfect1ons<. )
~ . . P

#a

In climical situations} the effects of interferons have: been

studied}%. %hé} may be useful in life-threatening 1nfectionsl1 such as

L4 -—

hemorrhagic fevers, and herpesvirus caused encephalitis, and may also

eliminate per51stent11 12 infections caused by hepatitis B virus,

/ . ' . ) ~
herpes zostef virus, papilloma (waht) viruses, and cytomegalovirus.,

Unfertunately. it appears that the interferons, in therapeutic
13 such as fever, |
hypotehsion. and 1mpa1?ed liver function. ’Interferon may stiT] be

potentially the best broad spectrum ant1v1ra1 but ,it has not yet been



o
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‘shdwn to have  sufficient efficacy to be generally ‘useful go the
: c11n1é1an. It dde@ not ‘satisfy the need for _an e?fective broad

spectrum antiviral drug which has minimum side effects.

(R

| B. Vaccines

The most-sugcessful approach to thg prevention of viral infection
is the use of %, potent virds vaccine.< This can be(produced”either by
1n;ct1v;tion of‘ an infectious virus or by deve]épment of 1;ve
atfenuated. virus strains. A 'number of live attenuated‘vacdnes14 are
a§a11ab1e. for example, ye1low‘fever. ruBeo]a. rubella.‘ mumps and
po1iomyé1itis, In;ctivated vaccines14 are'also available, for example,
prevention of influenza, poliomyelitis. and rabies. A new vaccine
approVed’for'hgpatitis’815. produceq from 1£s'surf;ce ahtigens (HBsAgj

found 1in human blood. An exciting development is the preparafion of

synthetic vaccine as in the case of the ﬁo]iovirus16.

t

_ Unfortunately, vaccines are not available for all viruses. The

rhinoviruses conéjst of over 100 different serotypes and vaccination

-,

wou1&k be the most unlikely procedure for preventionj7 because of .the

specificity of the.immune reaction of the vaceines. The influenza-A

<

virus presents another problem as it continuously changes .ts
: . i . . -
antigenic composition '. -Recombinant herpesvirus can be used as

18,)9 ' . ~ »
77, free of those genes responsible for

genital herpes, vaccines
oncogenicity.

\ i 1 , .
In* the abserce of an effective vaccine for interaction with the

target virus, we depend on the deve]opmenf«qﬁfﬁntiviral drugs.
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C, Ant1v1ra1,Chemotkcrapy

¥

Extensfve‘study has led to the discoverysof many antiviral agents

: \
with sefective activity. These can inhibit a particular event of viral
replication. Different events in the replication of viruses and\ the

‘ compﬁunds known to 1inhibit these events will be discussed 1in

following sections. ,

"I, Early events. of replication

Virus Adsofption

- 'The process of infection begins with the interaction of virus and

specific receptors on the’ surface of cells, o™

e

[

Adsorbed virions can penetrate by several mechanisms —

Virus Penetration

(a) Endocytosis: This results in the delivery of the ’3{r1on to
' enddéytic vesicles where viral envelopes fuse with the

vesicle membrane, resultifg in the re]easgiof nucleocapsids

into the cytop]asmgo. This is the most common mechanism,

(b) Fusion of the virion envelope with plasma membrane which

enables the nuc]eocagsid to enter cytop]asm21.

21

(c) Direct penetration of the virion into the cytoplasm 4+ [This
. ' [ :

mechanism is quite uncertain, but may be necessary to account

for penetration of non-enveloped virions.

. Virus Uncoattng ) ) S
' ‘ ' ' . .,
- Following penetration, the viral protein coat opens to release’

_ . &
-



oadsorpt1on,of intact'91r1ons t0uce11s;r.

s

'3~t HA2 po lyps pt1de 1nh1b1t 1nf1uenza v1ruses

thof"‘cletc acid contents into the cytop1asm. N1th _some.. enve]oped

v
2

others. uncoating takes p]%ce near nuc]ear poreszg;

- A;-nUmber of compounds~are“known which inhibit'these-early events of

the v1ra1 replicat1ve cyc]e.

HEPARIN (an acid mucopo1ysacchar1de) dj"v L .__‘h .”

Hepar1n forms a complex w1th HSV and prevents 1ts adsorpt1on to

_}g,; uncoat1ng ‘occurs at the t1me of penetrat1on whi]e w1thi'

the host ce]] Thenefgre 1t 1s no’ ]onger effect1ve 1f added after the',:

23~

OLIGOPEPTIDES

O11gopept1des that m1m1c the. N-term1na1 reglon of the paramyxo—hf_

v1rusva1 po]ypept1de arez;%ec1f1c 1nh1b1tors of paramyxov1rus and

o]1gopept1des, that m1m1c the’ N—term1na1 reg1orvof the ‘orthomyxov1rus

24, 25

1nh1b1ted by d1fferent o]1gopept]des. The heptapept1des - D Phe-L Phe— :

G]y—D—Ala—D Va]—D~I]e—G1y s the most potent 1nh1b1tor -of meas]es

Phe-G]y “are. ﬁhe most 1mportant 1nh1b1tors of 1nf]uenza A and B v1rus

S

»r'espectwelyz5 ﬁhese o11gopept1des 1nh1b1t the penetrat1on. of the

i

Lvirds 1nto the ce11 wh1ch occurs by Fusion of the v1ra1 membrane w1th

' the cel]lmembranezﬁ. f

Do

D1fferent v1ruses are

| virus: and the tetrapept1des Z—G]y-L Leu L= Phe—G]y and Z-G]y-L Phe-L—.!t

__b/'/\



 AMANTADINE AND RIMANTADINE

. NHz-HCI

AMANTADINE ~  RIMANTADINE. . ..

B .
> .

Both amantad1ne -and r1mantad1ne 1nh1bit the rep11ca*1on vt type A

fnfluenza viruses w1thout serious side effect527 ?8 29

\

exact mechan1sms of act1on are not known., t haS‘been shown thatebbth

. affect a v1rus spec1f1c process that takes pTace between uncoat1ng and

30, 31
pr1mary transcr1pt10nv

" rhabdovirus = has 1nd1cated that the drug 1nh1b1ts viral uncoat1ng andt

32

thevlater'steps. but npt»the v1ra1 attachment and penetration’ g
~ ARILDONE. '
L Ari]denei' active against meny"RNAtand DNA v1ruses.‘It interacts -

e

d1rect1y w1th -he PO 1ov1rus caps1d and 1nh1b1ts the uncoating of the .

“virus. It s expected that arisddone 1nteracts Ln a snm11ar manner*

\,,m_/
with;fhe;3e§<1rus33 because: capsnd is the common. structure in both the

o V1rdses;
W~II.'Synthetic Events of reb]fcation

After v1ra1 uncoat1ng. the transc‘hpt1on of éar]y mRNA from vira]

nuc1e1c ac1dp starts.' Sometimes. "~ virions may need their own

Stud1es on the effect o% amantad1ne on_yb

2

Albi igh the
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tr#ﬁscfiptases Orhreverse transcFiptaseQ;? The§e ear1yim3NAsftran§]ate

. into .brotéins‘_bn\cytdplasmic polyribdsomes. ‘Oﬁce these ehiymes‘ are‘

"synthés;;ed' the 3rep11catfdh of the . viral nuc]e1c adid' starts;

followed by the transcription of 1ate mRNAs, wh1ch translate toa'

structura1 and. v1rus—coded prote1ns. ~‘  1 R ,'
. [7{ .

AgentS’inhibitiqg these eve@té'aré:

o 5-1000-2"-DEOXYURIDINE (IDOXURIDINE) IdUrd

&

g™

]

34 35

IdUrd was synthes1zed by Prusoff as an anticancer agent:and

foUnd to be act]vg aga1nst_HSV and vaccinia virus in  vitro, and

| hefpés;ﬁiMp1ex;keratitis in f3bb§£536'and.1n monkey537. :Iﬂvhuman§; it.

‘ was ;foundv to ‘be ﬂgcfjve 'against 5ocu1ar“hefpésvirus“Afﬁfeqtfons,'f'
'quﬁuriding- in>'DMSO has ‘shown sbmgjbénekits on ‘TocA1 Symptqm§ ”1¢ |
.Hersés-zdster38. ‘,_ o SRR n., t S |

Mechanism of ‘action -
R T
) IdUr&ﬂrep]aces'thymidine in newly syntheéized:vira1iDNA39.and'its

" metabolites (mdno—;-di— and tri-phosphates) can also act as'substFatés




o

_for many‘ enzyme 'systems.- for example, deoxythymtdjne kinase,

deoxycytidylate ‘deamtnase, cytidine ‘diphosphate reductase and -.DNA ,'

40

pngmerase « IdUrd s phosphorylated in both- virus-infected and

41

kinase”'. The incorporation of IdUrdzinto the DNA of normal cells

causes inhibition of cellular DNA synthesis; whichlis responsible for

the toxic1ty39 42 ; o

9-B-D-ARABINOFURANOSYLADENINE (VIDARABINE) Ara-A

\)
T

OH.- R

Vidagaﬁine.was synthesized as an anticancer agent43 and found to

n

cells by both}Vihus—induced'and gellular :deoxythymidine_'

‘.‘be' act1ve aga1nst herpesv1ruses. In humans. it has been shown to be =

h1gh1y effective " in herpes s1mp1ex kerat1t1s44. he%pes simplex - ence-

‘ phaht1s45 and var1ce]1a—zoster viﬂﬂ§46 47. Recent stud1es have indi-

48

"cated that Ara-AMP"" can be used for the treatmen&;of chronic type B8

,hepat1t1s and Ara-—A49 can be used for the treatment of \herpesjzoster

’ in cancer pat1ents.
Mechanism of actiqn o o L . o Lo
In  herpesvirus infected cells, ‘Ara-A inhibits DNA synthesjsso.

The metabolism ‘ofuthfs nuE]eoside‘ana1ogue to its 5'—fr1ph05phate
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(Ara-ATP) is first reouired; -and then.DNA §ynthes1s may‘be inhibited

by several possible mechanisms

(a) Inhibition of the v1rus-spec1f1c DNA polymeraseso'51

(b) Inhibition of the virus—specific r1bonuc1eot1de reductase52 o

(c) Incorppravion of Ara-AMP into v'ira].DNA53 S “y
‘Decreased methylation of .macromolecules results from the
inhibitory effect of vidarabine on the transmethylases, and thi%‘ 1n=fﬁ ’

turn results 1h'cytotox1c1tys4.

5—TRI?LUOROMETHYL—2'-DEOXYURIDINE (TRIFLURIDINE) F3dThd‘

0

~CF3

Tr1f1ur1d1ne was first synthes1zed by He1de1berger “et. a1 55

Thws compound has shown marked efficacy in the treatment of HSV eyé
56,57, 58

ul

1nfect1ons in rabb1ts and humans It has shown some activity

against :cytomega1ov1ru559 also. It has‘10>fold greater,,antiviral

' j\pogency~ﬁand Jﬁ—fo]d greater solubility,inl'aquepus solution than
idokuridfne39. | | o '
‘Mechan1sm of action . B .

Trif]unidine 1ncorporates into viral 'DNA and thus 1nh1b1ts late
]

vjruséépéci?ic _mRNA. synthes1s. It is read11y phosphony]ated in

- ‘, : Yoty
v ¢ ) :& B
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eukaryotic ce]]s by thym1d1ne kinase td mqno-, d1- and. tri-phosphatesy

The parent compound and its metabolites can affect DNA synthesis of
. both virus and cell at four different biochemica1 siteseo . 2
(a) Inhibit»on of deoxythymidine kinase by FadThd

ytion of deoxythymidylate synthetase by F3dTMP

(c) Isb1b1t1on of DNA po]ymerases by F dTTP '
(d) BNA strand breakage by 1ncorporation of this €hym1d1ne analogue
into DNA,.
Toxicit§ is observed because the drug incorporates into the DNA
and causes s1ste; chromat1d exchange in human ce11561.

' (E)~5-(2-BROMOVINYL)-2" ~DEOXYURIDINE (BVdU) and
(E)-5~(2-I0DOVINYL)-2"~DEOXYURIDINE (IVdU)

< TR
A Br . \c‘_c/
,==CZ;F{ : \}1
Bvau . . Ivau

Al

Both BvVdy 'and,IVdUbhave-beén found to be selectiye‘ entfherpes

62,63

agents and are spec{fically phesbbory1ated in 1nfe¢ted.ce1]s by

2 g

13

HSV-1  and vaficel]e—zoster virdss= 1nduced deoxythym1d1ne - (dThd)

64,65, 66

kinase” """ . Recent stud1es have ?nd1cated that BVdU can: be used

orally for  the treatment of var1ce]1g‘and zoster 'in children: with
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‘cancers? and for severe herpes-zoster in cancer patiéntsﬁa. The HSV-1

 1nducéd dThd?dTMP kinase converts BVdU to BVdUMP and then to 1€s 5'-

diphosphate (BVdUDP). whereas the HSV‘é§1nduced dThd-dTMP . kinase
b

phosphory]ates the BVdU to on1y the 5' —monophosphate stage. There-

’ fore. the activffy of BY¥dU and IVDU were observed only against HSV 1

° 69
; x:jgfn stud1ed in m1ce .

¥

v "

this triphosphate inhibits henpesvirus—induced DNA polymerase to a

greater.extenﬁbthan cellular DNA po]ymérases7o.

1=(2"-DEOXY~2" ~FLUORO-B-D-ARABINOFURANOSYL)~5-I0DOCYTOSINE (F-IAC)

Aoh

FIAC is activgxgg;inst HSV-1, HSV-2, - herpes-zoster ‘virus, and *

* human cytomegaldvjrus . This selective activity is due- to inhibition.

- of the virus coded DNA ﬁo]ymerﬁse72.

Several other compounds in‘the sefies. such as 1-(2'-deoxy-2'--

“ fluoro-B-D-arabinofuranosyl)-5-iodouracil (FIAU) and its corresponding

. BVdUDP s COnverted to the triphosphaté by. cellular kinase, and

LI
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- b-methyl anﬁlogue (?MAU) and 5—ethy1 ana]oau@‘ (FEAU) are active

aga1nst herpesviruses73‘ Comparative efficacy and se1ect1v1ty oﬁ/these
£

15

nucleoside anaTogues against Epstein-Barr v1rus/have 1nd1cated74~ that
re]ative potential of these drugs is FIAC = E}AU > FMAU,
.1—ﬂ—D-ARABINOFURANOSYLTHYMINE (Ara-T)
’ 0
. H . .-
- "H }(; 3 o
b HOHZC ) o
e V' » o N °
Activity has been reported with Ara-T in vivo against herpes
75 ‘ 76

: sihp]ex,keratiti§v1ngrabbits ~ and HSV.encephalitis in mice ".

M 14

Ara-T 'is phosphorylated to Ara-TTP by the herpesvirus-induced

deoxypyrimidine kinase in infectedhce1ls77. Mutant strains of..HSV
i 9 . - .

- that are incapable of inducing this virus-specific enzyme are not

suscept}b1e ‘to .inhibition byrAra—T7§.' Toxiéity results™ from ghe :

: incorporatiqn'of Ara-TMP. into ce]Tular DNA79. )

9-(2-HYDROXYETHOXYMETHYL )GUANINE (ACYCLOVIR)

Acyclovir is active againﬁt' herpesviruses, especially neroﬁf
zoster virus, HSV-1 and HSV--280 but inactive againgt)vaccinia «1-us,
adenovirus, "cytomggaldvirus -and  RNA ,v1rusg581. Recent studies

' ’



“k1nase99 and to the tr1phosphate by un1dent1f1ed ce]]u]ar enzymes

16

PN
- o

1ndicate82 the effective use of acyclovir for .the brophy];xis of

herpes infections in renal transplant fecipient. It can be used for

83,85 and genital HS 1nfect1on84. Inhibition

5

varicella~zoster infection

'qf human cytomega1ov1kus (HCMV)86 by combined acyclovir and vidarabine

was found to be synergistic for three of four HCMV clinical 1isolates

studied and additive for one HCMV 1solate. Similar effect was observed
™
when acyc]ovir and recomb1nant human a]pha interferon were admini—,

stered for HSVE] 1nfection—1n m1ce87. Acyclovir is converted to its

monophosphate by ‘a vira]—specif1ed thymidine k1nase88 89. further

i

'phosphorylated to ' the d1phosphate by host cell guanos1ne monophosphate

91

This tr1phosphate inhibits HSV-1 viral- DNA po]ymerase92 but does ndt

affect cellularot-DNA polymerase at the same concentration93. Mutant

strains are resistant to qcyc]ovir94.'

LY

0 .
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Two other guanosine analogues are
© 9-(1,3~DIHYDROXY-2-PROPOXYMETHYL )GUANINE (DHPG)
9-(3.4—DIHYROXYBUTYL)G“¢NINE (DHBG)

0
HN | N»
| HN N
" H

CHgOM

" DHBG
g
are phosphorylated by

9 and DHPG™®

Like acyc]ovir. RS-DHBG

‘ herpesv1rus TK. The phosphory]at1on to mono-, di-, and tri—phosphate

17

- is more efficient for DHPG than for acyc1ov1r97 98'Because DHPG has a

Lundred times higher affinity than acyclovir towardsfvira] TK. DHPG is

also significantly more active than acyclovir against human, monkey

‘and rodent cytomega]éviruégg. DHBG and DHPG are similar to acyclovir .

in activity and mode of action.

PHOSPHONOACETIC ACIB—

PHOSPHOMOFORMIC ACID ¢PFA, FOSCARNET)

OH o

HO- ‘OH Ho_ﬁfC<OH'

//>// 0 0 .
\_M///

SN .
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PAA  has been shown to selectively inhibit the nép11cation‘ of °

' herpesv1ruses100 101 It exerts its antiviral activity by

phosphorylation with HSV TK and preferential +tnhibition of the
'herpesv1rus-§pec1f1ed DNA-po1ymérases102. It has been reported103 that

‘part1a11y purified HeLa cell DNA polymerase 1s also affected by PAA.

The re]ated compound PFA selectively b]ocks the hep]icat1on of

'

PAA104 105, 106

herpesviruses as effectively as. and these two agents

have‘similar mechanisms of Qgtion.

1--D-RIBOFURANOSYL-1,2, 4~TRIAZOLE~3-CARBOXAMIDE (RIBAVIRIN)

4 s
- : =

Ribavirin possesses broad spectrum antiviral activity against
107,108 °

both RNA and DNA viruses = ' - . ‘The drug has been -effective in the A

treatment of influenza A and B infections]09'11og For antiviral

action, it is converted to its S'Qmono—. di- and triphosphates by
cellular enzymes111 and these nucleotideﬁ_act upon several different

enzymes. Ribavir1n-5'-monoph05pha£e inhibits the synthesis of

guanosine 5'-monophosphate (GMP): resulting in the lowering -of "GTP .~

levels in the cell and 1nh1b1¢ion of nucleic acid synthes1s”2

~ Ribavirin 1nh1bjts guanine deaminase and therefS?e the formation -



: In HSV, DNA synthesis is 1nh1b1ted by the tnhibition .of
the v1rus-fnduced DNA po]ymerase by r1bav1r1n 5'—tr1phosphate]]4.
Qﬂ1ch also se]ectively inhibits the influenza v1rus -associated RNA
poﬂymerase and a]so inhibits vinzzﬁifec1f1c pFotein synthes1s115
Ribavirin 5'—tr1phosphate also inhibits vaccinia virus-assoc1ated ‘mRNA
guanyl transferase activity and b1o ks the capp1ng of virus-specific

116 - Ribavirin inhibits tobaccq mosaic virus rep]icat1on117 by

mRNA
preventing an early function that is \necessary to initiate viral RNA
’synthesis. Resistance‘ against ribavirin has not developed probably

because of its multiple sites of antiviral action.

I1I. Late events of replication’

Assembly and Re]ease118 -

~
There ere> two general mechanisms involved in assembly__and
release. In one case, ﬁhe newly synthesized viral nucleic acids and
structural protein{'come together 1ntnace11u1ar1y. either in the cyto-
p1asm or the nucleus. The virions are'released as the infected cells
disintegrate. In the other strategy. employed by enveloped viruses,
viral proteins are 1nserted 1nto cell membranes, the nucleocapsid is

attached on the cytop]asm1c side of the membrane and the virus buds

into the extracellular environment. >

Compounds ithibiting these events are: f
2-DEOXY-D-GLUCOSE AND MODIFIED POLYSACCHARIDES

. Z-DeoxyFD-g1uc05e is effective against enveloped virusesj19. It

19

3



© drugs currently available

\

impairs or alters the g]yCo§y1ation of virus specific po]ypeptides120.

Glucosamine also inhibits the multiplication of enveloped viruses by

2 a
interference with ;he synthesis of viral envelope glycoprote1n121'122.

"

1.2.4. Limitations of currently avatlable antiviral agents

-

As described in the previous sections, there are many antiviral

agents known that interfere with virus-specific functions or interact

with virus specified enzymes and thus inhibit particular' phases of

viral replication, However, very few of them have been approved by

- Y.S. Food and Drug Administfation and are available on the market. The

problem is usua11y\koxicity of the égent to the host cells. Antiv1r§]

123 on the market are listed in Table 1.,1.

ek

Drug | Trade Name ~ Indication(s)

Acyclovir Zovirax Mucocutaqeous.herpes simplex . infection
in compromised hosts, Initial genital
herpes simplex infections '

Amantadine Symmetrel Proph%]axig\and treatment of influenza A

Idoxuridine | Stoxil Herpes simplex keratitis
Trifluridine] Viroptic "] Herpes simplex keratitis
Vidarabine . Vira-A Hérpes simplex  keratitis, Herpes

" simplex encephalitis, Neonatal herpes
simplex CNS and disseminated infection

Table 1.1. Currently available antiviral égents

Even these drugs are limited in their usefulness as antiviral

agents,: Each has a narrow spectrum of activity, e.g. idoxuridine-is.

useful -only for  herpes simblex,keratitis adﬁ amantadine only for

20
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§ \ _ e
respiratory 1nfeﬁti?ns caused by 1nf1uanzg A virus, In L‘ dition, it

L}

has been found that even some.susceptible viruses become resistant to
these drugs. A recent Yéport94‘destr1bes the drug resistance patterns

of HSV ‘1§olated froh patients treated with acyclovir. This type of

Ky . . .
resistance to thymidine ktnase (TK)-dependent drugs may be due to the
appearance of sstrains with TK de?icienty. altered TK-substrate speci-

ficitiés or chapges in viral DNA po]ymérase?zf: Since moét of the

available dr&és are nuc]eosfde*analogues.‘ it is believed that a f{esh
- . ‘
approach might circumvent the difficulties encountered with this class

of compounds. Therefore, a new class arildone is being stddied;

1.3. Arildone: A P-Diketone

1.3.1. Introduction .

N

A new class of antiviral compounds, the aryloxya]kjl-ﬂ-diketones.

i

is recently discovered.‘ The most promising compound, arildon®, has

been extensively studied by Sterling-Winthrop Researchulnstitute and
/ ¥

is active against a wide variety of,RNA and DNA viruses. Arildone and

125

its metabolites are well tolerated in ‘animal toxicity studies.

Currently, arildone is undergoing clinical trials for herpesvirus

4

: : : 1 - ' ! .
infection in humans. i ' v

' . r.,’ .

1.3.2. Research leading to the discovery of arildone
During the course of routine screening of compounds for antiviral
activity, it was distevered, at. the Stér1ing-N1nth?op Re;egrch

126 of-the general sﬁr;cture(l)

Institute that several ary]iﬁiketones
were active against eduidg rhinovirus in vitro.

21



ey

The methy]ened1oxy d1ketone(2) was fxrst prepared - Several ana=

?vlogues were synthes1zed to exam ine the foTTow1ng factors they

‘faffect antivira] act1v1ty towards equ1ne rh1nov1rus and HSV- 2126

’ f(a) The s1ze of the d1ketone mo1ety S

). The effect of vario

| _(b) The necess1ty of ‘the ethyT 51de cha1n in carbon spacer :
(c) The necessity of thi doubTe bond in the carbon spacer
s subst1tuents on the r1ng‘- L
'(e) The s&ze of the carbon spacer ;-”" ” \
:'_Nv s1gn1f1cant d1f£>rence in act1v1ty ag;1nst equine rh1nov1ru5v yag<,,v’
observed between the correspond1ng- heptaned1one, \hexaned1one; and‘
pentaned1one. Reduc1ng the ethy] side’ cha1n 1n carbon spacer to methyT
‘vf-and f1na]1y to hydrogén caused a sT1ght 1ncrease fn act1v1ty(MIC
.iﬁfrom 6 to 3 ug/m]) Reduct1on of the doubTe bond of (2) d1d not resuTt
Sine any Toss of ant1v1ra1 ac1t1v1ty. A series of compounds ‘was prepared
'a by ma1nta1n1ng both hepataned1one and . the hexamethy]ene spacer? and .

vary1ng the . substituents on’ the phenyT r1ng]26, The 4—hydr0xy

’ g»homoJogue was’ found to be act1ve aga1nst equ1ne rh1nov1rus (MIC50 from

3 to 6 ug/m]) ” It is be11eved that the role of the subst1tuents on

| the pheny] r1ng is ma1n1y to contribute to the T1poph111c1ty of the

6
9
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- br1dge between the d1ketone and aryf’port1on of the molecule. The peak

}~act1V1ty was attalned aga1nst equine rhinovirus w1th n=b6 (3a. MIC50 -3. :

,to 6~ug/m1) and was ma1nta1ned through n=8 (3b). In the case of HSV~2
maximum act1v1ty was exhibited w1th 3b (MIC50 = 3'to 6 ug/m]) but not
iw1th 3a (MIC =12 ug/m]) B o .

‘ 55 ‘ - .

‘)‘73 N

,HQ—Q—(CHZ)n'

“In 'an attemptvto prepare Bidiketoneevwith 'potentia11y broader .

Spectrum ant1v1ra1 act1v1ty. a eeriés of ary] bis(ﬂ?dfhetones) Qith

127

“the general structure (4) was prepared The mq§t prom151ng cotmpound

.fmolecu1e. }Further study ' “q was done to examine the effect of the

B

“with hexy1 bridge (m=n=6 4a) was found to have good ,ant1herpet1c '

7 activity. At 4~ug/m] this compound gave a 897 and 937 reduction 1nL

p1aque count, when tested agalnst HSV=1 and —2 respect1ve1y127.

NS




DI ol

1mproved an&iherpet1c act1v1ty128 \?/

HSV-1 and HSV 2, MIC50 = 1 5 ug._

‘- atoms have,anti#inE] act1v1t 5
A . . g ¥ @!P

~Inhibition of cyfopathjc'effegis in cell culture:

? 24.

{

As an extension of the work a rglated ser1es of compounds. the

,ary}oxyalkyl diketones (58) was synt%Ls1zed to find compounds w1th

7

Variations in the'aromatic substituent pattern and chain len th

were 1nvest1gated128 ' The'moSt-promisfng compdund](§g) was foundz“to
fpossess a, 2—chloro—4—methoxypﬁeny1 mo1ety and n=6_ IC50 =6 ug/m1 for ’

or equ1ne rh1nov1rus ™

“ L This compound (5a) is known as ar11don6 and is composed of a ﬂ—

diketone unit separated from a subst1tuted benzene r1ng by an alky]

© chain of"s?x-oarbons; Subst1tuents on the benzene r1ng contr1bute to

"y

128 T .

“Tipophilicity. _Compounds with an a]ky1 cha1n of six to e1ght arbon'

"

<

1.3.3, Antiviral acfi;itQ of\ari]done

a——

A, -1r vitro studies

- .
B

‘Kim and'coworkensvsnozgd cqgtathg M;;§@-Ya1oe§.£f«ari]gpne”nanged,

o
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" .

from 0,8uM for po]1ov1rus to 16.2uM for HSVE1 and HSV-2 (Table 1. 2)

Higher concentrat1ons caysed intracellular. granulation129.

Plaque reduction tests:' ' . . ‘ o

Table 1.2 (data from Ref. 129) represents a 115t of viruses tested
by p1aque reduction assays. P1cornav1ruses and herpesviruses were very

’sens1t1ve to the drug. whereas other viruses were less sensitive.

"]

\.Yirus ,5/" | wgﬁi ’CbE(ﬂiCSO in 4M) P]aque reduct1on(MIC50
. o ey , M) |
|Potioviras-2 | 0.8 RN N .
HSV-1 (Sheely strain) |  16.2 < 1.35 o
HSV-2 (Cu;tis:strain) | 16_2: s. *vliv : < 5.4 - .%ﬂ
- Vafice11a—zester~virusjf ' ND | | < 2.7 \
Vaccinia virds' ' 8.1 | - ‘“ > 13{5-';_a ; .
Adeno virus L ) ND | ' > 21 ‘

Table 1 2. Effect of ar11done onﬂ$trus 1nfect1v1ty (In v1tro studies)

weND Not Done RN : 'A '
Effect ohrvirus‘y1e1d;’

Ce]]s were infected at multiplicity of 1nfect1on (m.o.i. ) between
0. 1 and -1 p]aque form1ng un1t/ce11 (pfu/cell) and arildone was present_f
from the t1me of addition of virus throughout the ent1re growth cycle , _
> Virus y1e]d was determined by p1aque assay 24 hours after 1nfect1onv
‘except for mur1ne cytomega]ov1rus in wh1ch it was determined after 72

hours. e Table 1. 3, data from Ref. 129) R



Table 1.3 Effect of arildone on virus‘feplicatidn'(lg vitro studies)

B. In vivo studies

oL e 2%

-  V1rus | I MIC50 (uM) o -k -
Poliovirus-2 - . S <20 : o A
N Y S

HSV-2 o ea L
. - - ) J
Murine cytomegalovirus < 8.1
v . i ) ' N . o . /\,

o , : \
These studies had indicated that arildone, at low concentrations,

a

ihhibited?ﬁhékrep]icatiqn.of‘certain DNA and RNA viruses in vitro. As
in the plaque reduttion tests, the yields of 'herpesviruses a

picornaviruses were sensitive to arildone. o o

Eﬁféct.on.thé deve]ppment.of 1esi§g§

A v
. » ¢

In v1§Q ’stud1es have demonstrated that arildone is effective

topically iﬁ. a guinea pig skin infection caused by HSV—1°vand HSV-

2]30']31.'=Ih guiﬁea pigs the application of 87 arildone 1in.  cream

7

formulation or 8% arildone in 90% DMSO five times daily starting -

tweﬁty’" four hours post infection: suppressed the formation and

progression of herpetic  vesicles and significantly reduced virus

titers .in the lesion sites (Figuge 1.2). During the next twenty four _ 

hour pgriod of therapy, drying and crusting began in.all arildone-

freated sites, while in placebo DMSO—treated‘aniﬁalsi drying of the

skin around the vesicles was the only change observed. In untreated i’

-: 1-130 . l':,
in size ~ .

-

animals, vesicles were moist and continued to increase

P
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Mean. vescile score {x 10}

204
18- Non - medicated
_ a”
* v \.\w’f’ e O
1L .A/ i . O ..... \ .
Start e s Placebo
12~ medication
" * LT _ : . a
8- W L
: . Ll
6 L% Arldone in ' s
T OMSO Lo 5
« : : 3
= S TR C
8% Arildone ’ ©
2 in OMSO -0 <>_._;____<D -
0= T — T T
1 2 .3 3 s

Oays post - infection

¢

Figure 1.2 Effect of. arildone on the devélopmeht‘of lesions ‘produced

Effect pn>v1§us

J/

'growth

by HSV in guinea pigs(taken from Ref.130‘w1th permission)

aQ
.

-

21

-The drug vcdncentrétioﬁs of 47 and 8% arildone in 907 OMSO,

applied to, the'{nfécted animals, - reduced the vﬂrus.éohtent in the,

1esionsf 7ébmpaked with virus. Content Cin placebo-treated and

nonmedicated infected animals, Figure 1.3..

N
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,Figure 1.3 Effect of arildone on virus content in 1esions produced by

e . HSY 1n gu1nea pigs (taken from Ref.130 with permission)

~

-

S/

iAr'l]doﬁ‘e)ln Evredm o o N . &

4
3

The therapeut1c effect was\not as rap1d and marked as that pro-'

.
duced by ar11done prepared in DMSO. The super1or act1v1ty of ar11done

in a DMSO preparation is probably due to deeper and more, effective

penetrat19n of the drugl3o. : ‘ v c

C. Mode of actfon H

!

Arﬂdone inhibits rep]ication of HSV-2 in infected BSC 1. cells by ~ :

. @

1nterfering with a sensitive event pr1o(j§p six. hours post 1nfect1on

"and possibly after four hours post 1nfect1on. Neither viral DNA nor

o -~

28
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« . .
, i . . .
~ '
. \ .

viral proteins are, -synthesized -in the presence of ar‘ione. This

indicates ‘that arildone interferes with early events of viral replica-
132 |

tion 7%, Similar results are obtained uith'H§V~1 in the - same cell

11ne33: r

¢

29 . ..

g In the case of po]iovirhs—? the mode of action was studied by e

Q
adding ari1done at different timesl33. A three-fold increase 1in the

MIC50 was obtained when the drug was present only in the agar over]ax

medium after the adsorptton period. - This increase may be due to

fnitiation of wvirus rep]icat1on in. some cells before the drug was

.added A ten-fo]d 1ncrease 1n the MIC50 was obtained when ar11done was

"present only during the adsorpt1on period and washed away before the

'.agar over]ay medium was added Th1s 1hcrease may be due to’ the

é
inftiation of rep]icat1on by cell associated virus. which was able to

uncoat the viral nucleic acid in the absence of the drug. These
results also suggest the part1a1 ?eversibiTity of thé -antivira]
act1v1ty of the drug and the failure of the drug to affect adsorpt1on
or integrity of the po]1ov1rus133.' ‘ -

'Thus arildone inhibits simple, nonenveloped, RNA containing.

‘ viruses. as 'we11 as large, enveloped, DONA contaihing viruses. If>

1nh1b1t1on of uncoat1ng of the v1ra1 nucleic acid is. the common: mode

. of act1on of ar11done. 1t suggests that arildone may interact w1th the

1cosahedra1 protein caps1d a structure common to both po]1ov1rions

and herpes s1mp1ex v1r1ons133.f Direct. but reversible 1nteractf0n of

ar11done with the 1cosahedraJ capsid of these vir1ons may prevent the

conformat1ona1 alterations required to uncoat and release. the- ?ira]

'genome into the ce11133 Stud1es on purified poliovirus have spggested

8

53]

n
.
»
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that -arildone prevents uncoating of the virion by. stab11iz1ng the

protein-protein 1nteract1on in the capsid134

1.3.4, Ana1egues of arildone

A ]

il Further study was done in the Ster]ing-winthrop Research Iﬁsti-

tute by modifying the acyclic B- diketone moiety to cyc]ic systems

such as pyrazo]es.and isoxazoles. ~
A, ﬁyrazo]e analogue
’ ol
CH30¢ )=0(CHo)¢ CH3SO03H

Tﬂis anaWogue 6 (WIN 41258-3) can be easily prepared °from

arildone by heat1ng with hydrazine hydroch]or1de135.‘ The water

P) .
soluble methanesu]fonate sa]t was prepared and it was found to be

active aga1nst HSV-1 and HSv-2 in v1tro and 1n ;’& . Resu]ts shown in

Q.

‘ Tab]e 1.4 (data from Ref 136) ‘indicate that the compound prevented

p]aque format1on by HSV 1 and HSV-2 in BSC 1 ce]l mono1ayers.

——

30
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* Virus Drug concentration (ug/m1) % Inhibition
. )
| Hsv-1- 2 33
3 ~ 100
HSV-2 2. s 72
" 3 100

Table 1.4 Effect of pyrazole- analogue on virus infectivity (In vitro
study)

The ;compound was effective in’house.genital herpes 1infectioh
after intrauaginai administration.’ The compound was administered to
mice at four h urs post infection w1th solutions containing 1. 25 2. 5

5.0 or 107 on saturated tampons.' Therapy resulted in a high suryival

e rate (80 to 1OOZ) of treated animals versus 20 to 302 of placebo-

treated controls, The compound was also effective in the treatment of
gu1nea pig skin infections produced by HSV-1. So]utipns of 2.5, 5 and

102 .of the compound app]ied,to the skin starting twenty four hours

-post infection,. resu]ted* in rapid suppression of deveiopment of

.herpetic veSicies and Significant reduction of the virus titers in the

Tesion Sites136.

The :data obtained in'Steriing—Winthrop Research Institute is

summan;zed in Tablefi.S,

\ - //:”

A

AN



Compound | 'MIC50 (ug/ml1). ~
- * HSV~1 HSV-2 - equine rhinovirus
3a ND 12 3 to 6
4 3. 3D
5a 6 6 - 1.5
§' >2 <2 : ND*
Improved antiviral activity of B-diketones related

‘Table 1.5

B. Isoxazole

compounds (In vitro stydies)

ND: Not Done

analogues

In view of the lack of chemotherapeutic agents available for the

treatment of'picornav1fus infections,

t

a program directed towards. the

discovery ' of comgounds =act1vé’wagainst'this class of viruses 'was

32

{ initiated at Sterling-Winthrop Research Institute. -As a result of the _.

screening of compounds_re]éted to”ari]done.‘ it was found that - the

isoxazole analogues (7) - possessed in vitro activity ‘against both

[

t
H

X\ =N
D—O(CHZ)n 2

rhinovirus-2 (RV-2) and~po1iov1rus-2137

G2Hs

CoHg

\

These analogues can be synthesized from ‘artldone by heating with -



&

- 33

hydoxylamine - hydrochloridé137. thsequantly. a Qariety of related .

3,4, S—tr1subst1tuted as well as some 3, 5-disubst1tuted 1soxazoles were

prepared. First, tr1subst1tuted 1soxazo1es were eva]uated against RV-2

— E————

in vitro by the plaque reduction method, The 1n1#}9] compound(7a)
exhibited an MICg, of 0.8 ug/m1‘37. - ¢

A series of 3,5-disubstituted isoxazoles, - 8, was.als§ tested
against RV-2 aﬁd polio-2 in vitro by‘the p?aque predhction - method
(Table 1.6). CompOunds 9 and 10 were found to be active against RV-2,
However, compound 2)(WIN 49321) was s1gn1f1cant1y more act1ve—&han 10

aga1nst 90110-2

Wfen 10 was administered orally to poliovirus-infected mice, it

did not show any effect This may'be due to, metabojic hydrolysis of

the compound to the inactive ac1d Compound 9 was tested in mice which

were - infected 1ntracerebra11y with polio~2. - The lowest dose that

resulted in signiffcantly increased survival was 31mg/Kg bid.

, Séverq1 modifications of the ester group were made without

*  obtaining 7»any improvement in systemic‘ antiviral activity. The

' 6xa;oTine 15 (WIN 51711) wéﬁ prepared138 as a cyclic vykiat1on pf fhe

137



»

ethyl ester with similar space-filling characteristics, This

" modification necessitated replacing one of the oxygens with a n1£rogen

atom. and potentially minimized the metabolic hydrolysis to an inactive

‘acid. Indeéd. this compound (15, WIN 51711) showed significantly

improved- antiviral activity against polio-2 virus (Table 1.6), and

reduced pladhﬁ formatioﬁ By 9 entérovifﬁses and 33 rhinoviruses% wifh
MICSOS of 0.004 to 0.17 and 0. 004 to 6.2ug/m) respective1y139
. CH3 o
: X
(CHZ)nO‘@iY
y |
B s
Compound X Y ’ n o MICc (ug/m1)
Number ' ‘ RV-2 Polio-2
9 21} aci0 |- 7 | o.08 *0.05
10 H | 4-CO0C,H, 6 10703 50.80
1 H | 4-coocH, 7 3.00  0.40
12 H | 4-CH,CO . 7 11.60 0.01
13 Ho|e- cszco\ 7 | L1 040
14 H o | 4=CH(CHg), | 7 | 1.00 0.0
15 wla |7 0.10  0.004

fi Y
Tab]e 1.6 In vitro antipicornavirus activity 3,5~disubstituted
isoxazoles

LB
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A , number of’ compOunds related to NIN 5111 has been ‘synthesized

and tested against several different picornaviruses, Recent X-ray,

crystal]ograph1c stud1es140

by a group at Purdue Univers1ty and
St rYing-Winthrop Research Institute have shown clearly the site of
atthchment of two WIN antiviral compounds in human rhinovirus 14 (HRV-
14) that prevents the pH-mediated uncoating of the viral RNA.  This
consists of a 3-methylisoxazole group ,that inserts }éself into the
hydrophobic interior of the VPI  protein. The &-oxazolinylphenbxy
group covers the-entraece to an ion channel into the virion and the 6

(or 7) membered aliphatic chain providesAan appropriate spacer (Fig.

1.4). Thus uncoating of the viral RNA may be inhibited by preventing

hobic pocket- or by blocking the flow of

i
f

the collapse of the VP h

jons into the virus int

'7/"/77‘/

35

_ Figure 1 4 Diagrammatic representation of WIN 52084 binding s1te in \

HRV-14 capsid (taken from Ref. 140 with permission).

-

. The most active compound against HRV-14 is the chiral compound

_pp—

15a with MICS'0 of 0,06 uM, which\hae a methyl group at position 4 on

”

A
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'y

the"oxazal1ne ring. oroducing,an.asymmetric carbon« atom, ,(15a, . WIN

"= The S—1somer_ was found to be ten t1mes more act1ve than the 12

‘,1somer against HRV- 14 and f1fteen t1mes more. act1ve aga1nst HRV 2

*This may ‘be due to. the 1mproved hydrophob1c 1nteract1ons of - the S—

;1,4 ':Object1Ve'of‘research

. 7
T of certa1n acute v1rﬁs 1nfect1ons. but have many 11m1§g§1on§35uch as a

| narrow spectrum offant1v1ral act1v1ty. s1de effects and deve]opment of

B methy1 group w1th a hydrophob1c pocket formed in HRV- 14, The R-methy1
'group B would be expected to have nos pos1t1ve effect on such

‘ interactﬁons and hence has 51m11ar MIC50 va1ues (0.4 u). .to;ﬂthe

140

_desmethy] compound (NIN 51711) {c It is expected that these WIN

g antivira1 compounds prevent uncoat1ng by stab111z1ng the v1rus.»t

'

s L

“In design1ng ant1v1ra1 drugs, ° among the factors t%%be cons1dered

5'are the1r cost. ease of product1on. route of adm1n1strat1on. safﬁty

and broad spectrum of ant1v1ra1 act1v1ty. A few drugs are present]y

—:ava11ab1e on the market, These are effect1ve for the ear]y treatment

-,

| /
viral. resistance. New or tmproved ant1v1ra] drugs are neededq
o



H

Most of the available ant1v1ra1 drugs on the market are nuc]eof

S

side ana]ogues and w1th ant1herpet1c act1v1ty. - The, action of severaj“
vnuc]eoside analogues on cei]u]ar as we11.as viral enzymes ]eads _to
tox1c1ty and limits their use. vEfforts are being made tofdeveiop/'an,,’
ant1v1ra1 agent with no toxicity and with broad spectrum cf ant1v1ra1;
‘act1v1ty.. Extens1ve stud1es in the Sterling-Winthrop Research‘
Inst1tute jed ~to the d1scovery,of‘ar15done. It is not a nuc1eos1dei“
’ana1ogue. and is active.against.a‘uide variety of RNA and DNA viruses.
Compound 6 possesses ant1herpet1c act1v1ty. whereas 'eompound' 9
1lpossesses ant1p1cornav1rus act1V1ty., The obJectist‘oib the present

4

B research in our 1aboratory was toﬁihem1ca11y synthes1ze an arildone E
l

gtype of compound with broadfspectrum ant1v1ra1 act1v1ty aga1nst both

>, pncornav1rus.and herpesv1rus.(‘ SR ‘ L .

y'i.ﬁ.,ser1es of cdmp0unds re1ated to WIN 49321 (9) was’ prepared to_'

1ength on antivira]
-

k ‘(b}' fhe; effectﬁvpf,=chanéeséin -—b—aryl‘ substitution on antiviral
g STy AR | :

:.Thex effect ofiehanges in heteroaromatic moiety_ on antiviraf .
‘vact1v1ty | |

'(d) The effect of changes in -O-ary] mo1ety on. ant1v1ra1 activity

“(e) The effect of subst1tut1on ofcx-CH2 of carbon chain on; ant1v1ra1

*act1v1ty.



| , Chapteer ffi. S e
s ‘ | wr
» S CHEMCAL SYNTHESIS . T
2.1. Out11nemof chemica] synthesis of compounds C R :_;f

A ser1es of compounds ‘was synthes1zed by the routes summar1zed in N
. the fo]]owing schemes, to study the structure-act1vity reﬂationsh1ps. R
WIN 49321[(9) was cons1dered as reference for th1s study. ' '
" (a) The effect of change in carbon cha1n 1ength on the ant1v1ra1 .
act1v1ty was studied by prepar1ng the: compounds (genera1 fonmu}a 16).

with d1fferent va]ues of n (n=5 6, 7 8,.9)."

S 'z\_())\(CHz)ﬁ‘O'O_OCH~3
o 16
The' synthesis’of‘thése'compounQS invo]ved"theylithidtion/of 3‘5—
: .d1methy11soxazole by using n-buty111th1um at —75 c to get 11th1um sa1t
&
Further a]ky]at1on _of 11th1um sa]t_w1th aﬁpropr1ate bromoaTky]aryl

ether gaye the desiredvg;oduct (Scheme 1).

o
4
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v ,
:“43.5~Dimethylisoxazole (17) can-b‘e"p'repared141 by ~reflux1ng the“
;m1xture of acety]acetone (0 10 mole) and hydroxylamine hydroch]or1de

g (0. 10 mole) for one hour, us1ng ethano1 as the solvent (Scheme II)

SCHEME 11

: Z—Qﬁi0r0e4—meth6£ypﬁénol  (1§) can be prépared148‘by’ref1ux1ng.4-"
" methoxyphehol "(0.10 mole) with sulfuryl chloride  (0.10 fole) in

cthroform for tQO'hoqrs (Scheme 1L15;“

H3CO—.-0H+ sozuz —_— H;CO-G-OH |

18

-

B

SCHEME 111

V'Bkomda1ky1ary1 vethers preparat1on 1nvoTved the treatment of 2~
‘ch1oro—4—methoxyphenol (0 10 mole) with sodlum hydr1de (0 11 mole)— in
F'IHF at'room temperature; “and ‘then refluxing the reaction mixture with

:
;

t



at - e

dibromoalkane (0.15 mole) (Schehé IV)E%:_

e N

-

- R
THF
OH . o
Sen
., B u'.'. |

© . SCHEME IV

< Loy
v

£

+  Brcuher —MoH

Al

: . o . : _
the effect of different substituents in -O-aqgl moiety on antiviral

e

activity, - %;g

B -
s

S

L,
Y L

. ‘ ‘ ) o _ L 5
(b) A series of compoundsw(genera1,fdrmUWa:lg).' was prepared to study

a0

-~
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G . C : >

The compbunds in isoxazole series were synthesized by the route

-

) summar1zed in scheme I. In pyrazole series._ the compounds"were

prepared by the meta]lation of 3 5—d1methy1pyrazo1e (0.10 mole) with

sod1um hydride  (0.10 mo]e). followed by alkylation with the.

E appropriate bromoa]kyﬂary] ether (0 10 mole) (Scheme V)

) e
SN~ v THF ,
e . ‘o |
o o _' 1Bf(CH2)r?(-;R',
y 11 ) - R : o
e
- (CHYp X-R’
‘ SCHEME V

-

~—

-3, 5- Dimethylpyrazo]e (20) can.be prepared142 by4 refluxing the

| m1xture of acetylacetone (0.10 mo]e) and hydraz1ne hydrate {o. 16\m01e)

) 1n ethano1 for th1rty minutes (Scheme VI)

@

‘0. © | CHs
;;L TR NHoNHy ——> o \
- cugccHzCCHg + 22 ~';‘ cn,
2C)

" SCHEME VI

41
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Bromoa]kyjary]nethers were §ynthesized by the route summarized in:

Scheme 1V, o ' 0

3-Chloro-5-methoxyphenol was beught from ' Aldrich Chemical’
S . . e e

Company. | c- T

(c) The effect of changes in heterda}omatic moiety on ant1v1ra1
activity was stud1ed by preparing the compounds (genera] formula 21)
by the route summarized 15 Scheme I, except in pyrazoles and

imid&zo]es. where Scheme V was fo]]owéd;

1 n = 6and
R _fH3 °H3N a |
/
— | \ O\ / / 3&\ \
- O G Y
. S .. "CH3. Ph
Hj3 CH3 '
A\ ";/'“ o\
- N\o ' N\N 'CH3 ? E:;> t
| [
P
Isofh%ézo]e 143c'cap be preparéd by passing the gaseous mfkture of

propylene, = ammonia and sulfur dicxide over catalyst (activated



aldminum oxide) at,temper;ture abbve 250°C (Scheme VII).
| R
,: N . : " 3 / \
. 3 HpC=CRCH3 + 4LSO2+#3NH3 —* 3 S)‘.
" R=H
R=CHy

SCHEME VII
. .

Similafty; isobutylene furnishes 4—methy1isothiazo]e143.

2,4—Dimefhy]thiazo1es (22) " can be prepared144 by réf}uxing the
mixture of thioacetamide (0.10vmo]e) and chiqrogcetone (0.10 mole) for

thirty minutés..using benzene as the solvent (Scheme VIIID).

“  CH3CONHz + ,P3Sg. > CH3CSNHp

RN
. & g
a)

': 'S { CHs
H3C}J£;;j§ ’

L -.f;. | o +4c1122234

SCHEME VIII

« . |cichcocHy o
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o ~ 1-Phenyl-1,2,4-triazole (23) can be obtéined14€;by refluxing the . .

mixture of phehylhy&razine (0.10 mole) and. formamide (0.30 mole) for

-
* B - -
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thirty hours at 135-140°C (Scheme IX). o

[N

. . ‘ R . —-——.‘ \ ’
" " PhNHNH2 +2 HCONH, - C, ;l)l
- : ‘ |

\ Ph '

23

SCHEME IX

146 by

. Similarly, 1—Methy1-1.2.4—triazole (gﬁ) is ‘obtained
stirring the mixture of methylhydrazine (0.50 mole) and methyz formate
(1.10 mole) for two hours at room température; followed by refluxing

“with formamide (1,10 mole) for ten hours atv135—145°C (Scheme.X). '

‘CH3NHNH; + HCO,CH; — CH3NHNHCHO

choNHé 5
. _._' ’ | z_\\ . -
-~ . CH3 N
o 24
) - o it }f. : { N
. © SCHEME X

-

[

)

Imidazole was bggghfﬁ%}om Aldrich Chemical Company,



L) i
X /

B.romoa1ky1ary1' ethers can be prepared by fhé route summafized jn(
Scheme IV, L | _\ |
(d) The efféct of changes in -0-aryl mo1e¥.y'on antiviral activity was
studied by prepa.riﬁg- the compounds of gen'eral formula 25. These

compounds were prepared by the route shown in Scheme I,

# .

* CHj
y Q(CHZ)WX—R \/
\ !25 "'n=6,7 ‘

\ ) L - -4 ) |
: c o, ’ /\. ’ . T e

S R s S

- Bromoalkylaryl thioethers can be p.répared by the same route . as

Scheme 1V, using thiophenc;]'. . .

45



The oxidation of thioethers with-m—ch]dréperbenzoi§ acid(MCPBA)
\

gives the su]foxide or sulfone depending on the stoichiometry

(e) The effect|of ‘substitution on a-CH2 of carbon chain on ant1v1rh1

activity was studied by preparing 27,45 and 46, by the route shown 1in

Scheme>XI.

CHy ~ «  nBULi . Qs

*»f}k{ _THF . J %k -

(C‘H3)2$2 '
26
- - - n-BuLi
e THF
N, Br(crbﬂ34<:::>-OCH3 Sz—iﬁx\
H SCH3 ’ CH SCH3

B (CHZ)-O 0CH, o EY :
. |mcrBA  Cl_ o, N

H3C.

SCHEME X1~

46
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) Preparation of '3~mefhyl—5-methylthiomethy]fsoxazole
1nvolved the lithiation of 3.5-d1methy1dsoxaédle (0,1p'm01;)ﬂw1th n-
butyllithium (0.11 moje) and further a]éy]atioh‘ of %hou:resu]ted
lfthium salt with dimethyl disu]fide (0. 12 mble). Compound. 21 ‘was
prepared by lateral lithiation of the,C-S methylene group of 26
fo1lowedfby the alkylation with 1 bromo-6 -(2- ch]bro-4-methoxyphenok9§
ihexane. Further oxidation of S in 21 with m—ch]oroperbenzoic acid
(MCPBK)~‘gave sulfoxide 45 or sulfone 46 depending on stoichiometry
(Scheme XI).
2.2, Experiments’ .

‘Melting = points were measured,kon. a Thomas Hoover "Unimelt"

* capillary melting point apparatus and are uncorrected. Refractive -

indices were <ﬁeterm1ned using an Abe Refractometer mode Car] Leiss

13657.

-3

,Inffared spectra were recofded on a Unicam SP 1000 or Nicolet

FT-IR spéctrophotometer Proton nuc1ear magnet1c resonance spectra

.

were taken in deuter1ochloroform un1ess otherwise stated, using tetra-

kS

methylsilane as “internal standard.- on Varian. EM-360A, EM-390 or:

Brucker AM-300 NMR spectrometers. = Microanalysis were obtained on a

VA . )

Perkin-Elmer 2408 analyzer and-the results were within the acceptable
. | < .

range (%0.5%). -

The,reéctionswyere monitored by thin layer chrométography. Column

.chfomatbgraphy was carried out uti]izing silica ge] 60 (E.Merck).

Tetrahydrofuran. used as a sonent in.most of the react1ons. was drjed

by wrefluxing with sodium metal and benzophenone and stored over 4-A
F

molecular sieves,

47
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2.2.1 Methods .of preparation for‘start1ng‘mater1als
Preparation of 3,5- D1methy11soxazole (17)
A §o1ut10n of acetylacetone (10g, 0.10 mo]e) in ethanol (10 ml)

wa;\iad:d to a solution of hydroxylamine hydroch1or1de (75’ 0.10 mole) , &
1n water (15 m1). The mixture was heated under reflux for one hour

“and then was poured'onto co]d water (60 m1). The aqueou; mixture was
eitr@cted with etho}-(Z x 30 ml). Thé)combined extracts were dried
(MgSO ), filtered and the filtrate was concentrated under -reduced
;pressure to give a brown 011 D1s£1]1ation.gave 6.0g(622)'of a color-

141

less oil, bp 140—42 C, (1it.' " 140-42°C).

Preparatioo of 3.5—Dimethy1p§razoie (20)

A solution of .acetylacetone (10g, 0.10 mo1e) and hydrazine
'hydrate (5 ml, 0.10 mole)(ﬁnj%thano1 was stirred at room temperaturen

for 10 minutes and -then: ref]uxed foér 30 minutes. eTh1s m1xture . was

N cooled and poured into saturated brine. (100 ml). 'The o1ly ~ye@]ow'»@;z

product was extracted with ether (2'x 20 m])

142

of wh1te p]ate54 mp 105° C (11t 106 ).

‘Preparation of'é.4—Dimethy1thfazole (22)

A solution of chloroacetoné (200 ml, 2.48 mole) in‘b &
was added slowly to a st1rred m1xture of acetamide (1%25

4 ¥ - L
and' powdered phosphorus pentasu’lﬁde (100g, 0.45 mo'le) yf,,ybe zene ?100 '3'}.

--ml), in a f]ask f1tted with a reflux condenser._ w1tﬁf ‘itkpl heat\ng




on a water.bath. As soon as an exothermic reaction started the reac-
tion f]dsk was }emoved from the ath and the addition Con£1gyed
through ihe-reflux condégser. After the addition was completed, the
. reaction mixture was heated under ref]ux for\30 minutes and then
codJed. To this cooled mixture, water (506 ml) was added and the
reddish upper layer containing benzene with sdmeoimdur1t1es was dis-
cprded.“ The Tlower 15yer was made alkaline by the addition of 5N
. sodium hydroxide and the crude th1azo]d was extracted with ether. The

combined ethereal extracts were dried (MgSO4). filtered, concentrated

: uﬁder reduced pressure. D1st111at19n gave 132.23 (44.52)'of a co]orﬁ

144

Tess oil, bp 140 42 C (1it. 143-45°C).

Preparation of 1—}heny1—1;2.4ﬂtriq;ole (234
\

bA» mixture of pheny]hydrazind 225.9g. 0.19 mole) and  formamide
(25,9g. 0.57 mpTe).wasﬂstirred and heated under reflux in a nitrogen
atmosphere‘ in  an oil bath dt 135-40°C for 30 hodrs. Th; ‘reaction
mjxture was coo]ed dissolved - in d1chﬁd}omethane (35 ml), washed with
’w%ter'(Z x 60 m1), dried (MgSO )e f11tered and concentrated to g1ve a
brodn Tow melting so11d D1st111at1on under reduced pressure gave

18. 3g (677) of the product bp 88- 90° €/0.4 md, as‘a clear 01l which
’ crysta111zed on cooling, mp 46-47°C (1it. 145 46 47°C).

Preparationm of 1-Methy]-1.2.4—tr1azo]e (gﬂ)

Methy] formate (663. 1.10° mole) was added dropwise to methyl-

.hydraz1ne(23g. .0.50 mo]e{/ht room temperature with stirring and the

mixture stirred for two hours. The excess of methyl formate pas

5 . . *
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\removed by evaporet1on under reduced pressure. ”Formamide (453. ‘fﬁeo}il
@mqle) was - added +o‘th1s res1due and the so]utfon heated under reflux
| - for ten hoyrs (135—145 C) The react1on m1xture was cooled, extracted
?h“ w1€h d1Ch1oromethane (2 A 100 ml) and the combined d1chloromethane b
: 1ayers washed w1th water (2 X 25 m1). dried (MgSO‘). !11;ered and

concentrated to give 3Gg of a co1or1ess o11 - D1st111at1on ed this 011

gave 17 33(41 12) of the des1red p?qduct bp 71 74 C/13 mm (11t. 46
175—7 c) ’ X )v'_ . | - 01 -. w’"‘_‘ ) f’ ‘.. ". .

.‘,pgeﬁgr;t1on ofr3%Meth§1-S—methyithdomethyliSofa;oje (ggi,] -

L]

,=:‘

vl B , u‘.Qv. : . i [ 5 E .
{ Aw-nhButy1]1th1um (625 m] 1.6M 1n hexane.-ﬂ mo1e) was added s]ow]y

Woe
édﬁ to a stlrredt cold (- 70 C) so1ut1on-of 3, 5—d1methy11soxazo1e (97 1gt 1
o ,
;;f' mofe) 1n dry THF (900 m1) in a n1trogen atmosphere. The c]ear ye11ow e
so]ution was stirred at —75 C for one; hour. Th1s so]ut1on was' added .h
L . % \‘;6/' :
u,, s]ow]y under nitrogen atmosphere a st1rred.; cold ( 75 C) so]ut1on f,;f{:;
g of d1methy]g d1su1fide (110 m1 1 2 mole) 1n dry-THF (900 m])
:'uﬁ nitrogen atmosphere over a 30 m1nute per1od nqpnta1n1ng the \;;f

temperatufe of the react1on m1xture be1ow —65 B st1rred an add1tiona1

= 15 m1nutes at -75 c and thenwa]1owed to reach room temperature.f At 5h‘,5df

v;' about ‘-2§°C a so]id separated out of the so]ut10n »fThe d%act1on o

m1xture .was concentrated and extrapted the res1due w1th ether._fiThe_ S

o _‘ e

ether extract was washed w1th water (2 X 100 m1). drved (Mg504)

o “ ‘
-7 concentrated to give 146 Sg of a yel]ow 011 The crude product was
14 7

7f\yv d1st1T]ed atm+60~1029C/9 mm to'g1ye 124 5g (87Z) of des1red product

i . JEEAT L . . e

; ;" y 5'
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\R—Methoxypheno1 (37. Zg. 0.3 mo]e) ' oform.(100l m1) was

"trea ed at room temperature thh sulfury] f;‘ f{-é-(h1 5g, 0.3 mo]e)

"dissolved in ch]oroform (25 ml). The mixture was heated under reflux

. A
for two hours and distil]ed to remove excess su1fury1 ch]oride. The

res1due was pur1fied by silica ge] co1umn chromatography using GGZ
: ‘d1ch1oromethane and 3BZ hexane as e]uant and gave 30. Sg (53 5%) of the

148

 pure product as a wh1te so]1d mp 44—45 C (lit. 44 45°C) K

_ used for a]ky]ation of heterocyc11c compounds

~Sodium hydr1de (0.1 mb1e) was washed w1th hexane (3 t1mes)
"suspended in THF. : A solut1on of subst1tuted pheno1 or 1“

hydroxybenzotr1azo]e or 8-hydroxyqu1no]1ne (0.10 mo]e) in. THF was,
: " ‘ 4

.added dropw1ses to the suspens1on. resulting in the evo]ut1on of -

Y

hydrogen gas. After the add1t1on. the react1on mixture was stirred at

”room temperature for 45 m1nutes. Th1s mixture was added dropwise té\a

so14t1on oF the d1bromoa1kane (0 20 mo]e) 1n THF and the react1on

"_mixture heated under ref]ux overn1ght The resu1ting m1xture was -

"_,concentrated ‘and the residue taken up 1n ether. The ethereal so]ution

P SRy

.'.was washed w1th wat%r.k dr1ed (MgSO4). f11tered and concentrated underf

.,'2 2. 2 Genera] method of preparation of Bromoa]ky]ary] ether (g§7§§)

51  n:;'

. reduced pressure to nge an 011 wh1ch was d1st111ed to remove excess a

'_-of d1bromoa1kane.. the res1due was pur1f1ed by si]ica ge1 co]umn

© chromatography. . el o

S B N
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Preparation of 1-Bromo-6 (2-ch1oro-4-methoxyphenoxy)hexane(28)
“The. crude product was parified by column chromatography using 90%
. hexane and 10% ethyl acetate as eluant toAgive an oil (80.6%), bp,120-
22°C/0.1 . SR SR . |
IR (neat) 3066, 2934, 2877, 1467 ,1208; 1170, -f§51 e, R
- 6 7.00-6, 75(m, 3H Ar-H)s 3 95(t, "2H, J=7Hz. —O—CH -); 3.80(S, 3H,

-ocn3). 3.39(t, 2H, Jé7Hz. “CHy=Br); 2.09:1.26(m, 8H, -(CHp)y-).

Preparation of 1—Bromo—5-phenoxypentane (29)
The pur1f1cation of crude product by coTumn chromatography using '
hexane—ethy1 acetate mixture (85: 15) as e]uant gave a co]or]ess 011

(61.6%), bp 84-86°C/0.1 mm. =

IR(neat): 3066 2943. 2869 1239 1167. 1038 tm 1

NMR 5‘7 46—6 82(m. 5H. Ar-H)L -4.00(t, 2H, J=6 OHz, -0- CH2 ). 3. 46(t.
. 2H. J=7 5Hz, -CH -Br) 2.23- 1 42(m. 6H, —(CH2)3) G
. ¥ ”
Preparation of 1-Bromo—S—(4—methoxyphenoxy)pentane (30) ;: _k f

’ ¥

The column chromatography of ‘the crude product using hexane—ethy]
R v:»' A {

acetate m1xture (9: 1) as e]uant gave a co]or]ess 011 (73 77).: bp 118—c‘>g
20°C/0.1 mm. | = “h S i u{“gggget'fk
IR(nujol): 1236, 1170 1050 ! c o T L h?f5f,:1 R
WMR: 56 79(s, M Ar-H): 3. 85(n, SH, —o cuz . eocn3) 3,360, M 0=

. 6.0Hz, -CH —Br), 2,00-1. 16(m. 6H gLCH )3—) ‘

l‘ . v 'a..w [

o—S-methoxyphenoxy)Pentane (31)

Preparation of 1-Bromo-5—(3—chfﬂ
Hexane Ethy] acetate so]vent m1xture(9 1) was ‘used as e]uant 1n

column chromatography to purify. tne cruélggroddct to give a co‘orless

v"f'

.’- -’.'v



: o4
d)y , v \ . oy .

solid (80.0%2), mp 35-6°C. S

o

R
>
_—

IR(nujol): 1611 1060 i~ o L -
CNMR: 66.52-6.33(m, 3H, Ar-H); 3.92(m, 5H, -ocH -\ -0-CH ), 3.46(t, 24

J-6Hz.w-CH2-Br). 2.19-1. 42(m, 6H, ~(CH )3 )

Preparat1on of 1-Bromo-6 (benzotriazol—1—yloxy)hexane (32)

15 The crude product was’ pur1f1ed by column chromatography us1ng 607 -

hexane and 4OZ ethy1 acetate as e]uant to give a thick oi] (63 5%)

15385, S | | O

o "zo »

| %.%ﬁ}) Preparation of 5—Thiophenoxypenty1 bromade »

IR(neat); jE% 3951, 2860, 1234, 1160, 1091 cn™"
~NM§ 5 8r d, M, J=7.5Hz, 7'-&);'7;66—7.33(m, 3H, Ar-H); 4.56(t, 2H,
J=7 5Hz.v -o—CH2 )i 3.46(t, 2H, J=7.5Hz, ~CH,~Br); 2.06-1.46(m, BH, -

(CH2)47
8 &

’ Preparation of 1—Bromo—6—qu1no]1n-8-y1oxy)hexane (33)

@The crude product was pur1f1ed by co]umn chromatography using 40% "

‘ hexane and 602 ethy] acetate as e]uant to g1ve a thick 0il - §¢9,7Z¥pg

&

020 . 1 5800 j@ | vj . |
1R1neat)- 3066, 2941, 2867, 1251 1176, 1091 cm
FNMR '5:9.00(d, TH, J= Qﬂi 2'-H); 8. 09(d, M, 3= =7.5Hz, 4 4'-H); 7.52-7.00

(m. 4H Ar—H) 4, 19(t. 2H J= 6Hz. -0- CH2 ), 3 36(t, 2H, J= 6Hz. —CH -Br)

-1

2. 16 1 33(m. 8H —(CH%)4—)

A sonﬁion 6f thiopheno]z(11g. 0. 10*mo]e) in THF (50 ml) 'was -~
Gadded dropw1se ;o a so1ut1%g of sodium hydride (2 64, 0.11 mo1e3 in;: v

THF .(25 ml), . After the add1tion _the react1on m1xture was stirred ata



_ » : ' o
‘room temperature for two hours. “This reaction mixture was added

1drdﬁ§dse to a solution of dibromopentane (41‘33. 0.18 ho]e) in'THF (25

ml) and~£he m1xture heated under reflux overnight The mixture wesw

.concentrated and the residue taken up in ether. The ether extract was
washedL with water. dr1ed (MgSO )y ‘filtered and the f11trate
concentrated at reduced pressure to give an 011 wh1ch was purified by
column chromatography usingv852 hexane and 15% ethy1 acetate as’ e]uant
bto give the pure product h(Zg.Bg}. 88.72) as a ue1]ow‘l oil,
5 110-12°C/0,1 mn. | o

IR(neat): 3077, 2932, 2860, 1229, 1170, 1070 cm"1

NMR: & 7.36-6.95(m, 5H, Ar-H); 3.33(t,-2H, J=7.5Hz, -CHBr): 2.85(t.

———

2H, J=7,5Hz, -S-CHy-)i12.06-1.29(m, BH, ~(CHy)3-).

2.2.4, General methods for the'a]k&lation"of hetérocye]ie:coﬁpouﬁds to

‘obtain .desired products

n-Butyllithium in"’ hexane (0.1 mo]e) was added dropw1se to a

3

stirred solution of the heteroaromat1c compound (0.10 mo]e) in THF

.under nitrogen at ~70°C. After the add1t1on was. comp]ete the mixture
o) .

‘was st1rred for 30 m1nutes to two hours at -70 C and the solution of

bromoa]ky]ary] ether (0 10 mote) 1n THF was added dropwise. During:

the

add1t1on the temperature was. ma1nta1ned at’ —65 C. The reaction o

55

mixture was st1rred for an. add1t1ona] one hour at this temperature.? '

'The reaction mlxture was gradua]]y a1lowed to warm up tJaroom teﬂiﬁa -

ture ‘and st1rred overn1ght after which time the mixture ‘was concen-

trated and the res1due extracted with ether. The. ether ]ayer was

M RN m‘lﬁ; a,“v: : ‘ E
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/ .
Method B: -

washed sequentially with 2N HC1 , water and brine and.'then dried

(MgSO4);'%gg€Po¢a1 of'so1uentﬁgave an oil which was purified by silica
gel colum™e romatography.

S

”\
added to a stirred so1ut1on of sodium- hydr1de (0 10 mole) in THF

mixture was stirred at room temperature for one hour and a so]ut1on of
the bromoa]ky]ary1 ether (0.10 m?ﬂe) in THF ‘was added s1ow17 f The
reaction mixture was heated under reflux. vovern1ght (10 hours),

concentrated and the resu1t1ng s6lution was extracted w1th ether (3

times). -The combined ether extracts were washed w1th\water and dried

(MgSO ). Remova of solvent gave the crude compound whﬂch was purified .

\

by silica gel co]umn chromatography. T U ¥

\

m—Ch]oroperben;ojc ac1d (0.10 mo]e) was added 1n b tches to «‘a -

' st1rred solut1on of th1oether (0.10 mo]e) 1n chhloro ethane.:ito

the\yeaction mixture was a1lowed to stit at 0°C for 30 mlhut s.  This

m1xture was washed w1th sod1um b1carbonate solutlon and wate tj.d ied

(MgSO4) ,@nd fi]tered The f11trate was concentrated under 'n duced

;\‘

pressure to*ﬁet crude produqt which was pun1f1ed by co]umn chromato- B

graphy to g1ve su]fox1d§; ;«

& e .
SR . .
L T @

‘”< A simitar experime;t was carried out to prepare sulfone ﬂby’A

A so1ut10n'of the heterocyclic compound (0. 10 mole) in THF' was "~

compounds. -

56
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two equivalents of MCPBA ant‘irring»thé re_éction mixture a‘,t. room

temperature for about’ two hours.

2.2.6 Preparation of the des1réd;products

Preparation of 5-[5—(2 Chloro—4—methoxyphenoxy)penty]] ~-3-methyl~
1§§xa§o1e (34)

Method of preparation:, A s

E]uant for co]umn chromatography 55% hexane and 452 ethy1 acetate

7 Yield: 63.93 mp 42-44°C. ’

IR(KBr) 3074, 2934. 2877 1605. 1507, 1270, 1056 cm_]

- NMR: § 7.03-6. 80(m. ;3H Ar-H); 5. 86(5. ", ~N=C~CH-~ ): 4,00(t, 2H,

J-GHi.‘ —O—CH —).. 3.80(s, 3H -0-CH ), 2. 77(t. 2H..J-7Hz. -CHZ—C=C =)

2. 30(s, 3H, -CH ) 2. 15 1. 15(m. 6H —(CH, )3—)
- Anal. Calcd. .for; C16H20N03C1 C 62 03 H, 6.46; N, 4.52. Found: C,

62.42; H, 6.49; N, 4.69.

Preparation of 5-[6—(2—Ch1oro—4-metﬁoxyphenoxy)hexy]]~3-methy1—_

jsoxazole (§§).

-

. Method of preparation: A

Eluant for column chromatography 507 hexane and 507 ethyl acetate .

7 Vield: 55.0; mp 26-27°C (1it.137 as 0i1)

IR(neat): 3074, 2943, %360.'1605. 1500, 1210, 1052 cn)

MR: & 6.93-6/66(m, 3H, Ar-H); 5. 76(5, . NeC-CH-); 3.90(t, 2H,
~CH,-0-); 3. Ti(s, 3, -OCH3): 2.66(t, 2H, JutHiz, —CHZ-C-C) 2, 23(s,

3, ~CH

3), 2 03 1. 16(m. 8H -(CH. )4@)
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‘ Prepar‘atioh -of g (7- (2-—Ch1oro—4-methoxyphenoxy)hepty'l] ~3-methyl-

1soiaze1e (_9_) : | ‘
|
Method of preparat{on A | |
Eluant for_column éhromatography 602 hexane and 407 ethyl acetate .
mp 44-6°C. (J1t.'%7 45- 6°C)
_IR(KBr): 29 2852. 1602 1495. 1211, 1050 cm .
NMR: 6/(95—6 73(m. H, Ar-H); °S. 80(s., 1H. -N=C-CH); 3. 94(t 2H,
J=5Hz. —CH. -0-), 3. 76\(5, 3H, -O—CH3). 2. 68(.t 2H, J—7Hz. -CH,—C=C- =)
2.26(s, M, ~CHy)s 2.03-1.16(m, 10H, ~(CHp)g-)

Preparation of 5—[8-(2-Chloro—4—methoxyphenoxy)octy]] ~3-methyl-

% Yield: 60.

e

-1

isoxazole (36)

Method of preparatmn A .

E]uant for- co'lumn chroma\:ography SOZ hexane and 507 ethy!l acetate
"% Yield: 68.2; mp 34-354c . o |
IR(KBr) 3076, 2926, 2869‘ 1608, 1502, 1‘?12 1049 cm -1

AVR: 5 7. oo-s 80(m, - 3H.\ Ar-H); 5.83(s, TH, ~0- C= =CH-); 3. 94(t. 2H,
J=6Hz, -CHy~0-): 3.73(s, BH -0CH,); 2.69(t, 2H J=7.5Hz, ~CH,~C=C-);

2. 30(s. 3H, -CH ). 2.05-1. 15(m. 12H '-(CH )6-)

: @
Ana'l- Ca]cd for C19H26N03C1 c, 64 86; H, 7.39; N, 398 Found C

6508 H, 7.40; N, 407

Preparation of 5—[9 (2—Ch1oro-—4—methoxyphenoxy)nony'l]-3—methy1—

isoxazole (37) . _ S . , ' ;@?
| | | . *%@f
' Method of preparat'lon- A o . %@’ B

E]uant for co]umn chromatography 50Z hexane and 5(9; ethyl acetate
. Cg¥ :
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7 Yield: 71.5; np 49- 51° c ‘ ‘ ‘
IR(KBr): 3074, 2934, 2860, 1505 1505, 1219, 1045 cm L (\
6 7. qo-s 80(m, 34, Ar—H). 5.83(s, 1H, -N=C-CH-); 3 96(t. 2H,

EJ=6H2, —052—0—). 3.75(s, 3H, jOCH )i 2.69(t, 2H, J=7Hz, —CHZ-C-C =)

2. 25(s. 3H, '—CH3). 2.00-1. 05(m. 14H -(CHZ)7 -)

Anal. Calcd for C20H28N03C1 C, 66}02. H, 7,70; N, 3.85. Found: C,
65.88; H, 7.77; N, 3.77 [ | |
Preparation of 5-[6- (3-Ch1oro-5—methoxyphenoxy)hexy1] 3-methy1—

: 1soxazole (38) e

Method of preparat10n A

' *Eluant for co]umn chromatography 607 hexane and 40% ethy1 acetate’
)4 Y1e1d 60.2;, mp 49-50 C -

IR(KBr) 3074, 2943 28§2//}5§5“+422L\j223, 1028 cm_

NMR: 6’6.53—6.33(m. 3H, Ar-H); 5.80(s, 1H, -N=C-CH-); 4.03-3,76(m, 5H‘.

1.’

CH,-0, -OCHy): 2.71(t, 2H; =750z, ~CH,=C=C); 2.26(s, 3Hy —CHy)s
2.03-1.16(m, 8H, ‘—(CH2)4—

_ o | : : N
Anal. Caled. for C17H22N03C1 C, 63.06; H.76.80;_Nf 4,32, Found: C,

63.28; H, 6.74; N, 4.39 -

- Preparation gf\3—Methy1-5-(6-phenoxyhexy])1éoxazo1e (39)

" Methad of preparation: A ?
Eluant for co]umn chromatography SOZ hexane and 50% ethyl acetate

: ! . \
% Yield: 79.5; nyq 1.5171 ' | S o
IR(Neat): 3074 2943. 2860 1597, 1499, 1236, 103]"cm—1

AMR: O 7.46-6.80(m, SH, Ar-H); 5.80(s, TH; -N=C-CH): 3.96(t, 2H,
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JubHz, ~CHy~0); 2.71(t, 2H, Ja7Hz, ~CHy=C=C): 2.23(s, 3H, =CHy): 2.06-

1.10(m, 8H, -(CHy),)

Anal. Caled. for CqcHyNO,: C, 74.13; H, 8.10; N, 5.40. Found:ﬁq.

74.20; H, 8.17; N, 5.24,

Preparation df'5-[6e(4-Methoxyphenoxy)hexy1]—3—methylisoxazole (40)

Method of Lreparat1on: A ‘

Eluant for column chromatogrdphy:FSOZ hexane’and 207 ethyl acetate,
“ Yield: 66.8; mp 29-31°C. o |
IR(kBrii'3074; 2934, 2850; 1607, 1508, 1228, 1036 cm
NMR: & 6.83(s, 4H, Ar-H); 5. 83(s. 1H, -N=C-CH-); 4. 0i-3 76(m.'5H

-1

_CHZ‘O"‘ -OCH3)v 2 71(t| 2H J 7HZ. —CHZ—Czc-—) 2 26(5' 3H _CH3)'
2.10-1.20(m, 8H, -(CH )4-) oo o, ‘

Anal, - Caled. for C17 23N03: C, 70:58; Hf 7795; N, 4.84, Found: C,

/70.13; H, 8.08; N, 4.71. .
_Preparation of 5—(6—Br9mohexahe)—3—methy11soxazoﬁe (41) .

: Method of preparation: A

| E]uant for co]umn chromatography 907 hexane and 107 ethyl acetate]
% Yield: 4375, n20 1.5005 Coe
IR(neat): 2934, 2869, 1605, 1167 en™ ' *

lNMR 6 5.80(s, 1H, -0- C CH-): 3. 40(t, 2H, J=6Hz, -CH —Br), 2.74(t, 2H,

'J=7Hz. —CH,-C=C-); 2 23(s, 3H —Cﬂ3), 2.15-1,25(m; 8H, —(CH2)4—)

=2

Anal. Calcd. for C)oH,NOBr: C, 48.90; H, 6.53; N, 5.71. Found; C.

48.56; H, 6.56; N, 5.96. .
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Preparation of 1,7701—(3—methy11soxazp]-5—y1)heptanej(gg)»

Method of preparation: A R v ‘
v Eluant for column chromatography: 75Z hexane and 25% ethy1 acetate

% Yield: 40.0; bp 132-34°C/0.2 mm

IR(neat): 2934, 2852, 1597, 1500 —

NMR: 6 5.82(s, 2H, Ar-H): 2.70(t, 4H, J-7Hz. 2X- CHZ-C-C )i 2. 23(5. 6H,
2X—CH3). 2.00-1, 30(m. 10& —(CHZ)5 ) |

Anal. Calecd, for C]5H22‘202: C, 68.70; H, 8.39; N, 10.68. Fouﬁd: C,
68.53; H, 8.21; N, 10.26.

Preparation of~5—[7-(Benzotr1azo1-1'—y]oxy)hepty]]—3—methy1;r;

isoxazole (43) -

Method of preparation: A

E]uant‘fof’éolumn chromatography: 30% hexane and 70% ethyl acetate

[nd

%2 Yield: 52.8; 20 1.5345

" IR(neat): 3074, 2943, 2860, 1608, 1095 cm -1

“ NMR: ¢ 8.03(d, 1H, J=7. 5Hz. 7'-H). 7.79-7.29(m, 3H Ar-H); 5.86(s, TH, °
-N=C-CH); 4.56(t, 2H J=6Hz, —CHZ—O-). 2.72(t, 2H, J=6Hz, -Cﬂz—Cac )i
2.23(s, 3H, -CH ) 2 00—1 23(m. 10H, -(CH )5~)

Anat. Caled. for C N,0,: C, 64.90; H, 7. 00 N, 17.83. Found: Co

17 22 4 2°

64.99; H, 7.16; N, 17.56. B . L

»
»

Preparation'of 3-Methy1—5—[]-(qu1no]1n-8-y1dxy)hepty1]1§oxazo1e (44)

o

Method of preparat1on A C E o .

Eluant for column chromatography 20% hexane and 802 ethyl acetate "

P



% Yield: 49.38; mp 90-92°8

IR(KBr): 3074, 2934, 2860, 1605, 1474, {260. 1040 N

.

NMR 6 9. OO(d. 1Ho 'J-GHZ' 2"‘”). 8. 17(d J-7 SHZ. _H)' 7. 59_. \
L 3
7.06(m, 4H, Ar-H). 5.82(s, 1H, —N-C-CH), 4.23(t, 2H, J=7,5Hz, _eHZ_Q), \

1

'2 81(t, 2H J-7 SHz, —CHZ-C-C—), 2.23(s, 3H, —CH3), 2.00-1.24(m, 10H,

‘(CH?)S‘) . ‘
Anal. Ca]cg:' for 620H24N202: C.rj74\00:H. 7.40; h. 8.64. Found: C,
73, 91 H, 7.43; N 8.91.

Preparation of 5-[7—(2—Ch1oro—4—meqpoxyphenoxy) 1—methy1th10hepty1]~

- 3—methy11soxazole (27)

Method of preparation: A

:Eluant for céTﬁmn chromatography 75% hexane and 257 ethyl agetate
| % Yield: 85.0; mp 45- 47 c ’

" IR(KBr): 3075. 2943, 2860, 1600, 1498, 1209, 1052'om
NMR: § 6.96-6.73(m, 3, Ar-H);.5.93(s.‘1H. ~N=C~CH-); 4.03-3.73(m, 6H,
-CH-S-, —CHZ—O- -0~ CH3). 2.23(s, 3H, -CHq); 2. 00(s, 3H, -SCH3); 2.03-

-1

1.10(m, 10H, —(CHZ)5 ~) .
Ano1. calcd for C 9H26N0 SC1: C, 59. 45 H, 6.77; N, 3. 65.4_ Found: C

59.05; H, 6.88; N, 3.52.
. ) | X
Preparation of 5-[7-(2-Chloro-4-methoxyphenoxy)-1-methylsulfoxyheptyl]-

-

3—methy1jsoxazp]e (45)
Method of preparation Qxidqtion of Sulfur in .27 with 1 eq. of MCPBA
_ Eluant for column chromatography 33% hexane and 662 ethyl acetate

Z Yield: 75 3 mp 43-45°C



IR(neat): 3076, 2943, 2860 1607, 1496, 1224, 1050 cm'1

v NMR: 6 6.96-6. 76(m. 3H¢ﬂﬁr—H). 6. 19(d "H J-GHZ. -N=C-CH-); 4. 03-3. 76
(m. 5H. -CH-S-O -CHZ-O— -OCH3) 2. 40(5. 3H, O-S-CH ). 2. 30(5. 3H, -~
CHa)s 2.00-1.004m, 10H, ~(CHp)g)
Anal. o caled. for CigH NO,SC1: C, 57.07¢ H, 6.15; N, 3.50. Found: C,

26" 4 |
57.31; H, 6.46; N, 3.49. . . .

Preparation of 5-[7- (2—Ch1oro—4—methoxyphenoxy) 1-methy1su1fony1- :
4 hepty1]*3—methylisoxazole (46) )

. R ’ } ? e ’ N
Method of preparation: Oxidation of Sulfur in 27 with 2 eq. MCPBA

Eluant for column chromatography: 607 hexane and 40% eth§1 acetate

% Yield:£80.5: ap-75°C. s

IR(KBr) 8978 2934, 2860, 1605, 1507, 1302, 1220 1050 cm -1

o . NMR: 6 5 96-6 °76(m. 3H Ar-H); 6. 33(5. TH, -N=C-CH-); 4.33-4, ,16(m, 1H, -
o -cu-soey,, 4.00-3.66(m, SH, —cnz-o- 0CH,); 2.76(s, 3H, -S0,-CHy)s:
2 30{«5. 3H, -CHy): 2. 00-1.00(m, 10H, ~(CHpg) - - %
. 2% j.
»@'_ Anpli~ ca]cd for C19H26N05%F1 Cs. 55 88 ’H, 6.25; N. 3 36, Foudd: C,
| 55 99; Hy egsg N, 326,
Vel ) ’vq Sy ’! 2 et .

Rréparat1on of 3—Methy1 5 (6 enylthiohexy])1soxazo1é’(ﬁl)

° ¢ it
.-’-' ‘l % 'i!‘
y 1

_ Method of preparation a
";. -.' -‘ 3 @ 3 ¢

E]uant for column chromdtography 80% hexane and ZOZ ethyl aceta;e

H )

;z Yields 85.5; Bp 160-62°C/0. 1 e
"I.R(neat) 3070 2943 2860, 1605, 1491 cm™'

" NMR 5. 40-7 13(m, SH, Ar-H): 5.80(s, TH, -N=C-CH:); 3.03-2. 56(m, 4H,

~CH2-C=C— -CH -S -); 2.23(s, 3H, -CH ) 2. 00-1 10(m. 8H -(CH )4—)

<

. ¥
! ‘ "3
-
B v
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. ATa] —ca]cd for C16H2]NOS C - ;§>80; H, 7.63;&N, 5.09;  Founds Gy . °

- 62 61 6 92 N 4 59, S | . |
y Preparation of 1 [6~(2-Ch1or0q4-methOXyphenoxy)hexy]]_3 5o ,v  b:';, T
; d1methy1pyra;o]e (50) ; ,,: : _ G

' Me%hod of Preparation B ;‘%*1' o -
i e e ;

R

. . LAY
B R PR P

R (e R E S
g Lo . . . b

E
[—

69, 62 /H 7 29 N, 4. 92 £ ‘7‘“;_;w',,f,_ja::" v
¥ . | . . . | . | N ,‘._f i B - -. o ) @ N .
.“bprépaf°t1°"'%°f 3*M€th9175’(5‘PhéGYI§g1foxyhexxg)156Xazo]e (gg)_

l

Method of preparation- Oxidation bf Sul?ur in 47 with one eq. MCPBA

sr
Eluant for co]umn chrodhtography 602 hexane and 407 ethy1 acetate

o Z Yie]d 74 8; "20 1. 5466 [f{ﬁ; -_,.. ,_'_.{, 3 % , _jJ}' h‘ .
IR(neat) 3076 2934, 2860 1614, 1039 en 1 oA i

NMR 6 7. 69~7 49(m. SH. Ar—H)‘ 5 82(5. 1H —N*C-CH ). 3. 00—2 59(m. 4H

| —CH -CaCy CH -so—) 2.26(s, 3Hu -cn3). 2. 00-1 39(m, 8H, -(cn )4 =) -

=2

: ,Ana1,‘vcalgd for C16 21NQZS: C 65 90 H 7. 21 N 4 81. Found C

L.

ff;és;so?‘ug.7,o3; N;~4.61.

Prepa;at3 h of 34Me£hy]-5—fﬁhphédy1sh]fony1heXy1)tsbxazo]ef(ﬁg)

Method of‘preparat1on- 0x1dat1on of Su]fur 1n 47 w1th 2 eq. MCPBA

“A Eluant for co]umn chromatography 302 hexane and 7OZ ethyT acetate

7 Yield: 79 95 mp 50352 c

IR(KBr): 3074 2943 2852 1605 1294 1146 cm ’";

NMR 5 8 13-8. 06(m..:; Ar-H) 7. 81- . 37(m. 3, Ar—H) 5. 93(s. ;"

N=C- CH ) -3, 21(t. 24, 3= 27, 5Hz. -CHZ—aO ¢>. 2. 79(t 2H, J=7. 5Hz.
: ,-cuz-c-c ) z 36(5.‘3H —CH3) 2 10 1. 15(m. 8H,:—(CH2)4-)

]

L S

Ana1 ’.ca]cd for 016 21no§s €, 62. 50 H 16,840, 4.56. Fthdi Co -



&
E]uant for co]umn chromatograpng“ 402 hexane and 602 ethyl acétate t d
% Yield: 72,0 mp- 27—28°C Coan ‘f, ﬁ,,_';,,,\~' #: E
IR(KBr) 2063, 2869, 1502, 1212, 1052 en = ”.»‘f‘ﬂzﬁ'da‘*ﬁﬁa" “l } |
_NMR: 5 6 93-6.70(m, _‘:;; Ar—H).‘ 5. 70(s.;L H: f-N-CﬁCH). 3. 90(t. 4H’f'-vf'f
3= Hz. ~cn2-o -CHZ—N )i 3, 70(s. 3, -ocn3). 2. 20(s. 6H. 2 x-cu3).”"" |
2.01-1.13(m, 8H, '-(cnz)4 -y -»h' e | d
 Analh. caleds for CygH 25N202C1 C.. 64, 19; H. b 42 iN» §:3o ﬂﬁhnd:
63.78; H, 1, P 96 L v " q&;7;
R NTONEE g o
i" Prepafat1on of 1- [7 (2—Ch1oro-4—methoxyphenoxy)hepty]] -3, 5- e f~fé;
dimethy]pyrazo]eu(51)  y’-": R R ¢3‘Wp i°aA.} # : |

Method of preparat1on BWT ' _ J o
Eluant for co]umn chromatography 507% hexane and 507 ethy] acetate 1:*

7 Y1e1g 70. 12 “mp 35-37° c , | |

\" IR(wBr) ,~37 42 13, 2860 & 1212 1049 L g : §‘Lf
" NMR} o 6 96—6 70(m, 3H m Ar*H), 5 73(s. ~TH ‘-N-C=CH) 3 91(t. 4H, .

N

J=6Hz, —CH -o- _‘-CHZ-N—). 3, 73 3H. —O—CH3),'2 20(s, o, 2 X-CH ).
Tz 0311 13(m. 10H —(cuz)5 5 ;,, T ' o
| Ana] ca1cd for C19H27N202C1 “C,' 65. oo H, 7. 70 N, 7. 69 Fognd{ @’“.
64 55 H 7 77 N 7.645. ‘ ' SRR T,

Preparat1on.Aof;1 [6—(3-Ch1oro—S—methoxyphenoxy)hexy]]-3 5-’ |
d1methy1pyrazo]eag§_) ;j}- j>hf ;p':‘. <A“ ,’1" 3%'f ; {5v - j;#.,w
Method of preparation B'. ;fr ' -

\ %
Z Y1e1d 83 Gh; mp 48—49 C




66

- }_}IR(KBr) 3074 2934 zaso 4589 1203, 1056 cm!
WMR: 8 6.96-6.73(m. < 3H, Ar-HS“'s 76(s, H, N-C=CH-); 3.96(t, 4H,
f'l".‘fa-suz." -cuz-o- ;-cn —N—). s, 3H, -OCH3), 2. 23(s. 6H, 2 x-cn3). o

2000100 8, (Cp)) T

Anai. kl,:zﬂcd " for C18H25N20201 C, 6:4‘.1‘9.‘, H._ 7.42; ’N, 8.32, Foundf C,

T 64.50; " 747 N.820

, Preparation of '5-[6 (2—Ch1oro-4-methoxyphenoxy)hexyl]-4—methy1-

| Jsoxazole (53)

Method of preparahon A o e,

~

: —E1uant for co]umn chromatography 857 hexane and 15% ethyl acetate

Y1e1d 59 6; mp 29- 31 C . 5 \

"‘IR(nuJon 1499, 1210 1043 e 'T;

g NMR 6 8. 20(5. 1H -N= CH-); 6.93-6. 73(m. 3H, Ar#). 3. 96(t 2H, J 6Hz. |
—O—CHZ—), 3 43(5. 3H —OCH3). 2. 85(t.‘2H J 7Hz.-‘—CH2-C =C-); 2. 20(s. ‘

Anal., 'calcd for c”sznozsm C, '60.08; H, 648 N, 42, . Found: £
6034H652N397 |

; '-Prepar'ation “[7 (2—Ch1oro—4-methoxyph‘e*noxy)heptyl]—4—methy1—
'1sothiazole (54) R \{ o
. R : v' | y \ A |
\ -t .

E kMethod of prepamt1on. A B S .

E]uant for co'lumn chromatogr'aphy 857 hexane and 15% ethy1 acetate o

5

3 Y'ield 52 3 bp 182""’1 |
. P
vIR(neat) 3074 2934 2869 1500 1215 Gose cm1

u

L NMR: ‘a-e_.zsi(s._ - -NaCH-), 6 96- 6. 76(m. 3, Ar—H). 3. 94(t. 2y 0 GHz, >

Vet

3K “CHy)i 2.03-1.10(n, 8H, -(CH2)4-—) R AR */

e



~CH2-O-). -3.76(s, 3H, —ocn3). 2.76(t, 2H Jh7Hz. -cuz-c-c-). 2. 16(s.
‘.3H —CH3) 2:01-1.15(m, 10H, -(CH 2)5~) )

kAna] ¢aléd. for C18H24NOZSC1 c, 61 10- H, 6.78: N 3 96.° Fqund: g.” 5%
61 35; H, 7.04; N, 4. 18. '

» Preparét1on of 5-[6—(2—Ch1oro—4—mgthcxybhenoxyyhexy1]1§o£h1azole.(§§)-

B
Method of-preparat1on A '_ -

- ;5iluant for co]umn chrométography 7SZ hexane and Zéi ethy] acetate
. { L ! R '.'
A Y1e1d 49 0; mp 40-42 C B o
: . !

843, 1605 1508 gn’) .+

IR(KBR): 3074, 293
NMR: 6 8.36(s,

i _’,‘

bcl): 7,0016.73{m. 4Hf -S=C=CH-, Ar-H); 3.93(t,
2H, J=6Hz, -0-CH,- ' | ' Gl
2. oo—T‘us(m Bt —(c52)4-) |

‘ An%l |

ca]cd for CycHooNO,SCT: C, 58.99; H 6.14; N, 4. 30. Found: C,
16"20"2 ——
- 59.22; H, 6.14; N, 4397 | SRR E S S

4

" Preparat}ion of 5-[7-(2-Ch'|oro-4-methoxyphenoxy)hepty]]1soth1azo1e (56)

4

HMethod of: preparat1on A ' o t‘ ‘ w : o b
‘,, :E1uant for cho]umn chromatography 807 hexane and 202 ethy] acetatev
g Y1e1d 55 9; bp 178-80° ¢/0.1 o " | ~"/,’j
| .IR(neat) 3074 2934 2852 1502 1212, .1058 cm_1 | .r‘ -
8 8. 36(s. . NCH-); T 00- 6.73(m, 4H,. -S-C=CH, Ar-H):3. 93(t.;’

Jﬂng '"J=6Hz, ~CH -o-), 3, 73(s. 3# -ocu3) 2, 90(t, 2H, 1. SHz, CH -c-c )i
2 03-1 10(m. 10H,- -(cuz)5 ) | : e
: Ana1. ca1cd for- C17H22NOZS£1 C, ‘%o 08; He 5 48; N, 4.12 Found C,

R
s ¢ ¢



‘.‘- ) ; ‘-.‘ 1.};, .A ) ‘ . ,’ ) 68‘
AR ~ L ' .

60.39; H, 6.67; N, 3.77. ,

'Pfeparation of 2—['6-(2-'-Ch1oro—4-méthoxyphenoxy)hexy'l];-4-methy1-

thiazole (Q_} | I -

o

| L,
Method of preparation A .
E1uant for co]umm chromatography. 257 hexane and 15% ethy] ac@tate

7 Yield: 69 3. bp 170-72°C/0.1 mm
: IR(neat) 3074 5943, 2852, 1495, 1217, 1||5A cm |

Mi? 66 96—6 Gﬁ(m, - 4H, —S-CH=C— Ar—H). 3. 96(t. 2H, J=6Hz. -CH -0 )i m-“b

¢

Y
"

'3 76(s, 31-{2" —OCH3) "2 99(t, 2H J=7 ,5Hz, -CH?_-—C=N—). 2. 46(s. 3, -CHj)s
2.10-1. 1é(m. B, i%?izxr-) L
Anal ‘ ca]cd for 017 é*:%a;,ﬂ] ‘/“_‘60.0(');'.h.' ‘@.-48; N,-‘ 4.12. -YF.ooné Co
59.94; H, 6.48; N, 486, b afy‘>§?a - ’ \
: . SRR S S
o) Preparatwn of 2-[7- (2-Ch1oro‘-4-§nethﬁypheho$epty1 ]Methyg‘- » &
‘ thiazole (58) A C L AR
' RS 3 5
Mei:h)d of pr‘eparahon A . 1 , :

E]uant for co'Iumt\ chromatography. 66% hexane and 337 ethyl acetate
] Vield: 68.5: mp 3032 . |
“IR(nujol): 1503, 1213, 00 e T LT
-NMR: 5 6.96-8.66(m, 4H, -s CH=C=, AkQH)~*3 93(t, 2H, J¥6Hz; ~CHy=0-);
L 3.73(s. M, —CH ). 2, 96(t~ 24/ 3e7. 5Hz. -CHZ-C=N ). 2. 40(s, 3H; -CH3)."
2,10-1, 10(m, T8H, —(CHZ)S—) e e 4
 Anal. calods for CrghpNO, s¢1: C, 61.10; H, 6.79; N 3,96. *Found: C,

‘\61';37:;’-"!," 6.82; Né-fbng_B, = ‘  S -» o }/



Ana'l calcdﬁpfor cun23 z°z°‘ C, 63. 25
629‘H 703N815 :

'Preparation of 5—[6 ('”f, “t—methoxyphenoxy)hexyl] l—metby] -1,2, 4—

. tr1azo1e (60)

% Yield: 50 3' 20 1.5400

' E1uant for column chromatography:’ 102 hexane and 907 ethyl acetate
% Yield: 80.2; bp 196-$8°C/0.,1 mm '
"IR(neat) 3088, 2959, ?asz 1605 1501, 1210, 1030 em™! - -

w

' Prébaratton Of 1;[?—(?—Ch1cro§4—methOXyphenoxy)héptyT]1midai01e (59)"

Method of preparation' B K ‘ . " L S

.‘.‘,
(\

4 i
ta/

 §7.43(s, H, -ﬁ CH=N ). 7.06-6. 59(m. 5H, Ar—H) 4. oo 3 62(m, TH.
* A
-6H -, —O-CH, - -ocﬂg). 1. 85-—1 23(m. 10

ﬁethod of preparat1on.kA‘i,za

E1uant for*co]umn chromatography 207 héXane and 807 ethy1 acetate

L)

' IR(neat): 2934 2860, 1497, 1216 &qu"-

',,/rm

{,Preparaticn of 5~&&p(2~Chloro—4-methoxyp s
f tr1azole '

i Méthod;cff preparationi A. -~ © T~

w B
NMR: & 7. 80(5. 1H —N—CH—) 7. Op-6 80(m; 3H AP—H). 3 99(t 2H J=6Hz.»-

“CH -o~):- 3.83(s, M, H—N'%H 3 3.76Cs . 3H, -OCH 3 2 78(t M,

-C-N-):’Z 00—1 25 8H -(CH2)4 ) e, |
Anal ca‘icd for‘ <:16 22”:§°z°" C, 59 355 H, 680 N, 42 98 Foucdv:_C.

'_@

59,623, H,- 6:76; 3. 95,

w4 . RN ol . P e . . PR . R
X 3 . - . L iy
- 3

oxy)heptyl J-1-methyl=1,2,4-

Y K ;.
Loty R i,

9 ; K)
m,-.-l,‘ s I

¢ b . : s . R v

-
P e
:



‘ ‘Eluhnt for column chromatography ZOZ;héxéﬁe and@BOZJQ%leldéetate-7j‘@*
1, Y1e]d- 48 0; mp 42-43° c. S S
“'Iﬁ(KBr)‘ 3074, 2943, 2864, 1497, 1222, 104 en -

‘; NMR:67. 80(s. M, —N-CH-N-), 6.96-6. 76(m. 3H, A;—H) 3. 96(t. 2H, J-5Hz.

~EH=CaN-); 2210~ Sh

,Amn ‘caled.  for C17H24 3051 c 60. 44 H, 7.11; N, 12.44, Found:
e, 60 29, H, 7. 18, N; 12.98.

Cat . -~ * o - > : o

,Preparat1on oF 5-[7-(2 ChToro—4—methox' ano&y)hepty]] 1—pheny1—1 2 4~

T

".

tr1azole (62) R

'W ) . '<, ’

Method of preparqﬁion A

5E1uant for co]uMn chromatography: 'BOZ.hexane and 707 ethy] acetate o

7 Yield: so,,\'g,,L n20. 1.5740 - . o q o

- dR(neat): 3070, 2934, zsso 1599, 1504 1212, 1851 en
RS 8.64(s, - M, -N-CH N-)3, ,82679(m. B, Ar-t); 3.99(¢, 2H,
o gz o) 3 72(s. 3, 0Hy): 2.7, 2H, I “6hzy, ~Chig=CN-);

" 2,20-1.15(m, 10H, () L n

~CH,-0-);. 3.80(s, 3H. -N-CH3). 3.73(s, M, ~0CH,); 2.71(t, 2H, 3-T, Sﬁz.
’ . B

o
LN N

A C. i W Co :
ﬂ--Anal. ca]cd for C N O Cl: C, 66.08;. H, 6.50; N, 10.51. Found: C, -
s _ » P o

166.38; H, 6.13; N, 10.62,

22 HagN302

ot

4. e s

e



:é}iv, : Chapter 3

Q/“ S ANTIVIRAL TESTING EXPERIMENTS

lﬂ vitro antivira] activity, exﬁ!«ﬁ’aﬂsp'were performed by a
p]aque reduction assay method. Vero cells weﬁe»infected w1th HSV-1 to

‘calculate percentage 1nhib1t10n (drug concentration of 5 ug/m]) and

»
Ar—

L MIC50 Va]ues of the synlhe51zed compounds. .
" @

-, 1 Percentage ﬂnhibition of plaque formation b{ HSV-] 1n Vero cells '

.»'.

e L,Mater1a1s 'J« - . "p,' l" o i - ﬁ 1
Vero ce]]s (or1gina11ysfrpm ATCC) were inﬁécted g;tn-Hsy—l offJLJ o
straln. 1soJated fromﬁa patient math herpes encepha]itds; The m1n1mum '

b o .

essentia] med1um (MEM)."‘eag]e d(mod1fied) was - bought from vFlow
vLaborator1eilgnc # and' was supp]emented with 100 1u/m1 penc1111n G 100

ug/ Y "reptomyc1n and 4% calf serUm. The compounds were d1sso]ved in

DMSO'to:get concentration of 10 mg/m1 and then further diluted by MEM
to 5 ug/ml. ~

Procedure

* Confluent monolayers of Vero ce11s were prepared in MEM in 60 mm-
: ’ o
c _t1ssue cu]ture plates and ma1nta1ned at 37°C 1n a hum1d1f1ed 5% CO2

ES

1ncubator For p]aque assays, the‘ ed1um was removed from the cells ;
'-and*rep1aced w1th 0.2 m]/p]ate of MEM conta1n1ng HSV-1 wixh or without
(control) the drug .to be tested V1rus was allowed to adsorb for one
hour in the‘ﬁncubator before the add1tion of 4 m]/plate ovar1ay (1Z
agarose 1n MEM) conta1n1ngﬂthe drug at the same concentrat1on as “in
“the virus preparat1on. " ‘After two of three days ih the 1ncubafor ’;Ef”
| 37“C . at a t1me when p]aquas were v1sib]e. the cells were sta1ned w1th :



{
0,02Z neutral fed‘in MEM for'at lTeast four hours before the ‘plaqueS'

were counted, | Each test was ‘doné in duplicate and the average of the

two plaque counts used in thetcalcu1ations;

 Tables 3.1 to 3. 5 show the . 1nh1b1tion of p]aque format1on by HSV—

1 4n Veré ce]]s by compounds at 5 ug/m] i
e
Compounddtf PRl Pfu/yﬂi x 108 % Inhibition' A
Number F S . . at 5 ug/ml »
R R - -
' 0.4 1 83
. ! 01
o v | 00
o | 00
S 1.0 58,5
0.8 66,7

‘541; “Inhibition by compounds with different carbon

: qh41n 1engths—-1soxazo1e ser1es. R
'~“f?f \" « . | |
",fﬁ#f numbsr of :Plaques courited’
. P-fU'/m e : . .
5 oj‘o( (V1rus and/or drug) so]ut1on added X . d11ut1on
I R U ‘.,‘ . L e -factor

Pfu/ml measured in the presence of drug
- - X 100

Pfu/ml measured in the atfsence of drug '“i ‘

dﬂ‘&;

“Z Inh1b1tﬁ6h = 100-
. P



. F
’9 |
Compound .| +  Pfu/ml x 108 % Inhibitjon
e Number at Soyg/ml
Contro] 1.9 0
_3:2# 0 100
40 0 100
35 0 100
38 R 0.1 94.8
50 0o 1100
52 - ° 0.9 52,7

Table 3.2: Inhibition by compounds Qﬁth d1fferehi%f0iaryl' .
/fsub;titut1on-—1soxazo]e and pyrazole series,

p
¢
, )
b
I
.

&



l. - .
. o
Compourid peu/ml x 10° 1. % Inhibition
Number *  at 5 ug/ml
Control 3.6 0
35 0 100
9 0. 100
50 0 100
51 0 100
s - 0 RPWER
'é_,* . . . £ y:
Ml TR ® . wg
55 . 0 S 100 -
56 0 100
K ¢ ' ]
. 58 * o : A .
= ; YL 3 .
60 0- 100
61 0 100
62 0 ;100
] 0 : 100

fab1e 3.8 Inhibition by“compOunds'iithadifferentl
: heteroaromatic moieties. '

‘There were too many small sized plaques to count

. ND: Not_Dbhe

7~

.

74

/
o
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.
&
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N7 /

3

; ot=CH, of carbon-c
L ? "f?{@,’- Aiir " :

e«",a
Tl

) LY
< i

" Table 3.5: Inhibition by comgounds with substitution on
' ' hain—1isoxazole series.

_"7§
Compotind Pfu/ml A 108 | 2 Inhibition -
Number at 5 ug/m
Contro 3.3 o -\
9 0 100 o
4 2.6 21.3
82 1.3 60.7 |
39 0 100 o
a7 0.4 87.9
ié 0 100
#
49 0 100
- J
1 0 100
43 0 100
Table 3.4: Inhibitiof by compounds with differént —O-aryl
moieties. = -
‘;
x "\_¥
-Compound Pfu/ml x 100 % Inhibition
Number " at 5 uggm! ~
T i e .
 Cogtrol 2.4 N0 :
9 0 100
Co ) . 0.5 Y 9.2 Do
( ) l, ) .' ‘ )
45 , 0 1000 °
16 | 0. 100




r. ' K
JF“; 2 Determinat1on of MICg, va]ues . * .

Sim1lar experiments (Secfﬁon 3. 1) vere carried out to Hetarm1ne <

“the MIC50 valués of ‘the compounds, showing 100% 1nh1b1t10n. by vary1n-
concentration of the drugs (10.0 to 0.7 ug/m]) For each compound
graph of pfu/ml versus drug concentration was plotted. An examplﬁf
shown for the reference compound 9 (ngure,3.1). | J ’“v;

The foHowing tab]es “(36 to 3~ 24) show the: minimumw@

" concentration redudred to reduce the plaque formation, by HSV

\

Vero ceffs:‘by 50%.

Compound | Drug - - Pfu/ml | MICS0 .
: ' : - g ¥
* 7| Number Conc. ug/ml x 108 ug/ml
e :
SRR N R .
£ | Control 0 5.1 |
N 10 L0
o ' : 5 , 0 -
R , - oo 1.3
, 3 - 1 2.6+ B 40
N 0.5 3.6
* R PP S I 40 |

Table 3.6

>



-

A

[

'Zr-

Pru/mlx 10°

1t ,

b e e e - -

Drug Conc. ug/mi

Figure 3.1: Graph of Pfu vs Drug cbncentrat1on for WIN 49321

'Tab]es_showing the effect of the concentrations of different "

compouﬁdsJon bfu/ml of HSV-1 preparation in Vero cells.

~ Compound Drug Pfu/m MICg,

Nomber | - Conc. ug/m] T ox0d ug/m]
. Lontrol o 0 : 12.3

SEE 5 17 o ;
’ , . ' 1.4
" ) 2 3.6
33 e 1 | 6.8
- 0-5 7--6 / -
o ’ K ~
0.1 9.6 o
» “ v .
‘ Table 3.7



P

. Compound

Nuﬁbef;}f ‘

o brug

Conc, ugYmI‘A—f .

'f\antqu

’0.‘-5

NI

N

0 L4

" Table 3.8

fr

| Numﬁﬁr

&

Comboﬂpdqf"

Drug

g «Coné.‘ughn% :

{ Pu/ml

ug/ml

| Control °

0.5
© 0.1,

1.0

Table 3.9




.3
o

Vybbmpoynd

" Number -

/
v/

| pfu/ml

X ﬂ08 a

~ Control

Lo\ : Ny
: if
‘\C?nc. ugécl

‘\0 - ’

-

5.1

10

\\ | 0
3.- 1

3.8

4.2 '

Table 3.10

7

;} Campound

NquéF,

o

Drug "

_‘Cbnt.*ug/m]

MICg

Qg/m]w |

] < a
;‘7Cpntro]

1.7

~Table 3.11



, SIS TR
» Compoundfﬁ'~4§ _Drug Pfu/ml | MIC

Numberj

Cohcf ug/mMy, “
. ' ..1“

x 10

ug/m)

50

A
Control

2.0
2.2

L2.3

0.5
1.8

3.4

5Tabie.3.12

Com39und; | ‘DEEE A Pfu/m M_IC50
Number ;Cpnc. ug/ml | x1105_ | ug/ml
S - " _
Contyrol 0 2.4
'3 uv 5 . ’ 0 ‘
& L \
2 0 .
. C 1.3
« 45— . 1.8
v ) . ) ’
0.5 2.0
0.1 2,2
Table 3.13 l

8




, '
[ ' i
. t — :

- -Conipound . Drug _(,Pfu/m1" MICsO
Numberl . A'Cénq. dﬁ/ml. - ;x"106  ,“ﬁg/mT 0
Control o f_2,4

| 5 0
‘ .2 0.2 .
SR A > . - 1.2
46 . 1 105
0.5 2.
S 0.1 7 | 22

LN

~

Table 3.74

"~ CGompound /

Numberﬁ o

Drug

‘Conc. ug/ml

Pfu/ml-

x.106‘

MICso

ug/rfl

 Control

1.5

1.6
3.4

4.1 *

4.6
6.3

1.6

Table 3.15

81



r o oy
o | L |
Compound Drug Pfu/ml | MICg,
Number HCovnc".’ ug/ml - | x 108 | d‘g/ni'i,
Control __ » 0 7.5
' 5 0
» 0.4
2 0.7 -
48 (. 2.6
g 0.5 3.4
‘;\" Ol :I Y 4 SIi
1 . 2 :
7" Table 3.16
C?mpound Drug Pfu/ml _'Mlcsd
“Number” Conc. ug/ml - <10 | ug/ml
Céntrol -0 ./ 7.5 1
5 . . 0v
2 0.9
49. i 2.3
<l o5 3.9
Y4
0.1 5.0

" Table 3.17



. z"
"Compqéynd o . Drug ‘Pfu/ml | MICg,
Nu;pt;er' A Conc. “ug/m1 X 106. qg/mT :
Control 0 53 |
: . 10 "0 ¢
A - o]
oy . 0.7
. t §_Q 1"_ " 2-2 - N
L) 0.5 2.9
) >H)' :
- 0.1 ¢ 3.3
» < " - ‘u .
 Table 3.18
a T 4’ e |
Gompound | Drug ~ Pfu/ml MIC»50
Number Cohc. ug/ml x 108 - ugl/m
N T - . .
.- Control 0 2.5 )
A . . : 5 0 .
D - .
- 2 0.6
1.3
51 : 1.5
. , 0.5 2.0
ko 0.1 | 2.0
- . . "\ .

83

&



' A ) R
1‘,% .- . s ‘ ‘LV" ' ,
Compound . Drug " Pfu/ml - ».MICSO r
Nu}rlber%” Conc. ug/m1 Cx b ug/m
Contro! 0 |oas |
{ . .. 0 :
‘ 2 . 0.5
\ | 0.7
54 T Lo e
0.5 s | €
oo e |
’ Table 3.20 ;
&‘ -
' Compound - Drug: pfu/m | MICG,
1 . e e v
- Number ., . Lonc.. ug/m1 X 1‘06 " ug/m!
Contro] D 2.5
» 5 o0
| R 2 0.6 '
- s : | 1.3
\5—-&;\ .I “.5
' 0.5 1.8
-,,_ 0.1 . . 2.0
Table 3.21

A

84

v



;e
Compound.  & . Drug ' Pfu/m MIC50
) ' Ndmpeh“ \ﬂ Epnc.,ug/m] x‘J?ﬁ .| ug/m y
' Control | 0 s ‘
| Ny T s
B 9 0.5
: 4 0. 7% 13
. 59 ‘. 1 1.6
— 05 "' 4.0
Co0a 4.3
Table 3.22
)
y
Compound .Drug\ 1 Pfu/m1 MIC50
Number Conc. ug/ml x 10° ~ ug/m1 :_
:-Cbntrdl -0 M12;3 .
5 " 0 ‘
2 '2.5.’« v O
61 T 6.1,
0.5 ° 7.2
0.1 9.8
. B | _

Table 3.23

.85




Y

Compourd Drug Pfu/ml | ﬁicso"

Nﬁmb;r Conc. ug/ml x 106 ug/mf
2 eontro1 0o 12,3
_ 5 0

, 7 ' 0.8
o 2 ‘1.3
‘62 ¢ 5.7
: 0.5 1.1
) 9.0

N 0,1
vV

Table 3.24

.86 )
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3.3 Preliminary study of. mode of. act1on ,
. - » * - "

- Recent studies 1nd1cate that two NIN compoundd{(ls ~§_) 1nh1b1t

the rep11cat1on of- HRV-Z and ~14 by Jnh1b1t1ng thé\;:toating of ‘the °

A1 0 In our 1aboratory three exper1ment01 variations, using

v

-7
-WIN 49321 (9). were carried out with HSV-1 to oBtain preliminary data

viral RN

on the mechanism of action of these synthesized compounds on HSV.1‘
virion. . ‘\g : 7 \ |
Experiment 1: Cells + wirus +‘erug‘in o%er]ey '

Experiment 2: Cells + vt}us, drug + drug.in overlay

Experiment 3: Cells + virus, drug + over]ay~

7 "2In the first expen1ment cells were infectee.with virus, kept ;;. L
the 1incubator for one hour and then over]ay (1% agarose) w1th or
without drug (5 ug/m]) was added to each p1$pe- The number of pfu/ml
in the presence of the 9rqg was found td be very close to the numbers
obtained in the absence of drug (Table 3.25), showing that'WIN 49321

-

did not inhibit the viral replication, efter the virus was bound and\
entered the cell. . .‘ - o« ”
In the second experlment _the so1ut1on of drug (5 ugﬁﬁA/“ thh
virus-was added to cells which were kept in the incubator for one hour,
' Over]ey (1Z‘hgarose) with drug solut1on was added to the p]ate ‘which
were kept for two to thrée days in the 1ncubator,, at wh1ch time
- plaques were counted. “In this experiment, WIN 49321 showed = 1802
inhibition (Table 3.25). | |
In the third experiment, tne solution of erug (5‘ ug/n1).‘Lith
virus was -added to cells which were kept 1n4the 1;cubator fq:ilene

:i‘an



>
N

. 4 : , 4 o
hour. Overlay (lzlaiasg;e) was added to the plates which weré kept for

two to ﬁhree‘ days in the incubator, at which time plaques were

L]

. cougtgd. . In ph1s experiment, ;he plaque formation was ﬁot inhibited

32

. completely b& thé-compound (Table 3.25). , .
Expt. -Compound Number Pfu/ml % Inhibition
()x 108 @ 5 ug/ml
1 ‘ Control . '3.6 : 0
. ~ . | ..
W{? 49321 , 2.9 19.5° oo
L \ A .
2 . Control 3.8 0 v
SN _ : ) : ‘
WIN 49321 0 ~ 100 -
I Control . 2.9 0
. WIN 49321 2,2 - 24,2

Table 3.25 Effect of WIN 49321 on HSV-1\Fep11cat1oh when drug
was added at different times.
The experiments suggéstlfh t the active compbunds inhibit one of

the early events of viral replicetion and should be pre%ent througHOut\

\

the viral replication cycle. The mode of action of'EHesJ compounds
against HSV-1_ is probJ@]y‘sihi1ér té that recen@]y described‘ for

“ HRV-14;

-



. o ‘Chapter 4
. ‘ . 1)

RESULTS. AND DISQUSSION OF ANTIVIRAL EXPERIMENTS

’ . o A / '

4.1 Results of antiviral experiments

_w,\N\wAj1 the syothes1zed compounds were tested in vitro to establish
‘ 'che structure—ect1v1ty re]ationships._.by a p1aqu€’ 1(’duct1on ‘assay
. method. Vero cells wgre\infected with HSV-1 for these experimeqts.‘

MICso Values were calcu]at d for the compounds with 1002 inhibition at
o ) { v

5 ug/hP

(a) The effect of change. in carbon chain length on ant1v1ra1 act1v1ty.
In the 1soxazoJe series (Tab]e 4, 1) the compounds with the best
activity against HSV-1 are those 1n which the connectjng carbon'chain

.

is 6 or 7; 2 ,

“HyC

.l o |

/ \ !

cuz)—o —~0CH; o
Compound “n ZInhibition MIC

number _ at 5 ug/ml ug/mQ) )
x| s 83.4 - 4 An
[ 6 100 . 1.4

9 7 o000 | 1.3 _, \

o3 8 | 585 ~ | - N
37 9 | 667 1w

Table 4.1, Isoxazole series - The effect of change in carbon chain
’ length on antiviral activity .
ND: Not Done



T {\ 90
o
(b) The 'efflect of changes in -D-aryl substitution okn)antww'al
activity. | l
. _m\‘;
@(wz)s L
F’
. . Ry ens
Compound _0@ ‘ % Inhibition MiCgq
number . R? , at 5‘ug/t'ﬁl~ (ug/ml)
\ ! ‘ .
39 -0 | 100 1.5
40 ..O_O.OCH3 100 1.0
oo ,
35 .;O—OOCHa ) 100 > 1.4 o
- . ‘ c bR
v I
-0 94.8 ND
" OCH3
- = ‘
. \/,f"’
Table 4.2a 'I;soxazole series--The effect ofchan in —0-;ary1

substitution on antiviral activity,
ND: ‘Not Done

£



| Compound. -~

o
oo )

In vitro ant1v1ra1 test1ng exper1ments against HSV 1 (Tab]es 3, Zaj}/,”

4 "p and 4, 2b) have 1nd1cated that the substitution pattern of the ‘-O—ary1
b"group has 3 profound effect on the act1v1ty of the compound Among the

;1soxazo1e series (39 40, 35 apd 38). the 2—chloro-4-methoxxphenyl‘7
gfisomer 35 is more ac;ive than the 3-ch10ro—5—methoxy—phenyk isomer 38

',and has comparab]e activity to the phenyl 39, and the 4-methoxypheny1’;

. L

‘ pyrazo]e der1vat1ves §g and §§'(Tab1o 4.2b).

C¥l 

. “30/(;\(%) —o—@ ey
o . Ry .
’ °/o Inhlbltlor(\,/ 50

Number ~ e
| 50 g 100 0.7
52 52.7 ND

ITab1e 4 2b Pyrazole series—-The effect of changes 1n —O-aryl

, substitution on antivira] act1vity. : R
ND: . Not Dane .~ /- - " '.mn--;_ A

o~

'(q_t'sug_/ml) (ug/ml) [

’40 COmpounds (Tab]e 4 2a) "The: some gonc]usion'can~be drawn -in° the -



"+ | compound R@ "N % Inhibition MiCgy | .
‘fb" o Number . . . (atSugmy) (ug/m)i
. ThHge T I , |

o> 7 . 100 1.3

100. . 13

R ‘\S .8 100 -
,VN\S. : -7 . "100: - 07 ‘ ..
' {00 | - /

100 1.3 | //{ /

 =}5; ,“*‘"_\ , I

N LB

. . " .ND /'
'gﬁkﬁ 7 » :
Nt 8 100, '

- ' ) . ‘ « . ~100. K 1'0
S fﬁt' I //

ST 5 SRR IS LA

s oy 7 joor o 050
= NN T

/z
z

O

X
w
|

212 B Rl kg 212 b I8 0|
(2]
—
o ~N o

,2
3
~3

Table 4 3 The effect of. Ehanges 1n heteroanomatic moiety on ant1v1ra1
‘activity. :

There Were too mahy small s1zed E]aques to count m'“ - o 1X;?f‘ 

ND Not Done Lo .. S ; o ‘ “ . A

. o '.-j\..\ H
+ - . v X . . ;» . .
' o ) B : .- . .
- - . . ! , » \'. .
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.

‘results (too many .small’ sized. p]aquesv’to~~c0uht

'(c) The effect of changes in“heteroaromatic ‘moiety on 'antivira1ﬂ

activity.

~

e,

In vitro' antiviral. activity studies against HSV-1. by plaque

reduction assay'method have ihdicated'thaf the 1soxazo1e-or pyrazole

w

rings can be replaced by other f1ve—membered heteroaromatic mo1et1es

o w1th retentJon of actT*Tty (Table 4 3), Isothiazoles 53-56 142,84~
 triazoles’ 60 | Ql and 62 and imidazole 59 are equ1potent with the‘

- 1soxazo1es 35 and 9 or pyrazo]es 50 and. 51 ‘ A]so. ?n th‘iease of

the 1, 2 4-tr1azo1es. the 1—pheny1 62 is as act1ve as th‘;

indicat1ng thaé\ the steric requirement of th1s¢ '

may not be-criticaT for ect1v1ty. In th1azo]es 57

1nd1cat1ng that the comppunds are not as act1ve as
(d) The effect of changes in- —O—aryl moiety on ant1v1ra1 act1v1ty
Tab]e 4 4 cons‘ders thereffect of var1at1ons in the —O—ary] group

on ant1herpet1c act1v1ty. When thi's funct1on is rep]aced by -Br as: 1n’

- 41 or by 3-methy11soxazo1e as in 42 the act1v1ty decreases W-O-—

of —0-pheny1 gg can be rep]aced by -S- or —SO— or -502— as in 47, 48

‘and-gg hespect}Vely,\ w1th retent1on of act1v1ty The -0- pheny] group
- can also be?rep13ced by an. -O—N heteroary] group 43 or —O heteroary]

'group 44 w1thout 1oss of ant1v1ra1 act1v1ty. , ‘.i "
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(e) The;effect of substitut1on ont!—CHz,of carbon ehaih on antiviral

activity. bf,

'AntiViral activity experIments aga1nst HSV~1 have 1nd1cated that

- the subst1tut1on of the dtz of the connectmg carbon chain w1th———f

g—SCH3 1n 27. —SOCH in 45 and —SOZCH

3 1n 46(Tab1e 4.5) a]so resu]ts in

SN o
\\



:u ’ °
‘H3C &
N
No~ (H); R
‘Compound = -~ R’ n - % Inhibmon MICgq
Number o _(Ot Sug 'm)  -(ug/ml)
2 "O"Q'k 7 100, 1.3
| ‘ A o
4 . =Br - 06 21.3 'ND -
., ’ ) CH3 ! : fos . ) .
2 [‘< 7 . 607 ND
4 o ‘°,N . | L |
39 ’-Qf@ .6 100 1.5

42_3 —so—@»' , 6 . 100 04
49 -..-sq2-© s 100 . 05

o |
- . - e =) | o ’ o .- .

ME 43 H_D 7. 100 1.8
. -

) Tab1e 4 4 The effect of changes 1n —O—aryl moiety on antiv‘qu]
A Cactivity.,
ND:" Not Done

& .



retention of activity similar to thio compounds,

L4,

&§.and“§2,l

The

sulfoxide 45 and sulfone 46 show significantly bettef activity. than

‘the sulfide 21, .-
. R
HC R« b
N?/ \E | ‘ | ’ D
07T CH(CHa)-0—{ p=—0CH; ° "
Compound R % Inhibition = MICsp
~ Number (at Sug/ml) (ug/ml)
S - -=H 100 1-3
27  -SCH 792 3.4
. 45 . -SOCH3. 100 1.3
. 46 100 1.2

—SOZPHj

. ‘/
(\<

'antiviral activity. .

2

=4
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nlfi;H of<carbon‘cha1n on o

’ Tab]e 4.5 The effect of substitution o



4.2. Discussion on antiviral experiments results _ . \

#For antiviral experiments, ”Vero cells were used because plaques

.formed in these ce11s by HSV-1 were easily countable compared to other

-ce\]s such as Hela and L-ce]ls.

-

' A pre]iminary data (Table 3.25) on the mechanism of. action of.
WIN 49321 on HSV—1 indicates that active compounds inhibit one of the

.early events of viral repTication and th; compbund should be present

throughout the viral repiication cycle Because the aitaqhment of the

compound to the'virus is a revens%blé‘step. An assumptionacan be made

, that these compounds inhipit.viral uncoating step simila(\fo the mode

of action of ari]done in poliovirus and HSV. Th1s particular step can

s
" be inhibited by stab1]tzing ‘the v1ra1 capsid The active com ?unds

‘ﬁGEd 1nteract1on with the caps1d for example, 7- bonding. H bonding or

hydrgphob1c interactions (as found.1n 15a), to 1nh1b1t viral . uncoat-

~.

ing.

) / ! B ', - . v . - .
- A recent study on HRV in Sterling-Winthrop Research Institufe and

" . Purdue Uniyersity has indicated that in 15a, 156xa;o1e portion of the

 spacer.

ﬁgains

é&-

molecule [fits into the hydrophobic portion of VP1 and oxhzb11ne group

" blocks tHe ion channel, awhereas,Carbon chain (n=7) acts as the proper , .

%i {1sr1y.' in bur studies. the compounds w1th ‘the best act1v1ty‘ '
HSV-1 ‘are those 1n ;h1ch the length of the connecting carbon
chain is 6 or 7 (Tab]e 4.1). ) o
, The study on the effect of changes in —O-aryl suﬁ;i1tution an
antiviral act1v1ty (Tab]es 4, 2a.b) has indicated that the positions df

—C} "and —OCH3 on phenoxy group are importapt for activity, bqt no
//. ‘\ - . . ‘ »"‘.

AN



>
conclusion can be drawn here, . . R
: Then effect of changes in heteroaromatic moietyi on antiviral

ectivity was studied by the‘cgmpounds in Table 4 3. A11’1 2 azoles are

£

more active compared to 1,3 azo1es because some plaques are found in

:thiazoles 57 and 58 but not in isothiazoles 53-56. On the other hand,

imidazole anaiogue 59 (1 3 azo]e) shows even better actiVity compared
1

to reference. This may be due to the attachment of the carbon chain to

—

. 'N 1n imidazo]e and to C in thiazole.

& o
Experiments for the study of the effect of: changes in- =0-aryl

: moietyf have indicated that this portioni(;O—aryl) of the compound is

important - for antiviral a;tivity (Tab]e 4:4)., Replacement of -0-aryl
with Br or isoxazole decreases the activity. This may be because "of

inefficient T -bonding with the vira] capsid. The inclusion of

su]foxide 48 and su1fone 49'thances the activ1ty because of better

lnteraction (H-bonding) with‘the v1ra1 cap51d Similar conc]usions can
be drav)n from the study on the effect, of substitution on Ol—CH2 of

-'canbon chain on antiviral activity, where sulfoxide and sulfone show

better activity compared to sulfide (Tab]el4.5); R
-1 ‘ ’ M ' - "
The plaque reduction assay method for-in vitro antiviral testing
has ' foi]owing advantages* : | )

D) It is simp]e. easy to hand]e and rapid as;ay. '

can be dcnezeasily.

(i1) The screening of the rapid' assay wunds for antiviral activity

(111) 1t ‘is an inexpensive method as it does not involve expensive

instruments. . o S SR
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- - However, there are some limitations:
(1) . The number of virions produced per cell cannot be eplcu1ated.
’ 3 N Y . o
(ii) It is difficult ‘to obtain reproduc1b1e  results because of

different ce]} tyﬁe. virus type and growth environment..
ﬂ(iii)‘cTh{srassayvcannot determine the\exgct mode of~qction SO fufthgr
hv ‘ extens1vé molecular studies shoﬁld-be dbne.‘ »

(iv) 'Formu1ation. 'bioayailéb111ty. metab&li&m.;ndvbtherk bharmaéo-

kinetic properties of the drugs cannot be studied.
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Chapter: 5

GENERAL SUMMARY AND ‘concwsxon@ \
‘ “Q ' - l . ( o
Baséd on"preHmfrra_ry quHca-t'lon:s from Sterling-Winthrop Research
Institute on a new class ‘of antiviral agent—the arildone class—-which

appears to have broad spectrum antiviral activ,'l‘ty': a systematic study

on ‘this class.of compounds was undertaken.  The general structure of.

this class of EOmpands is g"i\)'en by 63. . v
L v v LI ‘ ’
— 'R . "‘ ‘ *,, " . R1
o 0 CH (CH2)n—X— -
| i R,
. \ 63 o V .
A series of compounds was synthesued by varymg the fo]]owmg. *>

9

(a) _ ~ can be fwe-membered heteroaromat1c rings
(b) R cancbe o SR3, SOR® or 502R3
(¢) n can. have values from 4 to 8-

(d) X can be 0,5, SO 502 and CH2

(e) _&“' can be'a subst1tuted pheny1 group or may also represent a
h :
heteroaromatic group such as quinoline or benzotriazole.

(f) '-,x—&alcgn also be rep]a‘ced by Br or isoxazole. , - - ' A
. | ’ . ' ! v ' J

-

“"A11 these cempoends were tasted for their activity against HSV-1

'_1_n_ vitro by a p]aque'reduction assay method using Vero cells.



The following general conclusions have been made b-ged "on\ our

results: \

0\1.v Compounds 1n which the\ heteroaromat1c' group

o
3
©
o .
R
o
o
———b
o

pyrazole, '1soth1azole. 1m1dazo1e and 1,2, 4‘tr1azo1e s';:

s}
ARy

activities against HSV-1. Th1azolks give anoma]ous result

| ,
sized plaques are produced‘whfch are difficult L4

f b
the compounds are not as active as reference.

2. In 1soxazo1e'ser1es. where R=H, the best results are obtained with

compounds where n is 5 and 6, f

\

3. Thé compounds wherée R 1s/SOCH3 and SOZCH3 are comparab1e in
antiherpetic activity w1th_compounds where R=H and better than those
with .R=SC.H“3.\ . SR

4, In isoxazole series, the - compounds with X=0, SO and 502 are
equipotent and better than compounds in which X=S or CHZ

5. The compounds‘where 44(3[: is rep]accd by Br or isoxazole. are

24

inactiVve compared. to.reference.

6. In pheny} suﬁstituced compounds. the substitients R1'and R2 and

their‘positi;;;/of attachment to the ring are important in determining

the antihergetic activity. Compounds in’which the—fzg:\\é\\vp7 is

replaced by heteroaryl group,: such as quino]ine and bpnzotriazole.

~show high antiherpetic activity.

is work shows that theré.is a considerab]e difference in the

ant1henpet1c activity of members of this class of compounds with
/

changes in various moiet1es of the molecule. We have now 1dent1f1ed

‘ SOme mod1f1ed compounds which have comparab]e or superior activity to

o
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.- ) ,‘
*re%erence compound WIN 49321 againsf HSV-1, Compounds 48 48, 49. 50, 54.
59 and 62 can be used for further testing because these compounds have
two to three folds more antiberpetic act1v1t (in vitro studies) than |

v ' [ ' y (_v——— ) \
reference compound(WIN 49321)9. Because of the 1ipophilic nature of

these compounds, the drug solutions can bé‘prgpared by d15§o]v1ng in

?
su1tab1e solvent. These drugs in ‘solution may penetrate the skin for

v»the treatment of sk}n 1nfection caused by HSV. The sulfoxides and

'sulfones are also expected to show better act1v1ty in vivo because of.
efficient bond1ng (H-bonding) to viral capsid and h1gher ]1poph1]1c1ty
.compared to the reference compound(WIN 49321),

These compounds should also be.tested against- rhinovirus, in

—

. . 1 .
vitro and in vivo to .tdentify compands with brongspectrum antiviral

activity. o~
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