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Abstract: Article describes the synthesis of fifteghhydroxy-G-arylalkanoic acids by
Reformatsky reaction using the 1-ethoxyethyl-2-bwatkanoates, aromatic or cycloalkyl
ketones or aromatic aldehydes. The short surveyesfiously reported synthetic procedures
for title compounds, is given. The majority of abtad compounds exert antiproliferative
activity in vitro toward human: HelLa, Fem-X cells, K562, and LS1@éHsc having 1Go
values from 62.20 to 20%M. The most active compound is 3-OH-2,2-di-Me-3-(4-
biphenylyl)-butanoic acid, having the gvalue 62.201M toward Hela cells. Seven
examined compounds did not affect proliferation hefalthy human blood peripheral
mononuclear cells (PBMC and PBMC+ PHA),s4C 300 uM. The preliminary QSAR
results show that estimated lipophilicity of compds influences their antiproliferative
activity in the first place. The ability of dehytien, and the spatial arrangement of
hydrophobic portion, HBD and HBA in molecules arashalmost equal importance as
lipophilicity.

Keywords: #hydroxy-G-arylalkanoic acids, Reformatsky reaction, antifieochtive activity,
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1. Introduction

Cyclooxygenases (COX) or prostaglandin endoperosgisehases (PGHS) are the key enzymes in
the synthesis of prostaglandins from their preau@@chidonic acid.

Arachidonic acid is cleaved from cell membrane jphodipids by phospholipase A2. The COX-1
or COX-2 converts arachidonic acid in unstable @edoxides PGG2 and PGH2 that are subsequently
metabolized by synthases to primary prostaglan8i@®2, PGE2, PGF2a, TXA2 (Tromboxane A2)
and PGI2 (Prostacycline). Prostaglandins are ifhid mediators made by most cells in the body,
except for red blood cells, and they are releagealrhost any type of chemical or mechanical stiraulu
[1]. The two definitely known isoforms, COX-1 andD®&-2, show distinct expressions patterns and
distinct biological activities.

The COX-1 is built in many different cells to cregirostaglandins used for basic “housekeeping”
messages throughout the body. COX-1 is a consulytiexpressed protein that is responsible for the
physiological production of prostaglandins [2].eT@BOX-2 is built only in special cells and is used
signaling pain and inflammation. This isoform isakalled inducible isoform of enzime COX [3]. In
inflammatory process COX-2 is overexpressed. Th&X-QQ@ariant protein, named COX-3, is sensitive
to inhibition with paracetamol.

Main therapeutic actions of NSAID-s (nonsteroidaitienflammatory drugs) are analgesic,
antipyretic and anti-inflammatory. Recently wasared that some of NSAIDs (Diclofenac, Naproxen,
Etodolac, ...) were investigated as antiproliferatagents [4].

We have synthesized fifteefthydroxy-G-arylalkanoic acids that are structurally similar @OX
inhibitors: p-isobutylphenylacetic acid (lbufenak) [5], 4-bipltatetic acid (Felbinac) [6]a-(4-
isobutylphenyl)propanoic acid (Brufen) [74-(6-methoxy-2-naphtyl)propanoic acid (Naproxen).[8]
Introducing the oxo-functionality in position fowf 4-biphenylylbutanoic acid increases their anti-
inflammatory activity (Fenbufen) [9]. Our compoundselong to the class of aryl- and
cycloalkylpropanoic acids, structurally similar tvitommercially available NSAID-s. Their anti-
proliferative activity toward malignant cell lin@gas evaluated in this work. With the aim to deterni
the undesirable cytotoxic effect of investigateadnpounds on immune competent cells the normal
peripheral blood mononuclear cells were used getaells, too.

There are several pathways in direct synthesig-bfdroxy acids. The careful control of the
conditions used for the hydrolysis can suppressiéigdration, and good yield of some hydroxy acids
have been reported [10]. In accordance with tleeditire /-hydroxy acids could be produced through
Reformatsky reaction by usirtgrt-butyl [10], trimethylsilyl [11], or tetrahydropyranyl [12] esters as
starting materials, which provide mild acidic cdmahs. This approach is commonly known as
modified Reformatsky reaction for direct synthesfs-hydroxy acids. Another method for direct
synthesigz-hydroxy acids can be used whes#bbromo acid is not accessible, and utilizes thaidiaof
carboxylic acids obtained by the reaction betweensa and extremely strong bases as Li-
diisopropylamide, instead of Reformatsky reagerd].[1In this reaction carboxylic proton amd
hydrogen are both substituted by lithium. The claissubstituteda-phenyl#-hydroxypropanoic acids
was obtained in this way.

It has been shown that the carboxyl grougrdifromo acids can be protected by allyl-zincbromide.
The obtained bromozinc salt undergoes the Refokyaeaction [14]. This method is applicabledo
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bromo acids having a bromine atom on secondargrtiaty carbon. In case of bromoacetic acid this
method is ineffective.

A method for direct preparation gkhydroxy acids using corresponding halomagnesiuis s a-
bromo acids instead @f-bromo esters, was described [15]. Ethyl-vinyl est&an be used instead of 2-
tetrahydropyranyl esters as intermediates in Redtsky reaction [16,17].

Readily accessiblerbromo ester-acetals, obtained by the action gfhalic vinyl ethers oro-
bromo acids, can be used in the Reformatsky reatmiodirect preparation g&-hydroxy acids [16,17].
The authors who reported these syntheses did mpatrtréull physicochemical characterization of
obtained compounds.

In our work we have synthesized these compounaeg ysieviously described methods [16,17]. All
compounds were characterized by their melting goiMS, IR,'H, and**C NMR spectra, and by
elemental analysis, as well.

2. Results and Discussion
2.1. Antiproliferative activity

In our previous communications the antiproliferatactivity of &-hydroxy-#-arylalkanoic acids was
reported [20-21]. Antiproliferative activity of slied compounds1(15) was assessed using Kenacid
Blue R dye binding method, as described in litemfd9]. Concentrations of examined compourids (
15) that induced the 50% decrease of survival (S) efd] Fem-X, K562, and LS174 cells 4L
obtained from graph (S%b&) are given inTable 1.1Cso Of known cytostatic drugcis
diammindichloroplatinum gqiss-DDP) was used as positive contr@deven examined compounds
1,3,4,7,1012 did not affect proliferation of healthy human biioperipheral mononuclear cells (PBMC
and PBMC + PHA) 16, > 300uM.

All the studied compounds, except compoutlsj affected the survival of HelLa cells, while
compound3 affected the survival of all four examined cefids. The most active compound toward
HelLa cells is compound, while the least active one is compourd Figure 1shows light microscopy
of four target cell lines after treatment for 72mMth medium alone (control), or with 15M of
compoundL.
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Table 1. Structures and Kg values of studie@-hydroxy-3arylalkanoic acids toward HelLa, Fem-X,
K562, LS174.cis-Diammindichloro platinum (cisplatirtissDDP) was used as a positive control.

Rs OH 0
R?SRE(OH
ICs0 (M)
N® Ri- R Rs- Rs- HelLa Fem-X K562 LS174
1 Me- Me- Me- Ph-Ph- 62.20 205 141 154
2 Me- Me- Ph- Ph- 80.56 / / /
3 Me- H- H- 2-Cl-Ph- | 97.20 89 92 93
4 H-  H- Me- Ph-Ph- 98.70 >200 >200 >200
5 Me- Me- fluorenyl- 99.07 / / /
6 Me- H- Ph- Ph- 99.41 / / /
7 Me- Me- H- 4-Cl-Ph- | 106.30 >200 >200 >200
8 H-  H- H- 2-ClI-Ph- | 117.80 >200 >200 >200
9 Me- Me- Me- 4-MeO-Phf125.80 136 >200 >200
10 Me- Me- cyclohexyl- 128.40 >200 >200 >200
11 Me- Me- Me- Ph- 133.17 |/ / /
12 H-  H- Me- 4i-Bu-Ph- [151.40 >200 >200 >200
13 Me- Me- H- Ph- 164.88 / / /
14 H-  H- Ph- Ph- 18255 / / /
15 H-  Et- cyclohexyl- >200 >200 / /
CisDDP / 4.31 4.70
HelLa Fem-x K562
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Figure 1. Light microscopy of four studied cell lines aftezatment for 72 h with medium alone
(control, upper row), or with 15@M of compoundL (bottom row). Cells were observed using an
inverted microscope and photographed by a digaalera (Olympus C-4040 Zoom).
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2.2. QSAR

The QSAR study was performed using estimated lipiegl (logP) and indicator variable, which
cumulatively represents the mutual arrangementyoirdgen bond donors (HBD), hydrogen bond
acceptors (HBA) and hydrophobic area within molesulA QSAR study of antiproliferative activity
toward Hela cells, against which compoudel4 are active, results with two-parameter correlation

log(1/ICsg) = + 0.167 (0.043) log— 0.154 (+0.051) — 2.527 (+0.12)

1
(n=14;r =0.941; s = 0.046; = 42.467; Q2 = 0.8103%ss= 0.059) )

LogP = log Kow) values were estimated by the Crippen fragmentati@ethod [22]. Indicator
variable,l, bearing value 1 for compounds having H owrarbon, and implicitly are prone for the
dehydrationj.e., loosing hydroxyl functionality (HBD) in positionear the aromatic moiety. Indicator
variable bearing value —1 was ascribed to compowrtdsh haveortho substituent(s) on the aryl (or
cycloalkyl) moiety, that stericaly hinders theiptanarity with C-OH bond. In this way it accoufds
changed electronic environment of oxygen atom tuerfcing the HBD ability ofOH group.
Inclusion of indicator variablé is a reminiscent of classical Free-Wilson approg@3j, that imply
factorization of differences on distinct positiohneolecules in separate groups, and posterior pielti
regression analysis of obtained matrix. Two digtstructural features were described by one indicat
variable in order to obtain statistics of highealify.

Table 2. Descriptors used in QSAR, obtained and from Hquodt predicted log(1/(1€s)) values for

HeLa cells.
N® logP I Obtained log(1/(16o)) Predicted log(1/(16))
1 4.16 0 -1.794 -1.833
2 3.88 0 -1.906 -1.880
3 212 -1 —-1.988 -2.020
4 2.89 0 -1.994 —2.045
5 3.53 0 -1.996 -1.938
6 3.18 0 -1.997 -1.997
7 2.83 0 -2.027 —2.055
8 1.56 -1 -2.071 -2.113
9 2.36 0 —-2.100 -2.133
10 1.99 -1 -2.109 -2.041
11 2.49 0 -2.124 -2.112
12 2.87 1 -2.180 —2.202
13 227 0 -2.217 —2.148
14 261 1 -2.261 —2.246

By using only lod values, the good correlation could be obtainecéonpoundd, 2, 5, 12 and14
(r =0.997), while something inferior one=< 0.858) by additional inclusion df 6, 7,9, 11 and13.
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After the energy minimization using molecular matba (MM+ force field), the similarity search
was performed using VegaZZ 2.0.5 software [24]. é8upposition of molecular structure details
(phenyl rings linked [25] to C-OHZOH group), C-OH and carboxyl carbonyl) of composigd- 14
upon the structure of the most active ohg &nd posterior correlation of root mean squangatien
(RMSD) of considered atoms positions with activatyd indicator variable (I as defined above), gives
low intercorrelation coefficients: activity/RMSD= 0.61 while fodl/RMSD,r = 0.69. This shows that
assumptions used for introductionldfas defined above) are well chosen.

Predicted log(1/(IC,)) values

2.3 . , . , . , ' , ' ,
2.3 2.2 2.1 -2.0 1.9 1.8

Obtained log(1/(IC, )) values

Figure 2. Correlation of predicted (from Eq. 1) and expenntally obtained log(1/(1€s) values for
HelLa cells (n = 14r = 0.941)

Values of used descriptors, obtained, and fronEipeation 1predicted log(1/(16)), are given in
Table 2 The relationship between obtainesl predicted log(1/(16)) in graphical formare given in
theFigure 2 The higher weight descriptor in correlation ie trstimated Idg, while indicator variable
that describes the stereoelectronic demands fadtiaty has a comparable weight.

2.3. Conclusion

The majority of synthesize@-hydroxy-3arylalkanoic acids exert antiproliferative actyin vitro
toward HelLa, Fem-X, K562 and LS174 havingd®alues from 62.20 to 206M. The most active
compound is 3-hydroxy-2,2-dimethyl-3-(4-biphenybijanoic acid. Seven examined compounds did
not affect proliferation of healthy human blood ipberal proliferation of healthy human blood
peripheral mononuclear cells (PBMC and PBMC+PHE}y B> 300uM.

The presence of COX in HelLa cells is documentedl. [2G could explain the higher sensitivity of
HelLa cell line to our compounds.
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A QSAR study of antiproliferative activity towardeHa cells, against which compountid 4 are
active indicate that estimated lipophilicity of cpounds influences their antiproliferative activity
the first place, and indicate that spatial arrangi@nof HBD and HBA (exerted by indicator variable)
has a comparable importance.

3. Experimental

Aromatic ketones, aromatic aldehydedyromo acids and ethyl-vinyl ether were reagendgrand
were purchased from Sigma-Aldrich or Fluka. Zirmwder was activated by treatment with conc.
hydrochloric acid, subsequently washed with dedilwater, ethanol, acetone and ether, dried for 2
hours at 120 °C and finally dried in the preserfc@aCh under the reduced pressure. Tetrahydrofuran
was purified by treatment with LIAIH(LAH), distilled in the presence of the exces4 AH and used
immediately after the distillation. For the syntisesf a-bromo esters-acetals, dry, thiophene-free,
benzene was used. All other solvents weaegrade.

IR Spectra were taken in KBR pellet on Perkin-EIm&25 spectrophotometetH and**C nuclear
magnetic resonance (NMR) spectra were recorded@5Q MHz with tetramethylsilane (TMS) as
internal standard on a Varian “Gemini 200" spectetenin CDC4. The mass spectra were taken on a
Finnigan-MAT 8230 BE MS, employing both chemicahimation (-C4H10) (Cl), and electron impact
(70 eV) (El). The elemental analyses were done leme&tar-Vario EL Il equipment. Melting points
were determined in open capillary tubes on Blcpeagtus and are uncorrected.

3.1. Syntheses

Compounds1-15 were synthesized by two-step reaction. In the fphase $cheme ) the
intermediate,a-bromo alkanoic 1-ethoxyethyl esterg-tfromo esters-acetal®l-1 to PI-4), were
synthesized.

f R
Phase |
Ry CoHe Ri O
R—COOH + 2 07N —— R2—|—/<
Br oS/
R;= H-, Me-
R,= H-, Me-, Et-
- Y,

Scheme 1Synthesis ob-bromo esters-acetals (Phase I)



Int. J. Mol. Sci.2007, 8 221

( )
Phase I
Rs 20, THF Rg PznBo
=0 + Rz
R R4 R
¢ Rit2 O\/
Rs ZnBrO
. m( 2o LR
RsR2
1 RR2
Ry= H-, Me-
R,= H-, Me-, Et-
R3 = H-, Me-, Ph-,
R4 = Ph-, 4-i-Bu-Ph-, 4-MeO-Ph-, 2-CI-Ph-, 4-CI-Ph-, Ph-Ph-, cyclohexyl-, fluorenyl-

_J

Scheme 2Synthesis of3hydroxy-#arylalkanoic acids (Phase II)

The second phase was the modified Reformatskyiosacteaction between previously synthesized
intermediates and suitable aldehydes or ketongseisence of Zn in tetrahydrofuran (THF) at %%
during the first few hours, followed by subsequesing to the room temperatur8c¢heme 2 The &
hydroxy-B-aryl, or cycloalkylalkanoic acidsl¢15 were obtained (Table 1).

3.1.1 Synthesis af-bromo esters-acetals (Scheme 1, Phase |)

In a 100 ml two-necked round bottom flask equippeth CaC} tube, argon inlet and magnetic
stirrer, thea-bromo acid (0.03 mol), ethyl-vinyl ether (3.375g00 ml, ~ 0.05 mol), 4-6 ml dry benzene
were placed, and stirred at room temperature foolts. After the evaporation of benzene and excess
of ethyl-vinyl ether, the residual mixture was dlistl under the reduced pressure. In this way obthi
esters were analyzed immediately by instrumentahous. By the longer staying at room temperature,
or even on the lower temperatures (@), obtained esters become yellow, probably due to
decomposition. The boiling points of synthesizethpounds were determined during distillation. The
compounds were characterized by elemental analj$8s,R, *H, and**C NMR spectroscopy. The
bromoethyl-vinyl ester of bromoethanoic acid, swsie of which is previously reported [18] was
characterized only by spectral data. These intelaiexi are labeled &2l-1 to PI-4, being result of
Phase | synthesis.

According to procedur8.1.1,the following intermediate compounds were syntreski

Pl-1. 1-Ethoxyethyl-2-bromopropanoate:C;H150sBr; My, = 225.02;Boiling point: 87°C, (3 mm

Hg); IR (Film) : 1 max(cm™) 2984, 2935, 1738 >C=0), 1139 cnl(v -C-0O-C-);*H NMR (CDCl )
(0):1.22 ¢, J 7.1 Hz, 3H); [1.23t% J 7.1 Hz, 3H)]; 1.43¢, J5.2 Hz, 3H); [1.44¢, J 5.2 Hz, 3H)]; 1.82
(d, J 6.9 Hz, 3H); 3.5-3.89n, 4H); 4.38 4, J 7.00 Hz; 2H); 5.97d, J 5.2 Hz; 2H);**C NMR (CDCl5)
(6): 0 14.78 (O-CH-E13); 20.23 [20.45] (CHCH3); 21.16 [21.33] (Br-CH-El3); 40.02 [40.31] (Br-
CH-_CHy); 64.37 [64.76] (O-El,-); 97.66 [97.96] (O-BG-O); 169.71 169.76 (Eeste); MS (ClI): 225
M™, 223, 207 (M-18), 52 (M-73), 144 (M-80¥jeld (%): 68; Elemental analysis (%):Calc.C, 37.35
H, 5.82; Found C37.16 H,5.83.
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Pl-2. 1-Ethoxyethyl-2-bromobuthanoate:CgH150sBr; My, = 239.11 Boiling point: 60°C (1 mm
Hg); IR (Film) : v max(cm?) 2978, 2939, 1737, >C=0), 1137V -C-O-C-);*H NMR (CDCl3) (J):
1.04 ¢, J 7.4 Hz, 6H); 1.21t(J 7.1 Hz, 6H); 1.45d, J 5.0 Hz, 6H)]; 1.97-2.21nf, 4H); 3.51-3.85m),
4H); 4.16 (, J 7.0 Hz, 1H); [4.17t J 7.0 Hz, 1H)]; 5.98q, J 5.4 Hz, 2H);"*C NMR (CDCly) (3):
11.51 (Br-CH-CH-CHg); 14.68 (-O-CH-CHs); 20.18 [20.36] (Ei;CH(OEL)-0); 27.82 [27.93] (Br-
CH-CH,-CHg); 47.47 [47.67] (Br-El-); 64.60 (-O-GH,-CHs); 97.66 [97.72] (CHCH(OEL)-0); 169.02
(169.14) (C=Qs).; MS (CI): 239 (M), 241, 167 (M-73).¥ield (%): 81; Elemental analysis (%):
Calc. C,40.18; H ,6.32; Found C, 40.47; H, 6.50.

The compoundd and2 are the distereomeric mixtures. In proton NMRc#@e the shift values
attributed to the minor diasteromer are given inasg brackets.

PI-3. 1-Ethoxyethyl-2-bromo-2-methylpropanoate:CgH1503Br; Mw = 239.11;Boiling point: 94
°C, 20 mm Hg;IR (Film): v max(cm™) 2982, 2932, 17321, >C=0), 1140 ¢ -C-O-C-);'H NMR
(CDCl3) (9): 1.23 €, J 7.0 Hz, 3 H); 1.45d, J 5.4 Hz; 3 H); 1.944, 6 H); 3.51-3.88rt; 2 H); 5.97 (,
J 5.2 Hz, 1H);**C NMR (CDCl3) (3): 14.86 (-O-CH-CHa3); 20.29 (GHsCH(OEt)-0); 30.37 (Br-
C(CHa3)2-); 55.86 (Br-GCHsz),-); 64.76 (-O-GH,-CHs); 98.12 (CHCH(OEL)-0); 171.16 (C=Qte)-;
MS (CI): 240 (M+H), 169 (M-73);Yield (%): 54; Elemental analysis (%):Calc.: C,40.18; H,6.32.
Found: C40.14; H,6.57.

Pl-4. 1-Ethoxyethyl-2-bromoethanoate: CgH1,05Br; M,, = 211.05;Boiling point: 85°C (3 mm
Hg); IR (Film): v max(cm?) 2983, 2937, 1734y, >C=0), 1285 ¢, >C-0), 1129 ¢ -C-O-C-);'H
NMR (CDCl3) (8): 1.22 €, J 7 Hz, 3 H); 1.44d, J 5 Hz, 3 H); 3.5-3.91nf, 2 H); 3,85, J 1.6 Hz,
2H); 5.97 €, J 5.2 Hz, 1 H);**C NMR (CDCl3) (3): 14.86 (-O-CH-CHz3); 20.57 (GH3CH(OEL)-O);
26.06 (Br-GH,-); 64.98 (-O-G,-CHj3); 98.43 (CHCH(OEL)-0O); 166.97 (€EOeste); MS (El): 168 (M-
45), 121 (M-89), 82 (Br)Yield (%): 71.

3.1.2. Synthesis gf-hydroxy-#-arylalkanoic acids (Scheme 2, Phase II)

In 100 ml three-necked, round-bottom flask, equibpéth CaC} tube, argon inlet and magnetic
stirrer, the Zn (0.02 mol, 1.30 g), aldehyde ooket(0.01 mol), 40 ml of dried THF, small amounts o
HgCl, and } are placed. Previously prepared esters (0.02 weie added from dropping funnel
during 30 min under the argon atmosphere. The iogachixtures were cooled in ice bath and
constantly stirred magnetically, until whole amoahZn was disappeared (10 - 48 h usually) [27 Th
THF was removed under reduced pressure followeaddjtion of 30 ml of benzene and 10 ml of cold
3M HCI. This reaction mixture was cooled af@ in ice bath, and stirred for ~3 hours. The organi
layers were taken. Obtained aqueous solutions agatgionally extracted with benzene. The combined
organic extracts were treated with 10% aqueous K@@l pH ~8 was reached (hydroxy acids were
converted in potassium salts). Alkaline aqueoustiwis were extracted by small amount of ether to
remove unreacted aldehyde or ketone. This soluttas cooled at OC and cold 10% HCI was
carefully added to pH~2.5, yieldinghydroxy acids, mostly as oil at first, turning ontrystals by
prolonged keeping on the low temperatures. In théy obtained acids were recrystallized from
benzene or-PrOH.

1. 3-Hydroxy-2,2- dlmethyl -3-(4-biphenylyl)butanoic acid: CigH2003; My, = 284.3% Melting
point: 142 °C; IR (KBr) : V max (cm™) 3513 (v ,-CH-OH), 3034 { ,-C(O)-OH), 2977, 1688 ¢,
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>C=0), 1238 ¢, -C-0);'H NMR (CDCl3) (8): 1.17 6, 3 H); 1.20 §, 3 H); 1.69 § 3 H); 7.31-7.63
(m, 9 H); *C NMR (CDCl3) (8): 21.65 (-C(G13),-); 25.10 (-C(OH)E3-); 50.05 (-GCHs)>-); 77.36 (-
C(OH)CHs-); 126.07 ¢-Ph); 126.98 ¢-Ph); 127.31 §-Ph); 127.63 (-Ph); 128.74 fi-Ph); 139.94
(PipsPh); 140.47 (Gso-Ph); 141.63 (Gss-Ph); 182.91 (COOH)MS (Cl): 285 (M+HY)", 267 (M-17),
197 (M-87);Yield (%): 32; Elemental analysis (%): Calc.: C,76.03; H,7.09. Found: C75.57; H,
7.28.

2. 3-Hydroxy-2,2-dimethyl-3,3-diphenylpropanoic adil; C;7H103; M, = 270.32;Melting point:
162°C; IR (KBr ): V max(cm™) 3570 (¢ ,-CH-OH), 3520 {/,-C(0)-OH), 1678 {/, >C=0), 1160 ¢, -
C-0);'H NMR ( CDCl3) (): 1.35 6, 6H); 7.13-7.47rh, 10 H, after the subtraction of CHGlignal at
7.2633); °C NMR (CDCl53) (3): 23.93 (-C(®3)2-); 48.71 (-GCHs)2-); 82.44 (GOH); 127.25 ¢-Ph);
127.39 p-Ph); 128.63r(+Ph); 144.62 (Gss-Ph); 185.24 (COOH)MS (CI): 253 (M-17), 183 (M-87);
Yield (%): 40; Elemental analysis (%):Calcd: C, 75.53; H, 6,71. Found: @5.22; H,6,74.

3. 3-Hydroxy-2-methyl-3-(2-chlorophenyl)propanoicacid; C,0H1:ClOs; M, = 214.65;Melting
point: 84 °C; IR (KBr): Vmax(cm?) 3325, 3420 ¢ -CH-OH), 3057, 2992  ,-C(O)-OH), 1707
>C=0), 1232 E -C-0); 'H NMR (CDCl53) (8): 1.09 @, J 7.2 Hz, 3 H, after the subtraction of CHCI
signal at 7.263); 1.16 ¢, J 7.2 Hz, 3 H); 2.88-3.11n{, 1 H); 5.31¢, J8 Hz, 1 H); 5.62d,J 2.2 Hz, 1
H); 7.18-7.63 1, 4 H); *C NMR (CDCls) (5): 9.14 (14.15) (-CH(El3)-); 42.55 (46.45) (-61(CHs)-);
69.68 (71.99) (-EBI(OH)-); 126.74 (127.34)n(-Ph); 127.91 (128.23)¢Ph); 128.73 §-Ph); 129.16
(129.44) 6-Ph); 129.52 (131.29) (C-Cl); 138.14{&Ph); 181.15 (181.66) (COOH)MS (El): 214
(M1),142 (M-73), 77Yield (%): 25; Elemental analysis (%): Calcd: C, 55.96; H, 5.17. Found: C,
55.41; H,5.02.

4. 3-Hydroxy-3-(4-biphenylyl)butanoic acid; Ci1gH160s; Mw = 256.30;Melting point: 136 °C;
IR (KBF): Vmax(cm?) 3521 (/,-CH-OH), 2977 {,-C(O)-OH), 1689 (/, >C=0), 1238 ¢, -C-O);
'H NMR (CDCl3) (3): 1.58 6, 1 H); 2.96 (d, J; J, 16.4 Hz; 2 H); 5.635 OH); 7.30-7.60r0, 9 H);
13C NMR (CDCl3) (3): 30.57 (CH); 47.92 (-CH-); 72.70 (C-OH); 124.850(Ph); 127.10 ¢-Ph);
127.14 6- and p’-Ph); 127.32 {1-Ph); 128.78 n-Ph); 139.98 ffissc-Ph); 140.58 (§so-Ph); 145.40
(CipsPh); MS (El): 256 (M), 238 (M-18), 197 (M-59), 153Yield (%): 27; Elemental analysis
(%): Calcd.: C, 74.98; H, 6.29. Found: C, 74.70; H, 6.48

5. 2-[9-(9-Hydroxyfluorenyl)]-2-methylpropanoic acid; Ci7H1603; M\, = 268.31;Melting point:
138°C; IR (KBr): V max(cm?) 3387 (¢, -CH-OH), 2984 {/ ,-C(0)-OH), 1725 (¢, >C=0), 1156 ¢/, -
C-0); 'H NMR (CDCl3) (3): 1.07 &, 6H); 7.19-7.61rf, 8 H); *C NMR (CDCl) (3): 20.98 (-
C(CHa)2-); 48.72 (-GCHs),-); 85.39 (C-OH); 119.97¢-Ph); 124.14-Ph); 127.80§-Ph); 129.45¢-
Ph); 140.43 (GscAr); 145.69 (Gyso); 180.65 (COOH); MS (Cl): 268 (M), 251 (M-17), 223 (M-45),
181 (M-87);Yield (%): 20; Elemental analysis (%): Calcd.: C, 76.10; H, 6.01. Found: C, 76.19; H,
6.19.

6. 3-Hydroxy-2-methyl-3,3-diphenylpropanoic acid;CisH1603; My = 256.30;Melting point:
180°C; IR (KBr): V max(cm®) 3525 ¢/, -CH-OH), 2991 ¢, -C(0)-OH), 1677 (, >C=0), 1225 ¢, -
C-0);'H NMR (CDCl3) (3) : 1.19 €I, J 7.2 Hz, 3 H); 3.65d, J 7.2 Hz, 1 H); 7.13-7.56nf, 10 H);*°C
NMR (CDCI3) (8) 13.04 (CH); 46.41 (-GH(CHa)-); 77.91 (C-OH); 125.300f ando’-Ph); 126.71
Ph); 127.12 if'-Ph); 128.18 - and p’-Ph); 128.47 ¢- and 0-Ph); 143.80 (Gso); 147.15 (Gpso);
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182.04 (COOH)MS (CI):.257 (M+H)', 239 (M-17), 183 (M-73)Yield (%): 35; Elemental analysis
(%): Calcd.: C, 74.98; H, 6.29. Found: C, 75.08; H, 6.11

7. 3-Hydroxy-2,2-dimethyl-3-(4-chlorophenyl)propandc acid; Cj;iH13ClOs5; M, = 228.67,
Melting point: 142°C; IR (KBr): V max(cm?) 3501 {, -CH-OH), 2989 ¢/, -C(0)-OH, 1683 (/,
>C=0), 1167 ¢, -C-0);*H NMR (CDCl3) () : 1.13 6, 3 H); 1.15 ¢ 3 H); 4.94 ¢, 3 H); 7.25-7.36
(m, 4 H); *C NMR (CDCls) (3) 18.34 (QGH3); 23.05 (QGHs); 47.50 (-GCHs)z-); 77.64 (-GH(OH)-);
128.07 (m-Ph); 129.07 ¢-Ph); 137.96 (Gso); 183.08 (COOH)MS (CI) 229 (M+H), 211 (M-18),
141;Yield (%): 40; Elemental analysis (%):Calcd.: C, 57.78; H, 5.73. Found: C, 57.735H,5.

8. 3-Hydroxy-3-(2-chlorophenyl)propanoic acid;CgHoCIlO3; M,, = 200.62;Melting point: 92
°C; IR (KBr): Vmax(cm?) 3476, 3311 ¢, -C(O)-OH, 1709 (¢, >C=0), 1164 ¢, -C-0); 'H NMR
(CDCl3) (9): 2.71 ¢d, J 9.8 Hz,J 16.8 Hz, 1H); 2.97dd, J 2.6 Hz,J 16.8 Hz, 1H); 5.53dd, J 2.2 Hz,
J8 Hz, 1H); 6.51¢ OH) 7.19-7.64r, 4 H); *C NMR (CDCl3) (3): 41.29 (-CH-); 66.91 (-GH(OH)-
); 126.96 (n-Ph); 127.32§-Ph); 128.98 rf+-Ph); 129.49 ¢-Ph); 131.38 (C-Cl); 139.45 (§); 177.57
(COOH); MS (CI) 201 (M), 183 (M-18), 141 (M-59)¥ield (%): 20; Elemental analysis (%):
Calcd.: C, 53.88; H, 4.52. Found: C, 53.65483.

9. 3-Hydroxy-2,2-dimethyl-(4-methoxyphenyl)butanat acid; C,3H1804; My, = 238.28;Melting
point: 120 °C; IR (KBI): V max (cm?) 3420 (v, -C(0)-OH, 2996 (v, -C(O)-OH, 1728 (v,
>C=0),1251 ¢, -C-0);'H NMR (CDCl3) (8): 1.12 6, 3 H); 1.15 ¢, 3 H); 1.64 ¢, 3 H); 3.79 §, 3 H);
6.81-7.37 fn, 4 H);**C NMR (CDCl3) (3): 21.56 (-C(®3)2-); 25.13 (-C(OH)Eis-); 50.11 (-GCHs)-
); 55.13 (GH3-O-Ar); 77.18 (-GQOH)CH;s-); 112.70 (n-Ar); 128.32 (-Ar); 134.72 (C-OCH); 158.59
(Cipso); 182.67 (COOH)MS (Cl) 239 (M+HY)", 221 (M-18), 151 (M-87)Yield (%): 45; Elemental
analysis (%): Calcd.: C, 65.53; H, 7.61. Found: C, 65.76; H, 7.94

10. 2-Hethyl-2-(1-(1-hydroxycyclohexyl))propanoicacid; CioH1g03; My, = 186.25; Melting
point: 89°C; IR (KBr) : Vmax(cm?) 3497 (¢, -CH-OH), 3411 ¢, -C(O)-OH), 2970 (¢, -C(0)-OH),
1686 (, >C=0), 1144 ¢, -C-O); '"H NMR (CDCl3) (8) : 1.25 6, 6 H); 1.21-1.69r, 10 H); *°C
NMR (CDCl3) (8): 20.74 (-C(®H3)2-); 21.41 ( 2'(4')-CH-); 25.53 (4'-CH-); 31.30 (2'(6’)-CH-);
50.11 (-GCHs),-); 74.63 (C-OH); 183.09 (COOHMS (Cl) 187 (M+H)', 169 (M-17);Yield (%): 28;
Elemental analysis (%):Calcd: C, 64.49; H, 9.74. Found: C, 64.20; H, 10.02.

11. 3-Hydroxy-2,2-dimethyl-3-phenylbutanoic acidCi,H1603; My, = 208.26;Melting point: 89
°C: IR (KBI) : Vmax(cm?) 3230 (/, -CH-OH), 3205, ¢, -C(0)-OH), 2989 (/, -C(0)-OH), 1723 ¢,
>C=0), 1159 ¢, -C-O);'H NMR (CDCl3) (8): 1.13 6, 3 H); 1.16 §, 3 H); 1.66 §, 3 H); 7.25-7.46
(m, 5 H); *C NMR (DMSO) (3) 21.54 (-C(®3)2-); 21.59 (-C(®s3)2-); 25.00 (-C(OH)Eis-); 49.98 (-
C(CHg)2-); 77.38 (-GOH)CHs-); 127.12 ¢-Ph); 127.23 §-Ph); 127.43 r-Ph); 142.52 (GssPh);
182.98 (COOH)MS (CI) 208 (M"), 191 (M-17), 121 (M-87)¥ield (%): 33; Elemental analysis
(%): Calcd.: C, 69.21; H, 7.77. Found: C, 68.97; H, 7.74

12. 3-Hydroxy-3(4-isobutylphenyl)butanoic acidCi4H2¢0s; My, = 236.31;Melting point: 90°C;
IR (KBr): vV max(cm™) 3515, 3400 ¥, -C(0)-OH), 2957 /, -C(O)-OH), 1683 (/, >C=0), 1244 ¢ , -
C-0);™H NMR (CDCl3) (3): 0.87 @, J6.6 Hz, 3H); 0.90d, J6.6 Hz, 3H); 1.55¢ 3H); 1.85 h, 1 H);
2.45 @d,J 7.2 Hz, 2 H); 2.91dd, J 16 Hz,J 39.2 Hz, 2 H); 5.76k OH); 7.10 ¢, J8 Hz) 7.30¢,J 8
Hz): *C NMR (CDCl53) (3): 22.34 (-CH(®3),); 30.10 (-GH(CHs),); 30.39 (CH-C(OH)-); 44.88 (Ar-
CH>-); 46.08 (-GH,-COOH); 72.74 (CH-C(OH)-); 124.06 ¢-Ph); 129.091(+-Ph); 140.51 (§ssi-Bu);
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143.57 (Gpso); 176.98 (COOH);MS (CI) 236 (M+), 218 (M-18), 177 (M-59)Yield (%): 42;
Elemental analysis (%): Calcd.: C, 70.11; H, 8.53; Found: C, 70.08; H, 8(®8th 0.2 mol HO; in
'H NMR spectra, presence of water is observed)

13. 3-Hydroxy-2,2-dimethyl-3-phenylpropanoic acid;C;1H1403; My, = 194.23 Melting point:
132°C; IR (KBr): V max(cm?) 3439, 3380 ¥, -OH), 2984 ¢/, -C(0)-OH), 1707 (/, >C=0), 1134
(v, -C-0);*H NMR (CDCl3) (8) 1.17 &, 6 H); 4.96 § 1 H); 7.32-7.36r0, 5 H); °C NMR (CDCl5)
(0) 18.50 (-C(MH3)2-); 23.29 (-C(®3)2-); 47.49 (-GCHa),-); 78.47 (HO-GH(Ph)-); 127.72 ¢-Ph);
127.96 (-Ph); 128.07 [§-Ph); 139.47 (Gss-Ph); 182.80 (COOH)MS (Cl). 194 (M"), 176 (M-18),
107 (M-87);Yield (%): 25; Elemental analysis (%) Calcd.:C, 68.02; H, 7.26; Found: C, 67.71; H,
7.55.

14. 3-Hydroxy-3,3-diphenylpropanoic acid:C;sH1403; Mw = 242.09;:Melting point: 217°C; IR
(KBI): V max(cm?) 3478 (¢, -OH), 2908 ¢, -C(0)-OH), 1688 (/, >C=0), 1232 ¢, -C-0);'H NMR
(DMSO) (3) 3.28 6, 2 H); 7.12-7.481, 10 H);*C NMR (DMSO) (J) 45.33 (-GH,-COOH); 75.71
(HO-C(Ph)-); 125.69 ¢-Ph); 126.60 (§-Ph); 128.07 r-Ph); 147.54 (GssPh); 173.35 (COOH)MS
(Cl). 242 (M) 183 (M-59); Yield (%): 40; Elemental analysis (%): Calcd: C, 74.36; H. 5.82;
Found: C, 74.22; H, 6.01.

15. 2-(1'-(1’-Hydroxycyclohexyl))butanoic acid;CioH150s; My = 186.25:Melting point; 86 °C;
IR (KBr): V max(cm?) 3384 (v ,-OH), 2936 {/, -C(0)-OH, 1710 (/, >C=0), 1193 ¢, -C-O);
HNMR (CDCl3) (3) 0.97 ¢, J 7.3 Hz. 3H); 1.22-1.81n{, 12H); 2.38 {, J 7.5 Hz, 3H);**C NMR
(CDCls) () 12.32 (-CH-CHs3); 19.41(-GH»-CHs) ; 21.59 (3'(5')-CHy); 21.79 (5'(3')-CHy); 25.51 (4-
CHy); 34.19 (2'(6)-CH); 37.11 (6'(2")-CH); 56.48 (-GH(Et)COOH); 71.96 (1-©OH); 181.00
(COOH); MS (CI) 186 (M+), 169 (M-17), 100 (M-87)Yield (%): 40; Elemental analysis (%)
Calcd.: C, 64.49; H, 9.74; Found: C, 64.23; H, 9.86

3.2. Cell culture

Human: colon carcinoma LS174, cervix carcinoma Heaad melanoma Fem-X cells, were
cultured as monolayers in the nutrient medium. Humayelogenous leukemia K562 cells were
maintained as suspension culture. Nutrient meditaa RPMI 1640 medium, supplemented with
glutamine (3 mM), streptomycin (10@/ml), and penicillin (100 Ul/mL), 10% heat inacited (56
°C) fetal bovine serum (FBS) and 25 mM Hepes, ansl atiusted to pH 7.2 by bicarbonate solution.
The cells were grown at 3T in 5% CQ and humidified air atmosphere.

3.2.1. Investigated compounds

Stock solutions of 15 acids, in concentrations®@friM in DMSO, were diluted in nutrient medium
to get final concentration in the range from 0-200.

3.2.2. Preparation of peripheral blood mononuatedis

Peripheral blood mononuclear cells (PBMC) were sspd from whole heparinized blood of two
healthy volunteers by Lymphopréb(Oslo, Norway) gradient centrifugation. Cells, waghhree times
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with Haemaccel (aqueous solution supplemented I8mM Nd, 5.1 mM K, 6.2 mM C4d, 145 mM
CI", and 35 g/L gelatin polymers, pH=7.4) were couraed resuspended in nutrient medium.

3.2.3. Treatment of LS174, HeLa, Fem-x and K56%cel

Neoplastic LS174 cells were seeded (6,000 cellswadl), while HeLa and Fem-X cells were
seeded at density of 2,000 cells per well, inton@d- microtiter plates, and 20 h later, after thedl c
adherence, five different, double diluted, concaidns of investigated compounds were added to the
wells. Only to 3,000 per well of K562 cells, invigsited compounds were added 2h after the cell
seeding.

3.2.4. Treatment of PBMC

PBMC Were seeded (150,000 cells per well), intorieat medium without, or enriched with
(5tg/ml) phytohaemaglutinin (PHA) (Welcome) in 96-weticrotiter plates. Two hours later,
investigated extracts were added to the wellsriptidate, to five final concentrations, excepttiee
control wells where only a nutrient medium was abde the cells. Nutrient medium with
corresponding concentrations of compounds, but @baklls was used as the blank.

3.2.5. Determination of cell survival

Cell survival was determined indirectly by measgriotal protein by the Kenacid Blue R (KBR)
dye binding method [19]. Briefly, after 72 h of ¢muous agent’s action, medium was discarded and
target cells were washed twice with warm (%7 phosphate buffered saline (PBS). PBMC were
always centrifuged 10 min at 2.000 rpm and supanawas aspirated, leaving a small amount of
medium, just to not disturb cells in the pelletefharget cells were fixed for 20 min with 150of a
mixture of methanol and acetic acid (3:1) and sw@if-3 h with 0.04% Coomassie Brilliant Blue R-
250 in 25% ethanol and 12% glacial acetic acid,hedsand bound dye was dissolved in desorbing
solution (1M potassium acetate, 70% ethanol). Alemace (A) at 570 nm was measured 2h later. To
get cell survival (%), A of a sample with cells gmo in the presence of various concentrations of the
investigated agent was divided with control optidehsity (the A of control cells grown only in
nutrient medium), and multiplied by 100. It was ired that A of the blank was always subtracted
from A of the concentration of the correspondingngke with target cells. I§g concentration was
defined as the concentration of an agent inhibitet§ survival by 50%, compared with a vehicle-
treated control.
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