J. Braz. Chem. Soafl. 11, No. 2, 154-158, 2000. Almeida et.al ©2000 Soc. Bras. Quimicg
Printed in Brazil 0103 - 5053 $6.00+0.00

Article
Synthesis of Platinum Complexes from N-Benzyl Ethylenediamine Derivatives

Mauro V. de Almeid&”, Eloi T. Cesal’®, Emanoel de C. A. Felicf
Ana Paula S. Fontesand Malka Robert-Ger%

aDepartamento de Quimica, Universidade Federal de Juiz de Fora, 36036-330, Juiz de Fora - MG, Brazil
bColégio de Aplicagao Jodo XXIII, Universidade Federal de Juiz de Fora, 36036-330, Juiz de Fora - MG, Brazil
CDepartamento de Quimica, Universidade Federal de Minasi€e81270-901, Belo Horizonte - MG, Brazil
%CSN - CNRS - 91190 - GiffYvette - France

O ligante N-benziletilenodiamina e rileados foram preparados em bons rendimentos
utilizando-se metodologia diferente da descrita na literatura. Espectros de RiiNe di=13C
foram empregados para a caracterizacdo destes compostos. Nove novos complexos de platina(ll)
com estes ligantes, analogos da cisplatina e da carboplatina, foram preparados e caracterizados.
Testes preliminares vitro em linhagens celulares de carcinoma bucal humano (células KB)
indicam que estes complexos séo citotoxicos.

N-benzylethylenediamine derivatives have been prepared in good yields using methodology
diferent than that described in the literatdt¢.and13C NMR spectra were used to characterize
those compounds. Nine new platinum(ll) complexes, analogs of cisplatin and carboplatin, containing
these ligands have been prepared and characterized. Prelimivitnytests against buccal human
carcinoma cell lines (KB cells) showed that the complexes are cytotoxic.

Keywords: platinum(ll) complexes, N-benzylethylenediamine, anticancer agents, substitution
reactions

Introduction In recent years, extensive efforts have been made to de-
velop third-generation platinum complexes with a broader
cis-Diamminedichloroplatinum(ll) (cisplatihjs one of  spectrum of activity, improved clinical effectiveness, lack of
the most widely used and effective oncological agentsross-resistance to cisplatin, and enhanced water solubil-
against cancers of the testicles, ovaries, bladder, head aitgll3. Since some substituted ethylenediamine platinum com-
neck-4 Itis also an important adjunct for cancers of theplexes have shown antitumor activity against a variety of
lung, cervix and breastlts most spectacular success hascell tumoré4.15 and since aromatic compounds have shown
been in the treatment of testicular cancer, a form of cancehe possibility of intercalation between DNA bd$eae
previously resistant to any therapy, but now considered teought to synthesize several complexes containing N-
be curable in most cases. However, its clinical usefulnesisenzylethylenediamine and derivatives as ligands, which
has frequently been limited by severe side effeGtsuch  are analogs of cisplatin and carboplatin.
as nephrotoxicity, ototoxicity and neurotoxicity, and by the

emergence of cancer cells resistant to cisplatin. Experimental
cisDiammine(1,1-cyclobutanedicarboxylato) platinum(ll)
(carboplatin§-10is the only clinically successful second-gen- IR spectra were obtained on a Bomem FT IR MB-102

eration platinum complex, being less nephrotoxic andspectrometer in KBr pelletdd NMR (200 and 400 MHz),
emetogenic than cisplatin. These properties have been attri3C NMR (50 and 100 MHz) aA83Pt NMR (86 MHz) spec-

uted to the greater pharmacokinetic stability of its 1,1-cytra were recorded on a Bruker Avance DRX 200 and DRX
clobutanedicarboxylate ligand in solutidriZ Nonetheless, 400 spectrometers at the Federal University of Minas Gerais.
carboplatin still has drawbacks. Like cisplatin, it only exhibits Elemental analyses were done at the Microanalyses Labora-
arelatively narrow spectrum of antitumor activity, and it is nottory at ICSN/CNRS, Gif/Yvette, France. The cytotoxicity stud-
effective in the treatment of cancer cells resistant to cisplatiries were done at ICSN/CNRS, Gif/Yvette, France.
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1: IR vimaxKBr (cmrl): 3294, 3180, 3119, 3027, 2951, 2889,
2863, 1579, 1453,1282,1191, 1062, 1017, IF6RMR (400

All chemicals were reagent grade and were used with- MHz DMSO-dg) 52.01, 2.22 (2 s, 4H,1@NH,, CH,NH)

out further purification.

Synthesis of ligands PhGINIH(CH,)oNH> (a),
CIPhCH,NH(CH,)2NH, (b) and CHOPhCHNH(CH,),
NH2(C)

To ethylenediamine (6.7 mL, 100 mmol) in ethanol (30
mL), the corresponding benzyl chloride (20 mmols) was
slowly added during 4 h. The reaction mixture was stirred
for 24 h. at room temperature, after which time, it was

3.86,4.20 (2dd, 2H, ClAr), 5.30 (2 s, 2H, Nb), 6.60 (s, 1H,

NH), 7.40 (m, 5H, Ar)13C NMR (100 MHz DMSOdg) 6
46.3,54.3,55.3 (Cj), 127.9,128.4,130.0, 135.1 (A95Pt

NMR (DMSO-dg) 8 - 2357; Anal. Calcdor CgH14CloNoPt:
C,25.97; N, 6.73; H, 3.39; Cl, 17.04; found: C, 25.76; N, 6.91;
H, 3.43;Cl, 16.94.

2: IR vmaxKBr (cmrl): 3299, 3188, 3108, 2949, 2889, 1597,
1575, 1493, 1188, 1153, 1093, 1066, 1018, 840, 796, 753, 602,
496;1H NMR (400 MHz DMSO€g) 6 2.05, 2.21 (2 s, 4H,

evaporated under reduced pressure, and the residue puri-CH,NH,, CHoNH), 4.01 (dd, 2H, EAr), 5.27 (2, 2H, No),

fied on silica gel 60 G (0.2-0.5 mm), using dichloromethane/
methanol 9/1 as elueMtelds: 2.70 g, 90 % for compound
a; 3.14 g, 85 % for compourxdand 2.95 g, 82 % for
compoundt.

a IRVmax KBr (cml): 3294, 3027, 2934, 2850, 1568, 1453,
1312, 740, 699H NMR (200 MHz DMSCOdg) 52.19 (s, 3H,
NH, NH,), 2.45 (m, 2H, E&,NH,), 2.60
(m, 2H, G45NH), 3.68 (s, 2H, B,Ar), 7.28 (m, 5H, Ar}t3C
NMR (50 MHz DMSOég) $41.4,51.9,52.9 (Chl, 126.4,
127.8,128.0, 141.1 (Ar); M®(z %): 151(100); 134(12);
120(16); 106(2); 91(20).

b: IR vy KBr (cmrl): 3287, 2934, 2830, 1595, 1489, 1089,
1016, 803iH NMR (200 MHz DMSO#dg) 62.28 (s, 3H,
NH, NH,), 2.54 (m, 2H, EI,NH,), 2.62 (m, 2H, El,NH),
3.67 (s, 2H,E1,Ar), 7.35 (m, 4H, Ar)13C NMR (50 MHz
DMSO-dg) 541.4,51.8,52.0 (C§), 127.9, 129.6, 130.8,
140.2 (Ar); MS (n/z %): 185(100); 168(6); 154(28); 140(3);
125(99).

c: IRVmax KBr (cml): 3290, 3001, 2936, 2837, 1613, 1513,
1461, 1245, 1178, 1036, 828t NMR (200 MHz DMSQdg)
02.30(s, 3H, NH, Nk, 2.50 (m, 2H, €,NH>), 2.60 (m,
2H,CH,NH), 3.63 (s, 2H, €5Ar), 3.72 (s, 3H, OCHh), 6.85

(d, 2H, H3, H3', 4 ,8.6Hz), 7.22 (d, 2H, H2, H233C NMR
(50 MHz DMSO4g) 651.7,52.3,54.9 (Ch), 113.4,129.4,
133.0,157.9 (Ar); MS/z %): 181(92); 163(3); 150(4); 136(4);
121(100).

Synthesis of complexes [PHFPhCHNH(CH,)2NH))]
(1), [PtCIx(CIPhCH,;NH(CH,)2NH>)] (2) and [PtCh
(CH30OPhCHNH(CHy)2NH))] (3)

To a solution of KPtCl, (0.415 g, 1 mmol) in water (10
mL), the appropriate ligand (1 mmol) was dissolved in water
(5 mL), and added slowly with stirring. After 24 h in the dark
at room temperature, the yellow solid that formed was fil-
tered off, washed with water, and driéelds: 0.37 g, 90%
for compound;; 0.36 g, 80 % for compourithnd 0.35 g,
80% for compound.

6.65 (s, 1H, NH); 7.37 (d,2H, H3, H3’), 7.57
(d, 2H, H2,H2’, J.37.6 HZz)13C NMR (100 MHz DMSO-
dg) 346.4,54.1,54.3 (Cp), 128.3,132.03, 132.7, 134.1 (Ar);
195 Pt NMR (DMSO4g) o - 2361;Anal. Calcd. for
CgoH13ClaNoPt: C, 23.99; N, 6.22; H, 2.91; found: C, 24.21; N,
6.19;H,2.97.

3: IR Vimax KBr (cnl): 3280, 3193, 3135, 2970, 2932, 2837,
1612,1513,1452,1245,1180,1113, 1010, 835, 762, 628{513;
NMR (400 MHz DMSOek) 51.88, 2.10 (2 s, 4H KBENH,,
CHJ.NH); 3.70(s, 3H,0C}h), 3.90 (dd, 1H, H7’),5.26,5.34 (2 s,
2H, NH,), 6.53 (s, 1H, NH), 6.93 (d, 2H, H3, H3a;98,0 Hz),
7.46 (d, 2H, H2, H28)3C NMR (100 MHz DMSQdg) 546.1,
54.1,54.5(Ch), 55.0 (OCH), 113.7,127.0,131.4,158.9 (Ar);
195Pt NMR (DMSO4g) & -2359; Anal. Calcd. for
C10H16CbN,OPt: C, 26.92; H, 3.61; N, 6.38und: C, 27.25;
H,3.71;N, 6.25.

Synthesis of compounds [RPhCH,NH(CH,),NH,)]
(4), [PtI,(CIPhCH,NH(CH,),NH5)] (5) and [Ptl,
(CH30OPhCHNH(CH,),NH,)] (6)

A solution of KPtCl,(0.415 g, 1 mmol) anidl (0.664 g,
4 mmol) in water (10 mL) was stirred in the dark at room
temperature for 30 min, after which the appropriate ligand
(2 mmol) dissolved in water (5 mL) was addest. After
stirring 24 h in the dark at room temperature, the brown
product was isolated by filtration and recrystalized from
acetone/water. Yields: 0.50g, 83% ¢ompound}; 0.62 g,
95% for compound and 0.57 g, 91% féx

4: IRVmax KBr (cnrl): 3253, 3180, 3025, 2945, 2923, 1567,
1455,1148,1057,1112, 1007, 748, IBNMR (400 MHz
acetonedg) 3 2.70 (M, 4H, €,NH,, CHoNH), 4.09 (dd, 1H,
H7,J.7 13.8 Hz, d.\yy 10.3 HZ), 4.80 (s, 2H, Nj)} 4.90
(dd, 1H, H7", 3. 2.3HZ), 5.50 (s, 1H, NH), 7.50 (m, 5H,
Ar); 13C NMR (100 MHz acetonels) 648.3, 54.5, 57.0
(CH>), 129.2, 129.6, 130.8, 131.0 (Ar); Anal. Calcd. for
CgH142N2Pt: C, 18.04; H, 2.36; N, 4.68; found: C, 18.44;
H,2.37; N, 4.67.
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5: IR VinaxKBr (cnml): 3250, 3189, 3145, 2950, 2885, 1599, CH,NH,), 3.83 (M, 2H, CHAr), 5.44, 5.68 (2's, 2H, N},
1567, 1494, 1447, 1141, 1090, 1066, 1009, 841, 7961H491;  6.85 (s, 1H, NH), 7.45 (d, 2H, H3, H33 8.4 Hz), 7.60 (d,
NMR (400 MHz DMSO#g) 82.50 (m, 4H, GloNHo, 2H, H2, H2");13C NMR (50 MHz DMSOdg) 8 15.0, 30.0,
CH,NH), 4.05 (dd, 1H, H7 73 13.2 Hz, Any 9.2 Hz), 4.52 30,4 (CH cyclobutane), 45.0, 54.2, 55.4 [@% C(CHy)J],

(dd, 1H, H7’, 3.\ 4.8Hz), 6.06 (s, 2H, Np, 7.04 (s, 1H, 128.4,132.2,133.0, 133.3 (Ar), 177.1, 177.3(C=0); Anal. Calcd.
NH), 7.55 (m, 4H, Ar)t3C NMR (100 MHz DMSOdg) 3 for CrgH1gCIN2O4PL2H0: C, 32.26; N, 5.01; H, 4.12; found:
46.7,53.9,54.6 (Cp), 128.6, 131.8, 132.0, 133.7 (ABEPt C,32.36;N,4.51; H, 4.51.

NMR (DMSO-ds) 5 - 3313;Anal. Caled. for GH1:Cll» 9: IR VinaxKBr (cnrl): 3252, 3109, 3001, 2946, 1651, 1612,
NoPt.HO: C, 16.57; N, 4.29; H, 2.30; found: C, 16.16; N, 1515, 1253, 1181, 1115, 1025, 842, 4644 NMR
3.98;H, 1.96. (400 MHz DMSO#g) 51.64 (s, 2H, Chicyclobutane), 2.15

6: IR VmaxKBr (cnrl): 3238, 3185, 3000, 2951, 2827, 1609, (m, 4H, 2 CH cyclobutane), 2.66 (m, 4HHENH,, CHoNH),
1512, 1458, 1254, 1176, 1030, 835, 804, FAINMR 3.70(s, 3H, OCh), 3.75 (M, 2H, CHAr), 5.40,5.63 (2 s, 2H,
(400 MHz DMSO¥élg) 52.50 (M, 4H, El,NH,, CHoNH), 3.75 NH,), 6.67 (s, 1H, NH), 6.87 (d, 2H, H3, H3,3B Hz), 7.40 (d,

(s, 3H, OCHy), 3.95 (d, 1H, H7, 47 13.2 Hz), 450  2H,H2, H2)13 NMR (100 MHz DMSQsg) 315.0, 30.2, 30.3
(d, 1H, H7’), 6.01,6.05 (2 s, 2H, NH6.27 (s, 1H,NH), 6.95  (CH, cyclobutane), 45.8, 54.2, 54.7, 55.1, 55.4 {8H

(d, 2H, H, Hg, J3.28.4Hz), 7.42 (d, 2H, HHy); 13C NMR C(CHp)2 OCHg], 113.8,126.2,131.6,159.1 (Ar), 177.3,177.5
(100 MHz DMSO¢lg) 546.5, 53.6, 54.9 (Ch, 55.1 (OCHj), (C=0);193°t NMR (DMSO4dg) 6-1996; Anal. Calcd. for
113.9,126.5, 131.2, 159.3 (AF>Pt NMR (DMSO¢lg) 5- C16H2oN05Pt.3H0: C, 33.62; N, 4.89; H, 4.93; found: C,
3313; Anal. Calcdor CygHid N,OPtE: C,19.09; N, 4.45; H,  33.77;N,4.92; H, 4.83,

2.56; found: C, 19.52; N, 4.26; H, 2.57.

Results and Discussion
Synthesis of compounds [Pt(CBDCA)(PhGH (CH,)»

NH2)].H20 (7), [Pt(CBDCA)(CIPhCHNH(CH>)2 The syntheses of ligands Ph§MH(CH,)oNH> (@),
NH2)].2H20 (8) and [Pt(CBDCA)(CHOPhCH, CIPhCH,NH(CH,),NH5 (b) and CHOPhCHNH
NH(CHp)2NH)].3H20 (9), (CBDCA = 1,1-cyclobuta-  (CH,),NH, (c) are described in the literatiifelofrom the
nedicarboxylate) reactions of the corresponding benzaldehyde with ethyl-
enediamine, followed by reduction of the resulting Schiff
bases with formic acid. We found that these ligands can be
prepared in satisfactory yields by treatment of ethylenedi-
amine with the corresponding benzyl chloride in ethanol at
room temperature for 24 h (Scheme 1). The IR spectra of all
the ligands showed the characteristic absorptiong gt

at 3294 e, Ve Haromatict 3027 ¢t andve Haliphatic)

at 2934 crri for compouna, for instance. In addition to
these absorptions, the IR spectrum of compbisibwed
Vcl-C(aromaticyat 1089 cri and for compoundone can
observeyc_o_cat 1036 cni. These ligands were also char-
acterized usingH andl3C NMR spectroscopy. In tAel

NMR spectrum, signals were observedat 9, 2.45, 2.60,
3.68 and 7.28, corresponding to the BHpNHo, CHoNH,
CHoAr and aromatic hydrogens. For compooyalsignal

atd 3.72 attributable to the OGlwas also observed. In the
13C NMR spectrum, signals@#1.4, 51.9, 52.9 correspond-
ing to the methylenic carbons and signals irdth&3 to

160 region, due to the aromatic carbons were observed. For
compound, the OCHwas observed &t54.9. The mass

To a solution of 1 mmol of the appropriate iodide com-
plex (compound4, 5and6) in 5 mL of acetone was added
1 mmol of silver 1,1-cyclobutanedicarboxylate previously
prepared by reaction of 1,1-cyclobutanedicarboxylic acid
with silver nitrate in water. After stirring for 48 h at room
temperature in the dark, the silver iodide formed was fil-
tered off. The volume of the filtrate was reduced and after 24 h
in the freezer, a white powder was isolated. Yields: 0.16 g,
33 % for compound; 0.17 g, 31 % for compouBand
0.18 g, 31 % for compousd

7: IR ViaxKBr (cnrl): 3204, 3170, 3105, 2991, 2954, 2883,
1652, 1364, 1115, 755, 708, 4F2NMR (400 MHz CROD)

0 1.69 (m, 2H, €, cyclobutane), 2.25 (m, 4H, 2H5
cyclobutane), 2.73 (m, 4AHHGNH, CH,NH,), 3.80 (dd, 1H,

H7,3 5 10.8 Hz; 3.y 8.4 Hz), 3.93 (dd, 1H, H77dyn
2.8Hz),5.47,5.72 (2's, 2H, NH6.81 (s, 1H, NH), 7.45 (m,
5H, Ar);13C NMR (100 MHz DMSOdg) 515.0, 30.2, 30.3
(CH, cyclobutane), 45.8, 54.4, 55.3, 55.4 [BHC(CH,)5],
128.1,128.5,130.1,134.3(Ar), 177.2,177.4 (C=0); Anal. Calcd.
for CgHagNz04Pt. 1 HO: C, 35.65:H, 4.39; N, 5.54, found: g6 ra showed the following principal fragments. For com-
C,35.66;H,4.48,N, 5.43. pounda, m/z 151 (M+H); 134 (ArNHCH,CH,): 120

8: IR VinaxKBr (cnrl): 3268, 3144, 3013, 2995, 1658, 1548, (ArNHCHS,); 106 (ArCHNH) and 91 (ArCH). For com-
1377, 1305, 1098+ NMR (200 MHz DMSOeg) 81.67,2.20 poundb, m/z 185 (M+H)"; 168 (CIArNHCHCH,); 154

(2 m, 6H, 3CH cyclobutane), 2.70 (m, 4H,HGNH, (CIAFCH,NHCHy); 140 (CIArCHNH) and 125 (CIArCH)).
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For compound, m/z 181(M+H)+; 163 (OCHArCH,NCH,

CH,); 150 (CHOArCH,NHCH,); 136 (CHOArCH,NH)
and 121 (CHOArCHy).

cl H NH,
Sl
I/ \I
K[Ptly]
. NHz NH, ethanol Hz[o :t

X X X
aXx=H 4X=H
b X=Cl 5X=Cl
c x:OCH3 6X=0CH;
Ko[PtCl] Ag,CBDCA
2!
l”eo? r.t H,0; rt.
H NH H NH,
N ( z g
/P
¢l e
o@o
X
X
1X=H IX=H
2X=Cl 8Xx=Cl
3 X=0CH;z 9X=OCHjz
Scheme 1

The dichloro platinum(ll) complexes [P¥PhCH
NH(CHy)2NH))1 (1), [PtCHCIPhCHNH(CH,)-NH,)] (2) and
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Reactions o#l, 5 and6 with an aqueous silver 1,1-
cyclobutanedicarboxylate (AGBDCA) suspension af-
forded the corresponding carboplatin analogs [Pt(CBDCA)
(PhCH,NH(CH,)>,NH)].H,0 (7), [Pt(CBDCA)(CIPhCH
NH(CH,),NH>)].2 HO (8)and [Pt(CBDCA)(CHOPhCH
NH(CH5)2NH»)].3H,0 (9), (Scheme 1). The IR spectra
showed absorptions at 3204 énfvyy), 3064 cmi
(VcH aromatids 2954 ¢l (VcH aliphatid @and 1652 cr
(Vc=0), as well as thep;.yandvp.g at 472 cmland 535
cmrl, respectively. IthelH NMR spectrum, multiplets at
01.69 and 2.25 corresponding to the Titoups of the
cyclobutane ring were evident. The downfield shift of the
NH and NH signals was also evident, as mentioned previ-
ously for compounds 2 and3. In thel3C NMR spectrum
the signals corresponding to the £groups of the
cyclobutane ring appear&15.0, 30.2 and 30.3. The qua-
ternary carbon exhibits a resonanc®%8.4, and the car-
bonyl carbons @& 177.2 and 177.4. TA85%Pt NMR spec-
tra, as expected, showed only one signat 4896. Com-
pared to compoundk 2 and3, the coordination of the
oxygen atoms in these complexes causes a downfield shift
of the signal in th&95Pt NMR spectra, as expected. For
instance, the spectrum of [Pt(DACH)(ox)] shows a signal

[PtCL(CHOPhCHNH(CH,),NH,)] (3)were synthesizedby  atd- 1857 (DACH= 1,2-diaminocyclohexane and ox= ox-
reaction of the corresponding ligands wigifCl,] in water alate anior®3. Figure 1 shows tH&5Pt NMR spectra of
at room temperature for 12 h, and isolated by simple filtration. compounds3, 6 and 9. One can see the upfield and
For these complexes, one can see in the IR spectra the absorlownfield shifts of the signal when chlori8iés replaced
tions corresponding tg.n andvpr.cjat 495 and 322 ¢ for iodide 6 or carboxylate.
respectively, in addition to the absorptions observed for the
ligand. In thedH NMR spectra one observes that there is a
marked downfield shift for the NH and Nkignals compared
to those for the ligands. THSPt NMR spectra showed only
one signal @-2357, -2361 and -2359 for compouhdsand
3, respectively. These chemical shift values can be expected
based on data for similar compounds described in the litera-
ture. For instance, the spectrum of [Pt(DACH)Ghows a
signal ab - 2287 (DACH= 1,2-diaminocyclohexafe)
Compounds, b andc were reacted with an equimolar
amount of potassium tetraiodoplatinate(ll), generated
situ, to produce the diiodo platinum(ll) complexes
[Ptlo(PhCH,NH(CH2)oNH>5)] (4), [Ptlx(CIPhCHNH
(CHy)2NHo)] (5) and [Pth(CHzOPhCHNH(CHy)2NH))]
(6). Besides the absorptions observed in the spectra of the
ligands, the IR spectra of the iodide complexes showed one
absorption due t@pt.yat 491 crrit. ThelH andl3C NMR
spectra are analogous to those of compoindand3.
Thel9Pt NMR spectra of these complexes showed one The results of elemental analysis for all the complexes
signal a® -3313, supporting the proposed structure. Com- prepared are in agreement with the calculated values.
pared to compounds2 and3, the replacement of chloride Preliminary cytotoxicity tests for complexe® and3
by iodide causes an upfield shift of the signal irlL&83et were undertaken to verify their potencial as anticancer
NMR spectrum, as expectcl? agents. A standard test using buccal human carcinoma cell

1o

Ita

i

T T v T e T ol M ;
pom 10 agp  RWO 33p 2400 axe BN a0

Figure 1. 195Pt NMR spectra of complex&% 6 and 9.



158 Almeida et.al

lines (KB cells¥4.25was performedh vitro along with

cisplatin, as the reference drug, using a colorimetric method.
These compounds are not cytotoxic at 1 and 10md mL

concentrations. Complexésand2 show 30% and 65%
cytotoxicity, respectively, at a concentration of 50mgimL

Conclusion

This work describes the synthesis and characteriza-
tion of three N-benzylethylenediamine analogs used as
ligands for the preparation of nine new platinum(ll) com-
plexes. These complexes were fully characterized and have
potential for acting as cytotoxic agents, which was
demonstrated by a preliminary test done using KB cells.
Further investigation of the biological properties of the
new compounds is desirable to determine their possible

utility as anticancer agents.
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