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ABSTRACT

A seriesof varioudly substituted 3,4-diphenyl-3-butene-2-ones (6a-6l) have
been synthesized by condensation of phenylacetone and substituted aryl
aldehydes. These a,B-unsaturated ketones possessing cis-stilbene core
are structural analogs of combretastatin-A4, an effective anti-tumor agent.
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All the compounds have been characterized by 'H NMR, IR and mass spec-
troscopy and elemental analysis. The cis-configuration of the compounds
in this series was ascertained by single crystal X-ray diffraction study of

the representative compound (6€).
© 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Combretastatins, isolated from the African willow
tree Combretum caffrumKuntze (Combretaceae), are
knowntoinhibit thegrowth of cancer cdls(murine P388
lymphocyticleukemia)™. Themost potent compound
of thisclassof natura productsis Combretastatin-A4
(CA-4, (1), Figure 1), which strongly inhibitsthe poly-
merization of tubulin by binding tothecol chicinessite?.
CA-4 exhibitspotent cytotoxicity against abroad spec-
trum of human cancer cell lines. Thiscompound a so
didtsirreversblevascular shutdownwithin solid tumors,
leaving norma vasculatureintact, thereby actingasan
anti-angiogenic agent®. Thereisasignificantinterestin
the design of combretastatin anal ogsthat have more
beneficid pharmacologicd properties Asaresult, alarge
number of combretastatin ana ogsare being synthesized
and investigated for anti-cancer activity!. A water-
soluble phosphate pro-drug derivative of CA-4P (2)1%
was devel oped, and it ispresently undergoing phasel|
clinical trials. An amino acid pro-drug form of CA-4

(3), or AVE-8062, having favorablewater solubility, has
enteredinto phasel clinical trial §°.

Theanticancer potentid of combretastatin hasbeen
widely studied, but itisstill important to contribute, for
an ampleknowledge, onthebiological effectsof re-
lated compounds. Our efforts have been aimed at syn-
thes zing el ected stil bene-based combretastatin and ogs
and evaluating the cytotoxic potential of these com-
pounds, thusgiving aplatformfor the correl ation be-
tween structure and activity using different cell mod-
ed?,

In continuation of our efforts, we have synthesi zed
aseriesof o,B-unsaturated ketones (6a-61), which con-
tainthe cis-stilbene core present in the combretastatins
(Itiswel knownthat the combretastatinscontain acore
cis-stilbene nucleuswhichis necessary for agood fit
intothecolchicinebinding sitein tubulin®. Thecis-con-
figuration of combretastatinsisresponsiblefor itsanti-
tumor activity). Theassessment of ability of thesecom-
poundsto inhibit the growth of L1210 and B16 cells
(murineleukemiaand melanomacell lines) ispresently
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SCHEME 1: Synthetic pathway of combr etastatin ana-
logues (6a-6l)

H H
ey )
H;CO OCH; OCH;,
(1), R =-OH, cis-combretastain A4 or CA-4
(2), R =-0OPO4

(3), R =-NHCOCH(NH,)CH,OH, AVE-8062
Figurel: Sructuresof combretastatin-A4 (1), CA-4P(2),
an amino analog of CA-4 (AVE-8062) (3)

under progress. Even though such enone-containing
moleculescan potentidly undergo Michad reectionswith
biologica nucleophilessuch asglutathione?, they are
worthy of further investigation because o, 3-enoneana-
logues of CA-4, have been found to exhibit potent cy-
totoxicity againgt cancer cdllsin culturé®?, Inthiscom-
munication, wewish to report synthesis, characteriza-
tion and geometry of themol eculesabout stilbenedouble
bond. The cis-geometry of the compoundsin thisse-
rieswasconfirmed by singlecrystal X-ray diffraction
study of therepresentative compound (6€).

2.RESULTSAND DISCUSSION

Twelve combretastatin A4 ana ogs have been syn-
thesi zed asdepictedin SCHEME 1. Phenyl acetong®¥
(4) wastreated with appropriate aryl aldehyde (5a-5l)
inethanal in presence of concentrated hydrochloricacid
under reflux conditionsto obtain desired o, 3-unsatur-
ated ketonesingood yidd. Thecrudecompoundswere
purified by column chromatography usingsilicage . All
the compounds were characterized by *H NMR, IR
and mass spectroscopy and eemental andysis. ThelR
spectraof thecompounds showed characteristic band
for carbonyl group intheregion 1650-1677 cn. The
'"H NMR spectra were recorded in CDCI, which
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TABLE 1: Sructuresof thecombretastatin A4 anal ogs (6a-6l)
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showed the presence of three proton singlet for methyl
protons of acetyl group at around 6 2.26-2.46 ppm.
The characteristic singlet for olefin proton appearedin
thedownfieldregion at 6 7.42-7.85 ppm. Theeemen-
ta analyssof dl thecompoundswasin agreement with
their theoreticad va ue. Thestructuresof the compounds
arepresentedin TABLE 1.

Theorientation of thetwo phenyl rings about car-
bon-carbon doublebondisvitd fromapractica stand-
point becausetwo forms(cis- and trans-) of combretas
tatin havedifferent biologicd activity. Theknowledge
of thegeometric form of the combretastatin analogsis
primarily important for drug-col chicineinteraction. The
geometry of the two phenyl rings about the carbon-

0
Hec< H
(6f) =
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Figure2: Molecular gtructureof thecompound (6€) deter -
mined by X-ray crystallography

carbon double bond in these compoundswas exclu-
sively found to be cis as ascertained from the single
crysta X-ray diffraction study of themode compound
(6e). Suitablesinglecrystal for X-ray anaysisof the
compound (6e) was obta ned by dow evaporation from
ethanol. Figure 2 depictsthemol ecular structure of the
compound (6€) which clearly indicatesthat phenyl ring
attached to C8 isdlightly rotated about C8-C9 bond
owing to therepulsion between lonepair electronson
carbonyl oxygen and w-electron cloud on phenyl ring.
Indeed, two rings attached to C7 and C8 are on same
side of thedoublebond.

3.EXPERIMENTAL

All melting pointswereuncorrected and arein °C.
FT-IR spectrawererecorded on aPerkin Elmer Spec-
trum 100 FT-IR spectrophotometer with DRS (Diffuse
Reflectance Sampler). *H NMR spectrawere recorded
on Varian AS-400 FT NMR spectrometer, and the
chemical shiftsareexpressed in 6 ppmusing TMSas
aninterna standard. Microanadysisfor C,H,Nand S
were performed on Thermofignnin Elementa andyzer.
Mass spectra were recorded on APl 2000 (Applied
Biosystems), ion source (ESI /APCI) spectrometer. The
X-ray diffraction study was undertaken using Nonius
Kappa CCD diffractometer. All the reactions were
monitored by thinlayer chromatography (TLC). TLC
was performed on F,.,, 0.25 mm silica gel plates
(Merck). Plates were el uted with appropriate sol vent
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systems, and the devel oped plateswere anayzed un-
der UV 254nm. Column chromatography was per-
formedusingsilicagd with particlesize 100-200 mesh.

General method of synthesis of novel combr etas
tatin analogs (6a-6l)

Phenyl acetone™ (4) (0.5g, 3.7 mmol) wasdis-
solved in ethanol (5.0 ml). To the clear solution ob-
tained wasadded appropriate aryl adehyde (7.4 mmol)
at roomtemperature. Thereaction mixturewas stirred
for 10 minto obtain clear solution. Hydrochloric acid
(35%, 0.5 ml) wasthen added drop wiseto thereac-
tionmixtureand refluxed for 2-3 h. Theprogressof the
reaection wasmonitored by TLC. Ethanol wasremoved
under vacuum and the crude compound obtained was
purified by column chromatography using n-hexane-ethyl
acetate (9:1) aseluent system.

3,4-Diphenylbut-3-en-2-one(6a)

Yield, 68%; Colorlessail; '"H NMR (CDCIl,): 6 2.30
(s,3H, CH,), 8 7.01(m, 2H, phenyl protons), 5 7.14-
.33(m, 8H, phenyl protons), 57.64 (s, 1H, olefinic pro-
ton); IR (KBr) v, cm: 3064, 1718, 1651, 1493,
1450, 1317, 1234, 1176, 759, 702; Anal. Calcd. for
C..H. 0O:C,86.45; H, 6.35. Found: C, 86.44; H, 6.36;

16" 14

MS: m/z223 (M*+1).
4-(4-Chlor ophenyl)-3-phenylbut-3-en-2-one (6b)

Yidd, 72%; Whitecrystdlinesolid; mp125°C; 'H NMR
(CDCl,): 8 2.29 (s, 3H, CH,),  6.93 (d, 5.6Hz, 2H,
phenyl protons), & 7.11 (d, 5.6Hz, 2H, phenyl pro-
tons), 6 7.14(dd, 1.6 and 2.4Hz, 2H, phenyl protons),
87.38-7.41(m, 3H, phenyl protons), & 7.57 (s, 1H, ole-
finic proton); IR (KBr) v__ cm™: 3298,3059,1654,
1621, 1591,1488,1434,1352,1303,1235,1170, 1088,
1007,824, 701; Ana. Cdcd. for C._H. .CIO: C, 74.85;

16" 13

H, 5.10. Found: C, 74.81; H,5.15; MS: m/z 257 (M*+1).
4-(2-Chlor ophenyl)-3-phenylbut-3-en-2-one(6¢)

Yield, 77%; Colorlessoil; '"H NMR (CDCl,): 6 2.39
(s,3H, CH,), 6.70(d, 8.0Hz, 1H, phenyl proton), &
6.83 (m, 1H, phenyl proton), & 7.08( m, 3H, phenyl
protons), 67.27(m, 3H, phenyl protons), 6 7.33 (d,
8.0Hz, 1H, phenyl proton), 5 7.85 (s, 1H, olefinic pro-
ton); IR (KBr) v__ cmt: 3054, 2929, 1677, 1593,
1440, 1233, 756, 700; Anal. Calcd. for C. H. .CIO:

16" '13

C, 74.85; H, 5.10. Found: C, 74.86; H, 5.14;, MS:
ey, Onganic CHEMISTRY
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m/z 257 (M*+1).
4-(3-Bromophenyl)-3-phenylbut-3-en-2-one(6d)

Yield, 65%; Colorlessoil; *H NMR (CDCL,): 62.31(s,
3H, CH,), 56.92 (m, 1H, phenyl proton), 5 6.99 (m,1H,
phenyl proton), 5 7.14-7.43 (m, 7H, phenyl protons), &
7.54(s, 1H, olefinicproton); IR (KBr) v, cm™: 3063,
2997, 1961, 1658, 1428, 1390, 1279, 1234, 1166,
1072, 895, 700; And. Cacd. for C H,.BrO: C, 63.81,
H, 4.35. Found: C, 63.74; H,4.33; MS. m/z 303 (M*+2).

4-(4-Fluor ophenyl)-3-phenylbut-3-en-2-one (6e)

Yield, 80%; Colourlesscrystalline solid; mp 83°C; H
NMR (CDCI,): 6 2.29 (s, 3H, CH,), 6 6.82 (m, 2H,
phenyl protons), 5 7.00 (m, 2H, phenyl protons), 57.16
(m, 2H, phenyl protons), & 7.40 (m, 3H, phenyl pro-
tons), 5 7.61 (s, 1H, olfinic proton); IR(KBr) v cnr
1. 3290, 3054, 1655, 1596, 1508, 1312, 1235, 1163,
1013, 908, 835, 702; Andl. Calcd. for C H,FO: C,
79.98; H, 5.45. Found: C, 80.01; H, 5.44; MS: m/z
241 (M*+1).

4-(3-M ethoxyphenyl)-3-phenylbut-3-en-2-one (6f)

Yield, 73%; Colorlessoil; '"H NMR (CDCl.,): 5 2.30
(s,3H,CH,), 8 3.44 (s, 3H, OCH,), 66.46 (t, 2.0Hz,
1H, phenyl proton), 56.72 (m, 2H, phenyl protons), &
7.09 (m, 1H, phenyl proton), 7.16 (m, 3H, phenyl
protons), 6 7.31 (m, 2H, phenyl protons), 6 7.60 (s,
1H, olefinic proton); IR (KBr) v, cm*: 3061, 2995,
1715, 1657, 1596, 1485, 1433, 1391, 1290, 1159,
948, 794; And. Cdlcd. for CH,O,: C, 80.93; H,
6.39. Found: C, 80.90; H, 6.43; MS: m/z 253 (M*+1).

4-(4-M ethoxyphenyl)-3-phenylbut-3-en-2-one(6g)

Yield, 82%; Pale yellow solid; mp 48°C; *H NMR
(CDCl,): 82.28(s, 3H, CH,), 8 3.74 (s, 3H, OCH,),
d 6.67 (d, 8.6Hz, 2H, phenyl protons), 6 6.97 (d,
8.6Hz, 2H, phenyl protons), §7.18 (m, 2H, phenyl pro-
tons), 6 7.38 (m, 3H, phenyl protons), 6 7.62 (s, 1H,
olefinic proton); IR (KBr) v, cm: 2927, 2835, 1650,
1599, 1509, 1355, 1308, 1255, 1169, 1032, 829, 700;
Anal. Calcd. for C ,H,.O,: C,80.93; H, 6.39. Found:
C,80.89; H, 6.41; MS: m/z 253 (M*+1).

4-(2,6-Dimethoxyphenyl)-3-phenylbut-3-en-2-one
(6h)

Yield, 68%; Whitesolid; mp 102°C; *H NMR (CDCl,):

@Wu'c CHEMISTRY co—

8246 (s, 3H, CH,), 6 3.47(s, 6H, OCH,), 5 6.37 (d,
8.4Hz, 2H, phenyl protons), 6 7.00 (m, 2H, phenyl
protons), & 7.14 (m, 4H, phenyl protons), 7.61(s, 1H,
olefinic proton); IR (KBr) v, cm: 3308, 2994, 2841,
1664, 1595, 1474, 1304, 1260, 1235, 1109, 1022,
778, 663; Andl. Calcd. for C H O, C, 76.57; H,
6.43. Found: C, 76.60; H, 6.41; MS: m/z 283 (M*+1).

3-Phenyl-4-(4-methylphenyl)but-3-en-2-one (6i)

Yield, 70%; Off white solid; mp 58°C; *H NMR
(CDCl,): 6 2.26 (s, 3H, CH,), 6 2.29(s, 3H, CH,), 6
6.90 (m, 4H, phenyl protons), 6 7.15 (dd, 1.6 and
2.0Hz, 2H, phenyl protons), 6 7.36 (m, 3H, phenyl
protons), 8 7.62 (s, 1H, olefinic proton); IR(KBr) v,
cmrl: 3297, 3053, 2924, 1719, 1654, 1623, 1492,
1391, 1315, 1236, 1182, 1009, 814, 699; And. Calcd.
for C.,H,O: C, 86.40; H, 6.82. Found: C, 86.44; H,
6.85; MS: m/z 239 (M*+1).

4-(4-Nitr ophenyl)-3-phenylbut-3-en-2-one(6))

Yield, 81%; Off white solid; mp 110°C; *H NMR
(CDCl,): 62.31(s,3H, CH,), 6 7.16 (m, 4H, phenyl
protons), 6 7.41 (m, 3H, phenyl protons), 6 7.62 (s,
1H, olefinic proton), 6 7.99(d, 8.8Hz, 2H, phenyl pro-
tons); IR (KBr) v cm*: 3112, 3058, 1673, 1661,
1590, 1517, 1350, 1230, 861, 703; Ana. Calcd. for
CH,NO,: C, 71.90; H, 4.90; N, 5.24. Found: C,
71.92; H,4.86; N, 5.27; MS: m/z 268 (M*+1).

4-(4-(N,N-Dimethylamino)phenyl)-3-phenylbut-3-
en-2-one (6k)

Yield, 64%; Semisolid; '*H NMR (CDCl.): 6 2.26 (s,
3H, CH,), 6 2.93 (s, 6H, N- CH,), 66.44 (d, 8.8Hz,
2H, phenyl protons), 6 6.69 (d, 8.6Hz, 2H, phenyl
protons), 67.37 (m, 3H, phenyl protons), 6 7.62 (s,
1H, olefinic proton), 6 7.73 (d, 8.6Hz, 2H, phenyl
protons); IR (KBr) v, cm™: 2914, 2819, 2740, 1898,
1669, 1597, 1526, 1440, 1370, 1317, 1234, 1165,
1067, 1004, 944, 816, 726, 703; Anal. Calcd. for
CH,NO: C, 81.47; H, 7.22. Found: C, 81.49; H,
7.18, MS: m/z 266 (M*+1).

4-(4-Fluor o-3-phenoxyphenyl)-3-phenylbut-3-en-2-
one(6l)
Yield, 69%; Whitesolid; mp 69°C; 'HNMR (CDCL,):

8 2.15(s, 3H, CH,), 5 6.52 (dd, 5.6 and 2.0Hz, 1H,
phenyl proton), & 6.70 (m, 3H, phenyl protons), 5 6.86

Au Tudian Yournal



OCAIJ, 5(2) June 2009

Hari N.Pati and Vijay S.Satam 163

(m, 1H, phenyl proton), & 6.97 (m, 3H, phenyl pro-
tons), 6 7.16 (m, 5H, phenyl protons), 6 7.42 (s, 1H,
olefinic proton); IR (KBr) v, cm*: 3062, 2928, 1715,
1656, 1589, 1510, 1492, 1393, 1273, 1213, 1117,
968, 906, 805, 767, 697; And. Cdcd. for CH,FO,.
C, 79.50; H, 5.16. Found: C, 79.52; H, 5.20; MS: m/
z333(M*+1).
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