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Abstract: In this study, a series of new seven ring-sulistitul-chloro-2-styrylquinazoline
derivatives were prepared. The procedures for gglof the compounds are presented. The
compounds were analyzed using RP-HPLC to detertipoghilicity. They were tested for
their activity related to inhibition of photosyntie electron transport (PET) in spinach
(Spinacia oleracea L.) chloroplasts. For all the compounds, the refehips between the
lipophilicity and the chemical structure of the died compounds are discussed, as well as
their structure-activity relationships (SAR).
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INTRODUCTION

A quinoline moiety is present in many classes ofdgically-active compounds. A number of
them have been clinically used as antifungal, actdrial and antiprotozoic drugs [1,2] as
well as antituberculotic agents [3-8]. Some qumelbased compounds also showed
antiasthmatic and antiplatelet activity [9-11]. Aeries of compounds derived from
8-hydroxyquinoline and styrylquinoline derivativegere recently synthesized as potential
HIV-1 integrase inhibitors [12-15]. These compoustswed a significant similarity to some



novel antifungal agents, namely homoallylamines].[XBur previous study dealing with
8-hydroxyquinoline and styrylquinoline derivativetiowed that they could also possess
strong antifungal activity [6-8,17,18]. According the results reported recently, some new
hydroxyquinoline derivatives also possess intemgshierbicidal activities [6-8,17,19,20]. In
addition, some of the quinoline derivatives invgsted also showed antineoplastic activity
[19,21,22].

Over 50% of commercially available herbicides agtréversibly binding to photosystem Il
(PS 1II), a membrane-protein complex in the thyldkonembranes which catalyses the
oxidation of water and the reduction of plastogu&¢23] and thereby inhibit photosynthesis
[24-26]. Some organic compounds, e.g. substituegddnilides [27] or pyrazine-2-carboxylic
acids [28] were found to interact with tyrosineicads Tyr, and Typ which are situated in D
and D proteins on the donor side of PS Il and due te thieraction interruption of the
photosynthetic electron transport occurred.

In the context of the previously-described azaraphes [6-8,17-22], new modifications of
quinoline moiety that can trigger interesting bgitml activity were investigated. The
compounds were tested for their photosynthesiditihg activity (the inhibition of
photosynthetic electron transport in spinach chgtasts Soinacia oleracea L.). Lipophilicity
(log k) of the compounds was determined using RP-HPL@& pitocedure was performed
under isocratic conditions with methanol as an wiganodifier in the mobile phase using
end-capped non-polar ;& stationary RP column. Relationships among thectira and
inhibitory activity related to inhibition of photgsthetic electron transport (PET) in spinach
chloroplasts of the new compounds are discussed.

RESULTSAND DISCUSSION

All studied compounds were prepared according tee®e 1. Microwave-assisted synthesis
facilitated the process of obtaining quinazolinkxtexd structures. 2-MethylHt
benzofl][1,3]oxazin-4-one was synthesized from anthrand@ds and acetic anhydride. A
further reaction with ammonia afforded 2-methylgaalin-4(3H)-one. Ring-substituted
2-styrylquinazolin-4(Bl)-ones were obtained from appropriate aldehydeshgusneat
microwave-assisted synthesis [7,29]. Further araaigdn with PO yielded 4-chloro-2-
styrylquinazoline derivativesl{12). Compoundd4-5 were described in Jampilekal. [7] but

for completeness' sake they are mentioned in Thble

Scheme 1. Synthesis of 4-chloro-2-styrylquinazolidel2: (a) AcO, microwave irradiation;
(b) NHs o microwave irradiation; (c) aldehyde, microwavedtation; (d) POGI
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Hydrophobicities (log°/Clog P) of compoundd-12 were calculated using two commercially
available programs (ChemDraw Ultra 10.0 and ACDR)gnd also measured by means of
the RP-HPLC determination of capacity factera/ith subsequent calculation of lég The
procedure was performed under isocratic conditigiis methanol as an organic modifier in
the mobile phase using an end-capped non-pofgrstationary RP column. The program
ChembDraw did not resolve the varying lipophilicitglues of individual positional isomers, in
that the same l0B/Clog P data were calculated f@r4, 5/6 and7-9. The results are shown in
Table 1 and illustrated in Figure 1.

The results show that experimentally determinedkleglues correlate relatively poorly with
the calculated log®. Compound5 showed the highest lipophilicity, while compout#
possessed the lowest hydrophobicity within indigidseries of compounds. Surprisingly,
3,5-OCH; derivative 6 showed much lower lipophilicity than expected dre tbasis of
calculated logP data and compared with 2,4-O¢Hk its hydro/lipophilic properties
diametrically opposed. If the lipophilicity datagld of three position isomerg-4, 7-9 are
compared, it can be stated that 3-alkoxy derivadi8epossessed higher hydrophobicity than
2-alkoxy derivative2/7 and 4-alkoxy derivativéd/9 showed the lowest lipophilicity. Due to
the facts discussed above, it can be assumedpbphllicity of individual compounds within
both series is strongly influenced by intramolecud¢eractions.

It can be assumed, that the determinedKa@ta specify lipophilicity within the individual
series of compounds (2-OCOgH2) < 3,5-OCH (6) < H (1) < 4-OCH; (4) < 2-OCH; (2) <
4-OGHs (9) < 2-OGHs (7) < 3-OCH; (3) < 4-OGH7 (10) < 3-OGHs (8) < 3-CH; (11) <
2,4-OCH; (5)).

Table 1. Comparison of the experimentally determined kogalues of compounds-12 with
the calculated lipophilicities (log/Clog P), electronic Hammett's parameters, and g
[umol/L] values related to PET inhibition in spinadhloroplasts in comparison with
3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) stiand.

Cl
o8
N/)\/\Q
| —R
=
log P/Clog P log P PET inhibition
CEM: A gk | Pemofiice ACDg/lLogP 1301 || cy [umoliL ]
1 H 1.1088| 5.50/4.51522| 4.47+0.54 0.0 285 [7]
2 2-OCH;s 1.1497| 5.38/4.43422] 4.47+0.57 -0.39 [31] a[7]
3 3-OCH; 1.1827| 5.38/4.43422 4.44+0.57 0.12 303 [7]
4 4-OCH; 1.1337| 5.38/4.43422] 4.41+0.57% -0.27 390 [7]
5 2,4-OCH, | 1.1953| 5.25/4.52322 4.30+0.57 -0.66 508 [7]
6 3,5-OCH, | 1.0228| 5.25/4.52322 4.30%0.57 0.24 862
7 2-OGHs 1.1554| 5.71/4.963220 5.00%0.57 0.02 [31] 287
8 3-OGHs 1.1926| 5.71/4.96322] 4.97+0.57 0.10 218
9 4-OGHs 1.1531| 5.71/4.963220 4.94+0.57% -0.24 207
10 4-OGH~ 1.1911| 6.20/5.49222| 5.48+0.57 -0.25 208
11 3-CHs 1.1939| 5.99/5.014220 4.93+0.56 -0.07 115
12 2-OCOCH | 0.7016| 5.09/3.86422 3.80+0.5¢ — 224
DCMU — — — — — 1.9

®precipitation during the experiment.




Figure 1. Relationship between calculated IBglata (ACD/LogP) and experimentally found
log k values of compounds12.
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The activity of the evaluated quinazoline derivasiwelated to inhibition of photosynthetic
electron transport (PET) in spinacihnacia oleracea L.) chloroplasts was moderate or low
relative to the standard, see Table 1. The PEThitihg activity was expressed by negative
logarithm of 1G, value (compound concentration in mol/L causing 5@#sbition of PET).
Compound 11 expressed the highest ¢4 115 umol/L) and compouné the lowest
PET-inhibiting activity (IGo = 862 pumol/L).

Despite the relatively low inhibitory activity ofi¢ studied compounds as well as the relative
scarcity of compounds for which PET-inhibiting &t could be determined, correlations
between log (1/16s) and lipophilicity (expressed as I&) or electronic properties (expressed
as Hammett'ss parameters [30,31]) of the benzylidene R substttder compoundsl-12
were performed, see Fig 2A and Fig. 2B. It is nmggible to perform clear conclusions from
the dependence of log (14§ on logk, due to large variation of biological activity for
compounds within narrow range of lipophilicity egpsed by logk, therefore neither
dependence nor any Figure can be presented.

According to Fig. 2A it can be stated that the dej@mce of PET-inhibiting activity on the
lipophilicity expressed as log? (ACD/LogP) shows quasi-parabolic relation except
compound12, which benzylidene substituent contains by onegeryatom more than the
other studied compounds and except compdun(R = CH;), where benzylidene substituent
does not contain any oxygen atom. On the other,itAediological activity was expressively
affected by electronies properties of these benzylidene substituents, Bge 2B. The
dependence of log (1/g) on 6 was bilinear, for compounds with in the range of -0.66
(compoundb) to -0.07 (compoundl) the activity linearly raised with increasing valof c,
however further increase ofled to sharp activity decrease. The most activepmund from
the series wagl (R = 3-CH). The results indicate that PET inhibition depends only on
the lipophilicity but also on the values of electronic properties of individual bgrdene
substituents whereby the effect of electronic pridgpe of benzylidene R substituent is more
important. The relatively high PET-inhibiting aati of compound12 (R = 2-OCOCH)
despite of low lipophilicity of this compound (ldg= 0.7016, log® = 3.8) can be associated
with additional interaction of the second oxygeanatin R substituent with photosynthetic
proteins.



Within a series of alkoxy derivatives it can be daded that introduction of methoxy group
to benzylidene decreased activity compared withubsituted compound analogous to
2-ethoxy moiety introduction. Contrary, substitatiby longer chain (ethoxy or propoxy
moeity) especially to the position 4 of the berdgthe ring (compoundd and 10) caused
significant PET inhibition increase.

Figure 2. The relationships between the PET-inhibiting ativog (1/I1Csg) [mol/L] in
spinach chloroplasts and lipophilicity (Id¢), see Fig. 2A or the electronic Hammeti's
parameters of benzylidene R substituents, se€Bigof the studied compoundsl?2.
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EXPERIMENTAL

General
All reagents were purchased from Aldrich. Kieselg@| 0.040-0.063 mm (Merck, Darmstadt,
Germany) was used for column chromatography. TL@egrments were performed on



alumina-backed silica gel 40,47 plates (Merck, Darmstadt, Germany). The platesewer
illuminated under UV (254 nm) and evaluated in medivapour. The melting points were
determined on a Boetius PHMK 05 instrument (VEB HKamat Nagema, Radebeul,
Germany) and are uncorrected. Infrared spectra veeaded using KBr pellets on the FT-IR
spectrometer Nicolet 6700 (Nicolet - Thermo SciemtiUSA). All *H NMR spectra were
recorded on a Bruker AM-500 (499.95 MHz f&d), Bruker BioSpin Corp., Germany.
Chemical shifts are reported in ppmd) (against the internal standard, Si41 Easily
exchangeable signals were omitted when diffusetieges were performed on Plazmatronika
RM-800PC microwave reactor with monomode cavity,gn#dic stirrer and external IR
temperature measurements. Microwave power was atimaly adjusted to achieve the
desired temperature unless specified otherwise.

Synthesis
Synthesis of 2-methylH4-benzofl][1,3]oxazin-4-one, 2-methylquinazolin-43-one and
ring-substituted 2-styrylquinazolin-4{}-ones was described in detail in ref. [7,22,29].

General method for synthesis of 4-chloro-2-styryi@aoline derivativesif12): A mixture of
ring-substituted 2-styrylquinazolin-4¢3-ones (0.01 mol)N,N-dimethylaniline (0.02 mol)
and phosphorus oxychloride (0.015 mol) in dry beezg&0 mL) was stirred and heated under
reflux for 3 h. The reaction mixture was then cddoded filtered. The filtrate was diluted with
benzene (30 mL) and the solution washed with wéd@rmL), twice with 20% aqueous
NaOH (50 mL) and finally twice with water. Afterying with MgSQ, the organic solvent
was evaporated and the product obtained was drgsthfrom heptane [7,22,29].

Compoundd-5 was described in detail in ref. [7,22,29].

4-Chloro-2-[ (E)-2-(3,5-dimethoxyphenyl )vinyl] quinazoline (6). Yield 55 % of bright-pink
ccrystals; MP 158 °C'H NMR (400 MHz, DMSO-g), 8[ppm]: 3.86 (s, 6H, 2-OC#}t 6.54
(s, 1H, Ar-H); 6.81 (s, 1H, Ar-H); 6.84 (s, 1H, M), 7.01 (d, 1H, C=C-H); 7.48 (t, 1H, Ar-
H); 7.65 (d, 1H, Ar-H); 7.78 (t, 1H, Ar-H); 7.89 ,(dH, C=C-H); 8.13 (d, 1H, Ar-H).

4-Chloro-2-[ (E)-2-(2-ethoxyphenyl)vinyl] quinazoline (7). Yield 64 % of orange crystalline
compound; Mp 153 °C*H NMR (400 MHz, DMSO-g), 3[ppm]: 1.06 (t, 3H, CH); 3.78 (q,
2H, CH); 7.04 (t, 1H, Ar-H); 7.12 (d, 1H, Ar-H); 7.37 (dH, C=C-H); 7.40 (t, 1H, Ar-H);
7.78 (t, 1H, Ar-H); 7.82 (d, 1H, Ar-H); 8.01 (d, 1tAr-H); 8.06 (t, 1H, Ar-H); 8.27 (d, 1H,
Ar-H); 8.47 (d, 1H, C=C-H).

4-Chloro-2-[ (E)-2-(3-ethoxyphenyl)vinyl] quinazoline (8). Yield 41 % orange crystalline
bompound; Mp 93 °C*H NMR (400 MHz, DMSO-g), 8[ppm]: 1.05 (t, 3H, CH); 3.77 (q,
2H, CH); 6.98 (d, 1H, Ar-H); 7.32 (d, 1H, C=C-H); 7.3539. (m, 2H, Ar-H); 7.37 (s, 1H,
Ar-H); 7.81 (t, 1H, Ar-H); 8.03 (d, 1H, Ar-H); 8.0, 1H, Ar-H); 8.11 (d, 1H, C=C-H); 8.26
(d, 1H, Ar-H).

4-Chloro-2-[ (E)-2-(4-ethoxyphenyl)vinyl] quinazoline (9). Yield 66 % of yellow crystalline
compoud; Mp 158 °C*H NMR (400 MHz, DMSO-g), 3[ppm]: 1.06 (t, 3H, Ch); 3.78 (q,

2H, CH); 6.82 (d, 1H, C=C-H); 6.99 (d, 1H, Ar-H); 7.437-79 (m, 6H, Ar-H); 7.87 (d, 1H,
C=C-H); 8.31 (d, 1H, Ar-H).

4-Chloro-2-[ (E)-2-(4-propoxyphenyl )vinyl] quinazoline (10). Yield 49 % of yellow crystals;
Mp 96 °C;*H NMR (400 MHz, DMSO-g), d[ppm]: 0.98 (t, 3H, Ch); 1.76 (dd, 2H, Ch);



3.98 (t, 2H, CH); 7.03 (d, 2H, Ar-H); 7.20 (d, 1H, C=C-H); 7.75, @H, Ar-H); 7.76 (t, 1H,
Ar-H); 7.99 (d, 1H, Ar-H): 8.04 (t, 1H, Ar-H): 8.081, 1H, C=C-H); 8.25 (d, 1H, Ar-H).

2-[ (E)-2-(4-Chloroquinazolin-2-yl)vinyl] phenyl acetate (12). Yield 54 %; of a bright yellow
crystalline compound; Mp 155 °CH NMR (400 MHz, DMSO-g), d[ppm]: 2.15 (s, 3H,
CHa); 7.03 (t, 1H, Ar-H); 7.07 (d, 1H, C=C-H); 7.11,(@H, Ar-H); 7.40 (t, 1H, Ar-H); 7.46
(t, 1H, Ar-H); 7.49 (t, 1H, Ar-H); 7.60 (d, 1H, A#d); 7.68 (d, 1H, Ar-H); 8.09 (d, 1H, Ar-H);
8.15 (d, 1H, C=C-H).

Lipophilicity HPLC determination (capacity factor k / calculated log k)

A Waters Alliance 2695 XE HPLC separation modulal an Waters Photodiode Array
Detector 2996 (Waters Corp., Milford, MA, USA) weused. A Symmetfy C;s 5 um,
4.6x 250 mm, Part No. WAT054275 (Waters Corp., MilfoMA, USA) chromatographic
column was used. The HPLC separation process wasitored by Empower™ 2
Chromatography Data Software, Waters 2009 (Waterp.CMilford, MA, USA). A mixture

of MeOH p.a. (55%) and #-HPLC — Mili-Q Grade (45%) was used as a mobilasgh The
total flow of the column was 0.9 mL/min, injectioolume, 30uL, column temperature,
30 °C and sample temperature, 10 °C. The detewtarelength of 210 nm was chosen. The
Kl methanolic solution was used for the dead tima¢ determination. Retention times)t
were measured in minutes. The capacity fackovgere calculated using the Empower™ 2
Chromatography Data Software according to fornka(tr - tp)/tp, where £ is the retention
time of the solute, whereas tlenotes the dead time obtained using an unretanatyte.
Logk, calculated from the capacity factkris used as the lipophilicity index converted to
log P scale. The log values of the individual compounds are shown ibl@4..

Lipophilicity calculations

Log P, i.e. the logarithm of the partition coefficient faroctanol/water, was calculated using
the programs CS ChemOffiddltra ver. 10.0 (CambridgeSoft, Cambridge, MA, US#&jd
ACD/LogP ver. 1.0 (Advanced Chemistry Developmemt.,| Toronto, Canada). Clog
values (the logarithm afi-octanol/water partition coefficient based on elsshled chemical
interactions) were generated by means of CS Chanelffitra ver. 10.0 (CambridgeSoft,
Cambridge, MA, USA) software. The results are shawhable 1.

Study of inhibition photosynthetic electron transport (PET) in spinach chloroplasts
Chloroplasts were prepared from spinaghirfacia oleracea L.) according to Masarovicova
and Kralova [32]. The inhibition of photosynthet&dectron transport (PET) in spinach
chloroplasts was determined spectrophotometriq@ignesys 6, Thermo Scientific, USA),
using an artificial electron acceptor 2,6-dichldiepol-indophenol (DCIPP) according to
Kralova et al. [33], and the rate of photosynthetic electromgport was monitored as a
photoreduction of DCPIP. The measurements wereiedarout in phosphate buffer
(0.02 mol/L, pH 7.2) containing sucrose (0.4 mal/lMgCl, (0.005 mol/L) and NacCl
(0.015 mol/L). The chlorophyll content was 30 mgi_these experiments and the samples
were irradiated (~100 W/fhfrom 10 cm distance with a halogen lamp (250 &g a 4 cm
water filter to prevent warming of the samples. Hbedied compounds were dissolved in
DMSO due to their limited water solubility. The dipgd DMSO concentration (up to 4%) did
not affect the photochemical activity in spinactocbplasts. The inhibitory efficiency of the
studied compounds was expressed by IGalues,i.e. by molar concentration of the
compounds causing 50% decrease in the oxygen evoluate relative to the untreated
control. The comparable ¥ value for a selective herbicide 3-(3,4-dichloropyi®e1,1-



dimethylurea, DCMU (Diurorf® was about 1.@mol/L [34]. The results are summarized in
Table 1.
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