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lbetract Antibacterial and antifungal activity of l0-
i :hJn! lmerhylene)-4-azatricyclo[5.2. L02 6Jdec-8-ene-3,5-

:\-c. derivatives węre examined by the disk diflirsion
-rht'rj tgrowth inhibition zone diamet€r in agal mediutn).
]}< rninimal inhibitory concentrations (MICs) for thę most
.E::\.. Jeents węre determinęd. Title compounds were also
.. r rt.d in vitro against HIV-I virus and their c)'totoxicity
r:' ::tcrminęd. Aminoalkanol derivatives exhibited activ-
.. !:3rnJt the majority of microorganisms studied.

\.t.ords .Ąntimicrcbial activity. 10-(diphenylmethy|ene)-
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Introduction

The interest in cyclic imides is duę to thęil biological
activity and wide application in the phalmacęutical indus-
try. Some of them are used in polymer production (Cho
et al. 2004: Mehdipour-Ataei and Hatami :005; Hoogboom
ęt al.2006). Many derivativ€s possess biological activity.
They have antibacteńal (Albuquerque et a|. |999; zentz et
al. 2002; Struga et al. 2008a, b), anticonvulsive (Stratford
and Curley I9E-l), hypnotic, sedative (Duarte et al. 2006;
Kozioł et a|. 2006), anxiolytic (Chi|mończyk et aI. l995),
and antifumol plopeńies (Di Pardo et al. 200l; Kumal and
Rajkumar 2006; Nakamura et al. 2006). It is also known
that compounds bealing short-aminę fragment possess
antibacterial and antifungal activity (Stefariska et al.
2008). The action of these agents could be connęcted with
their influence on microorganisms' cell membrane perme-
abi|ity (Zejc and Gorczyca ]008)' Thę introduction of thę
aryl grcup to the amine moiety shifted the activity fiom
antibactęńal (Foroumadi et al. :005) to antiviral, vr'ith a
spęcific action against human immunodeficiency virus
(HlV) (Pinna et al. 2001; Hadizadeh and Mehrparvar
2004; Riclrter et al. 2004). It was suggęstęd that thę
isopropanolamine unit' pręsęnt in thę HIV protease inhib-
itols (e.g., nelfinavil) and lęvęrsed tlanscliptasę inhibitoN
(e.g., delavirdine), could be responsible for their binding
propęrties (Di santo et al. 2002). Also' thę presęncę of a
polar moiety in thę strucfure ofanti-Hlv.l drugs sęems to
be important for their activity. Most of them contain the
piperazine nucleus or arylpiperazine fragment (Hadizadeh
and Mehrparvar 2004). For instance, in the structurc of
indinavil non-nucleosidic protease inhibitor, both amino-
alkanol and arylpipemzine parts can be found (Cheng et al.
2002; Zhang et al. 2003).

Q sp;"s*
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In this sfudy, we have combined thę structure of
polycyclic ring of 10-(diphenylmęthylene)-4-aZatricyclo
[5.2. I .0'Ż 6]dec-8-ene-3,5-djone with the alkyl chains bear-
ing diffęrent substituęnts. Activity of all de vativęs against
bactę a and fungi, as well as cytotoxjcity and HIV-l
actjVity of selęctęd compounds, węrę examined.

Materials and methods

All chemicals were of anaiytical grade (Aldrich) and were
used without further purification. The list of lo-(diphenyl-
methylenę)-4-azatlicyclo[5.2' 1'02'ó]dec.8 ene-3,5-dione
derivativęs that werę studied is presented in Table l'
Compounds used in this work were previously syntl]esized.

The stańing colnpound was obtained in Dięls-A1dęr reaction
of 1,1'-(cyclopenta-2,4-dien-l -ylidenemethylene)dibenzene
with 1H pyn ole-2,5 -dione (Kossakowski and Hejchman
2000) and later subjected to the reaction with 2-(chloro-
methyl)oxirane in anhydrous mediuin. Subsequently, the
Iesultant oxiranę ręacted with appropriate amines giving
aminoalkanol derivatives 4, 5, 6, 7 (Kossakowski and
Wojciechowska 2006). Alkf lation of I 0-(diphenylmethy-
lene)-4-azatricyclo [5.2. l ' 02'ó] de c-8 -ene-3,5'd ione with ap-
proprjatę amines gave cornpounds 2 and 3 (Kossakowski et
al. 200tt. By reaction ofthe title compound with l-brcmo-3-
chloroplopane or 1,4-dibromobutanę, substitutęd derjvatives
8 and 9, respectively, were obtained. Next, these compounds
węrę condensed \ł,jth se]ected arylpjperazines to fom
derivativcs l(}-l5' Imide 1 is a product of the ręaction of

TabIe l Chenlical structures of I 0.(dipheny lmcthy1eDe).4.azatricycloL5.2 ' l '0 ł6]dec.8.ene.3 '5.d jone dcrivativcs

9
10

1 1

-CH2'CH2 CH2 CH2-Br

_-QĄ?.cH2 t.Hf-(:Nz 
o"1)"e'

cH,-cH-cH,-N N-1" \J

7  
/ \-cH,-cH cH"-N N"j , '  -  
\J

8 -cHr-cH, CH2-C|

-cH.cHrcH, N\ 
i a\ /

t-t3co

-cH? cHf-cN, N\ 
/" 4\ //

F

cFz-cr -L!r-N\ \-cHr1 
/)

1  -OH
2

-cH" cH,-N )

\J
/-cH,-cH, cH"-N. \
cHs

cH"-cH.
-cH) cH cH, N-

I 'c n, cr,
óH

' i*
cH,-cH-cH,-NH-C CH.

i" 1,..
L4

H3CO

-cH,-cH, cH,-cH,-N N

\ /
HrCO
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Table 2 Antibacterial aDd
antifungal activities of
l0-(diphenylmethylene)-4-
azalricyclo. [5.2' | -o, ó]dec.s'

ene 3.5-dione and i ts
deńvatives: diametcr of the
growth inhibition zone lmml
and miDinral iDhibilory concen-
tralion (Mlcs) valu€s (in paren-
theses) (Bg/ml)

rd No activity
' Compounds not lis(cd above
were cornpletely iDactive in con
centration up 10 400 Fg pcr disk

S|aphvlocoĆcus aWc s A.|.Cc 1l63
skĘhylococcus aureus NrCC 25923
s|aph,'Iococc1lś a|rcus AICC 6538
Skeh|loto?].us aureus ATCC 29213
Staphylococcus epidentidis NICC 12228
Racillus subtilis ATCC 6633
Rocill s ceretls I\TCC 11118
En|eroĆoccus hirae ATCC 10541
14icrococcus luteus A1'CC 9341

llicrococcus h e s ATCC 1A210
Cu .li.la albicatt! ATCC 10131

Candida albica,L; ldCC 90028

Catutitu panpsib!is A'|CC 22Al9l

19 (200) f4 (t00)
17 (200) 20 (100)
20 (200) 24 (r00)
20 (200) 25 (r 00)
2l (200) 25 (100)
25 (r00) 30 (100)
20 (r00) 22 (r00)
22 (.200) 24 (200)
27 (r00) 29 (50)
27 (100) l0 (50)
20 (200) 24 (200)
20 (200) 22 (200)
20 (2oo) 23 (200)

CoDrpouDd'

17 (200)

17 (200)

18 (200)

l:1 (200)

r3 (200)

l.ł (200)

r3 (200)

Da (> 400)

l4 (200)

t6  (200 )

r3 (200)
r3 (200)
r2 (200)
12 (200)
12 (200)
t6 (200)
r4  ( r00)
l r (400)
18 (  r00)
r9  (  100)

I , I '-(cyclopenta-2,4-d icn- I ylidenemethylene)dibenzene
with I -hydroxy- l 'ry-pyrrole 2,5-dione (Kossakowski and
Prędka 2003)- For biological studies, l iee bases were
conveńed into corresponding hydrochlońde salts.

Biological assays

Thę antibacterial activity of compounds was tested against
series of collection strains of Oram-positive bacterial
Staphylococcus aweus ATCC 4163, Stapltylococas aLu'eus
/'TCC 25923, Staphylococcus aueus ATCC 29f13, Staph-
ylococ.'Lts ąureus ATcc 6538, Staphylococcus epklernlidis
ATCC ]2228' Bącillrls srlóri1ls ATCC 6633, Bącillus cercus
ATcc l l778' Ente]ococcus hirąe N|CC 10541, Micrococ-
cus luteus ATCC 9341, and Micrococcus lltteus ATCC
10240, and Gram-negativę rods.. Escherichią coli AłCC
10538, Escherichia coli ATCC 25922, Escherichią coli
NCTC 8 196, Proteus Nulgaris NCTC 4635, Pseudononas
aeruginosa ATCC |5442, Psetdononąs aentginosa NCTC
6749, Pseudomonas aeruginosa ATCC 27853, and Borcle-
tellą brotthiseptica ATCC 46|'7 ' Antifungal acti\'ity was
tested against yeasts| cal1didą ą|bicąns ATCC )023|,
Candida ąlbicątls ATcc 90028, and Cundida parapsilosis
ATCC 220191. Microorganisms used in this study were
obtained liom the appropriate collcction and wcre storęd in
the Depańment of Plrannaceutical Microbio|ogy' MedicaI
University of Warsaw, PoJand.

Antimicrobial activity was examined by the disk diffusion
and determination of minimal inhibitory concentrations
(MIcs) nethods undcl standard conditions, using Muellęr.
Hinton II agar medium (Bęcton Dickinson) for bacteria and
RPMI agar with 2% glucose (Sigma) for yeasts, according to
CLSI guidelines (CLSI 200óa). so|utions containing the
tested agents werc prcpared in methanol or DMSO. For thc

disk dil]i.tsion nlethod. stcrile papcr disks (9 mDr diametęr,
whahnan No. 3 chron]atography filter papel) wcre dippęd
with the tcsted compound solutions to obtain 400 pg of
substance pcr disk. Dry disks l'crc placed on the surface of
an appropriate agar nrcdium. Thc results (diamcter of the
glolł1h inhibition zon]e) wc|e read afłcl l 8 h of incubation at
35"C. MICS were examined by the twofold scrial agar
dilution tęchnique (cLsl ]00łjb)' Concentrations ofthe tested
compounds in solid nlediun ranged from 3.|25 to 400 |JĘ/
mL. The final rnoculunr ofsnrdied organi.ms was lOa CFU/
rnL (colony fomring units per ml), exccpt the final inoculum
for  E , / r i rucATCC l054 l ,  rvh ich  was  l0 j  CFUrmL.  M in ima l
inhibitory concentrations węre exanlined after l8 h (for
bacteńa) and 24 h (for ycasts) of inctrbation at 35"C.

Table 3 Cybtoxic i ry o l '
l0 (d iphcnylmolhylcne)-4-
azatricyclo-[5.]. L0r 6ldec'8-

ene-3.5.dionc lDd its deń!.ltiles

'' CCj, Conrpound concentra-
tion (l.(M) Iequir€d 10 reducc the
viabilily of nrock-infecled MT-4
ce11s by 50%. as d€temrined by
lhe MTT mellŃd'
b tFl Efavirenz: positive
control

Conrpound M T 4
CCso IpM]"

4

5

,7

8
9
l 0

I I
t 2
l l

l 5

EFVb

44
l 5 + 5
47

> t00
> 100
41
> t00
> t00
> t00

41
> t00

37

Q sp.r.g".
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Cytotox ic i ty  assays  der iva t i \ ' es  o f  l0 - (d ipheny lDethy lęne)-4-azat r i cyc lo

[5.2. 1.0-"]dcc-8-cne 3,5-dionc prcscntcd thc lowest cytotox-
Conpounds Conrpounds for cytotoxicity assays rvere dis- icity' Nonc of titlę compounds' however, fumed out to be
solvcd in DMSo at conccntlation of ]00 nrM and then active against HIV-I' The ręsults arc suInmarizęd in Tablę 2
di]uted in culturę nlędiurn. and Tablę t-

The obtained data may serve as a good subjcct for
discussion of the influence of chain length and subjected
amine type ofa conpound on its antinricrobial activity. [t
sęcms that antibactcrial activity is dctennined by kind of a
substituent at thę inride's nitrogen atom. Dęrivatives
containing (hydroxy)propyl l inker combincd with shorr
alline nloicty possess significant activity, whereas thęsę
with cyclic or arylpiperazine nnits appear inactivo. The
shoncning or lengthening of a hydrocarbon chain resulted
in a decrcasing of thc cornpound's activity. The best results
wcre found lor cornpounds 4 and 5, in which diethyl and
ler'r-butyl branchcs arc prcscnt. They were activc Inainly
against various Stuplqlococctts aureus ar'd lVlicrococctts
1lltcrls stlains. as u'e]l as Bacil/ils .!'óli//s ATCC 6633 and
Bąci|lus cerels ATCC ll778' Compounds l and 3 (with
hydroxyl and 3-dinrethylanrinopropyl group attacbed to thę
irnide ring) were also charactctized by broad antibactęrial
activity. The lnentioned derivatives were activc against all
tęstcd Grflnl 'positive bacteria and show antifi lngal activity
against selected c' ąIbicuns and C' prrl.apsilrrsl.r strains. The
MICs valucs wcrc in thc nngc bctween 50 and 200 pg/ml-.
The presence of butyl spacer and/or heteroarylpipcrazine
ring, and thcreforc in conscqucnce bigh lipophil ici ly, could
be the ręason of lack ofacti\' ity ofconlpounds 2 and ó-l5'

The cytotoxicity valucs arc in the rangc bctween l5 and
above 100 pM. For the compound 5, the obscrved valuc is
lowcr than for thc standard efavircnz (EFV). The conpounds
with lowcst cytotoxicity posscss hydroxypropyl l inker
connected to diethylanrinc (4) and ael.t-butyl (5) units.
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Ceils Cęll lines were purchased liom the Alncrican Typc
culture collection (ATCC). The absencę of mycop]asD]a
contanination was checked pcriodically by thc Hocchst
staining n'rcthod. Cell l incs suppolting the multiplication of
RNA viruses wcI€ the following: CD4' hulnan T.cells
containing an intęgrated HTLV- | genoIne (MT-4).

C)to|oxicit), e|, h!ąIion Exponentially growing cc|ls de
rivecl from huDan haenatological hrnors [CD4- hurnan
T-cells containing an integrated HTLV- l genome (MT-4)l
wcrc seędcd at an inil ial dcnsity of I l05 cells rnL in 9ó-
well plates in RPMI-1640 mediurr suppl(rmented u'ith l0%
foetal calf semm (FCS), 100 units/ml penicil l in G, and
100 !Lg/mL streptomycin' Cci] cuIturęs were then incubated
at 37'C in a humidified, 5% CO2 atmospherc in the absence
or pręsencc of scrial dilutions of test compounds' Cell
viabil ity was determined aftęr 96 h at 37.c by the 3-(4'5-
dimethylthiazol-2-yl)-2,5-diphenyl tctrazolium broD]ide
(MTT) method (auwels et a]. l9sli).

A,1ti HIV-I .rcllvily Activity of compounds (,1-15) against
hunan immunodeficiency virus type-l (HIV-l) was based
on inhibition of virus jnducęd cytopathogenicity in MT-4
cells acutely infęctcd with a multiplicity of infections (m.o.
i.) of 0.01. Briefly. 50 pL ofRPMI containirg 2x 104 MT-4
r.t'erę added to ęach wę|l of flat-bottom microtiter tlays
containing 50 pL of RPMI, without or with selial dilutions
of test compounds. Then, 20 pL of an HIV-I suspension
containing l00 ccID5() węrc addcc]' Aftel a 4-day
incubation, ccll viabil it) u'as deternrined by tbe MTT
mcthod (Pauwels et al l()Sl).

Results and discussion

In the pręsent sfudy' l0-(diphęnyllnethylcne)-4-azatricyclo-

[5 '2 ' l ' 0 . ' ]dcc-8-cnc-3 .5 .d ionc  dcr iva t i r cS  $crc  lęs tcd  in
vitro against bacteria, yeasts, and HIV-l virus. Prelinrinary
antimicrobial test by disk diifusion method showed activity
olconrpounds 1, 3, 4, 5 against Cram positive bacteria and
yeasts. Gram-negativc rods were resistant to ali tcsted
agents. The activity giving compounds in this assay \'\'ere
tested in order to detennine their nrinimal inhibitory
concentration values. The cytotoxicity and anti HIV-l
activity (data not showD, the results are available from
authols) of dcrivativcs Łl5 lvere determinęd' Aminoalkanol
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