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A 644-membered library of chalcones was prepared by parallel synthesis using the €&ibemdt base-
catalyzed aldol condensation of substituted acetophenones and benzaldehydes. The cytotoxicity of these
chalcones was conveniently determined upon the crude products directly in 96-well microtiter test plates by
the conventional MTT assay. This method revealed seven chalconeg,dé$€ than M of which 4-
hydroxy-2,4,6,3tetramethoxychalconé&§) was the most active [I§ (K562), 30 nM]; it causes cell cycle

arrest at the @M point and binds to tubulin at the colchicine binding site.

The use of combinatorib? and parallel synthesiss tools Scheme 1Basis of the MTT Assay

for the discovery of new therapeutic agents is how wide-

spread. Reports are now beginning to appear that detail the Njﬁ/ N>—<s

combinatorial approach to the development of new anticancer B LS Living cancer Y
———— . N

drugs? These include peptide antagonists of TMF-cyto- N=N 8
toxic peptides, tyrosine kinase inhibitors, microtubule @AN’ND cells 'i J
stabilizing agents sarcodictyfhand epothilone®and plati- N @
num drugs? Anticancer drugs are often developed using cell MTT (yellow) (purple)
cytotoxicity as the primary screening method. We now show, ) . ,
in principle, that this approach can be used in a meaningful Scheme 2.Claisen-Schmidt Synthesis of Chalconés
way to determine the in vitro anticancer activity of libraries Q Q NaOH 't

. - k /ﬂ\\ and 1/M\¢9\
prepared via parallel solution-phase synthesis. One of the A AP H Ar Ar?
most common ways of determining in vitro cell cytotoxicity 4 5a-t
uses the MTT assay.This important assay is very widely
used to determine the cytotoxicity of anticancer drugs. Cul- Edwards et al* One of the compounds we prepared, the
tured cancer cells are grown in the presence of the putatived-methyl-substituted chalcorte based on the structure of
anticancer agent. The amount of viable cells remaining canthe natural product combretastatin A%was highly cyto-
then be determined spectrophotometrically. This is based ontoxic; its IGso (K562) was 0.21 nM. The related chalcobe
the reduction of the yellow MTT [3-(4 -dimethylthiazol- lacking thea-methyl group (Figure 1) is also potent g
2'-yl)-2,5-diphenyltetrazolium bromide] by mitochondrial 4.3 nM). Chalcon& was prepared in excellent yield by the
dehydrogenases of metabolically active cancer cells to aClaisen-Schmidt condensation of 3,4,5-trimethoxyacetophe-
purple-blue formazan (Scheme 1). The activity is most often none with isovanillin. This method for the preparation of
reported as its 165 concentrationthe concentration that chalcones is attractive because it specifically generates the
results in a 50% decrease in cell growth relative to an (E)-isomer, normally in high yield, from substituted benzal-

MeOH

untreated control. dehydes3 and acetophenonek a large number of which
We recently described the use of the MTT assay in the are commercially available and inexpensive (Scheme 2). The

determination of the anticancer activity of varioag-un- ease of preparation and the biological activity of chalcones

saturated ketones prepared by serial syntiésitie anti-  clearly showed that as a class of anticancer agent, they

cancer properties of chalcones, one of the classes of ketonegeserved greater attention. We therefore chose chalcones as
investigated, have also been reported by Ikeda & ahd 3 simple class of compounds to illustrate the potential and

*To whom correspondence should be addressed. Present address.SImpIICIty of the MTT assay as a partly quantitative screen

Department of Chemistry, Cardiff University, P.O Box 912, Cardiff, CF10 for solution-phase parallel libraries of moderate size. In
%?5 UI-EK- P_fllonLEfr44) 29 '2106337 4%Qf?, extinswn 7109, Febd@)29 2087 addition to proving the validity of this approach, we also
. E-mall. Lawrencen) caraift.ac.uk. . .
T University of Manchester Institute of Science and Technology. hoped to reveal f’iddmonal active chalcori#/e now report
* Christie Hospital NHS Trust. the results of this study.
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o] The test-plate was covered, the reaction mixture was left for
MeO = OH 3 days before the lid was removed, and the solvent was left
O R O to slowly evaporate overnight in a fume hood. A reaction
MeO OMe time of 3 days was chosen because we had found that most
MeO ; Sf me Claisen-Schmidt reactions are complete overnight. This cau-
- tious approach therefore makes provision for unusually slow

Figure 1. Structures of chalconesand?2. . - .
reactions. There was no evidence of cross-well contamination
Tg Benzaldehvd in the evaporation process, and in most cases the product
g . enzacelydes o U B crystallized from solution. Addition of DMSO (206L) to
c % 3 s 6 7 809 each well gave 50 mM solutions of chalcones. Each well
"'9O0 00 00000O0 was diluted by a factor of 10 four times to give a final plate
B @ [ 3 I | o containing chalcones at a concentration gf\. The final
Sceo @ ® © 0006 0 00 plate was incubated with K562 cells at 3C for 5 days.
E D@ o O 0 0 ) The number of cells in each well was then measured by the
S0 0 00 O 000000 MTT assay. The wells that contained less than half the
S r > @ number of cells in the control wells were deemed to produce
IFO® @00 ® 00 © o itive bi The chal o th I
00 000”0000 @ a positive bioassay response. The chalcones in these wells
were therefore likely to have an igof less than M.
00 0000000000 Y
In total, 23 substituted acetophenones were used in this

Figure 2. Typical synthesis of chalcon&sn a 96-well microtiter study in combination _W'th 28 substituted be_n_zalde_zhydes
plate. Wells (1A-1D) contained methanol (2Q4.); wells 1E and (selected randomly). Sixteen wells gave a positive bioassay
1F contained sodium hydroxide (14 of a 5 M aqueous solution)  response; a “success” rate of 2.8%t is gratifying to note

and methanol (19QuL); wells 1G and 1H contained sodium that the chalconessé—5p), prepared conventionally on a
hydroxide (1QuL of a 5 M solution), hydrochloric acid (10L of 10 mmol scale, corresponding to these wells were indeed

a 5 M solution) and methanol (180L). Cell growth/kill is . .
represented schematically (in comparison to cell growth of the active with an 1 less than M (Table 1). Those close

control): (black circles) similar (i.e., negative response); (lightest- t0, but greater than, the:BM mark that produced a negative
gray circles) highly active (i.e., positive response); (medium-gray response had an g of >5 uM when assessed in the

and Ii_ghter-mediur_n-gray circles) intermediate levels of activity (still conventional way. The most active compounds corresponded
considered negative). to those wells that had the lowest optical density in the MTT
Results and Discussion assay. The reactions failed when the aldehyde possessed a

It was clear to us that the parallel synthesis of chalcones NYdroxyl or amine group, and this probably reflects the
on a small scale<0.1 mmol) in a conventional 96-well  POOrer electrophilicity under basic reaction condltlé?ﬂihg .
microtiter plate should not present a problem. However, it "€Sults show very clearly that the MTT-based cytotoxicity
was not apparent whether we could assay the crude reactiofSS&y 1S suitable for the screening of libraries of several
mixtures for their ability to inhibit or reduce cancer cell hundred members.
growth by the MTT assay and extract meaningful information ~ The saving in time was impressive. The library was pre-
of their IG5, values. Previously, the growth inhibitory pared and evaluated in approximately 20 days. We estimate
activities of the chalcones were determined in the K562 that it would take approximately 500 days to conventionally
human chronic myelogenous leukaemia cell line using the pPrepare and test the same number of chalcones. The most
MTT assay? The Gy concentration was calculated with —active compoundais impressively cytotoxic (165 30 nM)
reference to a standard curve constructed for control cellsand presents a compound of great potential. The effects of
and involves incubating cells at several different concentra- 5a upon the cell cycle were measured by flow cytometry.
tions (ca. 6-8) of drug, in triplicate. Only small numbers of ~ The results in Table 2 show thaa causes significant arrest
compounds can be conveniently screened in this way. Ourof the cell cycle at the &M point, relative to the untreated
new approach, described below, to facilitate the assessmengontrol, consistent with the behavior of a tubulin-binding
of larger numbers of compounds involves testing at a single agent:® Further experiments, described previousig deter-
concentration of drug and determines whether thg I€ mine the origin of its antimitotic effect reveal that it inhibits
below or above this arbitrary concentration. the polymerization of tubulin (165 1.54M). The impressive

The parallel synthesis of chalcones was conducted in aactivity is comparable with that of the tubulin-binding
conventional 96-well tissue culture test-plate. Solutions of a anticancer agent combretastatin A-4 {©.5'-2% uM).
substituted benzaldehy®(100 4L of a 0.1 M solution in The chalconéa displaces tubulin-bound colchicine, indicat-
methanol), substituted acetophen@h@ 00 uL of a 0.1 M ing that it binds to or close to the colchicine binding site of
solution in methanol), and sodium hydroxide (40 of a 5 tubulin. It is the ability of combretastatin A-4 to damage
M aqueous solution) were added to each well to give 10 tumor vasculature, thereby effectively starving tumors of
umol of substituted chalcore Eighty-eight reactions were ~ nutrients, which makes agents of this type such exciting
performed on each plate by using a different ketone acrossmolecules with considerable clinical potentiél.
each of the 8 rows (AG), varying the aldehyde in each of In conclusion, we have shown that the Clais&thmidt
the 11 columns (212) (Figure 2). The first column (1) was reaction can be used to generate chalcones that can be
used as a control lacking both the aldehyde and ketbne. conveniently assessed for cytotoxicity in situ by the MTT
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Table 1. Cell Growth Inhibitory Properties of Chalcones Prepared by Conventional Methods Originating from the Parallel
Synthesis Study Tested against the K562 Cell Line

R? 0 R?
R® - R®
BAGSOY
5 5

R® 8§at R

compound R R® R R% RS R? R3 R4 R RS yield (%) 1G5 (uM)  bioassay
5a H OMe OH H H OMe H OMe H OMe 57 0.03 +
5b OMe H H OMe H OMe H OMe H OMe 81 0.04 +
5c H OMe OMe OMe H H H OMe H H 67 0.1 +
5d F H OMe H H F H H Br H 95 0.1 +
5e H OMe OMe OMe H H H NMeg H H 67 0.2 +
5f H OMe OMe OMe H OMe H OMe H OMe 79 0.2 +
50 H H Me H H H H Cl H H 86 0.6 +
5h H H NO, H H H OMe H OMe H 70 1.2 +
5i H CFK; H H H OMe OMe H H H 65 1.3 +
5j F H OMe H H H OMe H OMe H 87 1.4 +
5k OMe H OMe H H H F F H H 84 1.4 +
51 H H H H H H H Cl H H 83 2.1 +
5m H H OMe H H H F F H H 79 2.7 +
5n Me H Me H Me OMe H H H H 42 2.8 +
50 H OMe OMe H H OMe H OMe H H 63 4.7 +
5p H OMe OMe H H F H Br H H 51 5.0 +
5q OMe H H OMe H OMe OMe OMe H H 79 5.9 -
5r H H Cl H H OMe H H OMe H 80 6.4 -
5s F H OMe H H F H Br H H 61 8.9 -
5t F H OMe H H OMe H OMe H H 67 21.0 -
Table 2. Effects upon the Cell Cycte in each 96-well microtiter plate. A substituted ketone (100
compound G—G1 (%) S phase (%) @M (%) uL of a 0.1 M solution in methanol) was added across a
control 25 3 472 275 row comprising 11 wells (see Figure 2). This was repeated
5a 28 10.7 86.5 using different ketones for seven other rows. Similarly, 11

aPercentage of cells in each phase of the cell cycle as mea—different aldehydes (106L ofa 0.1 M_SOIUtion in _methan0|)
sured by flow cytometry (according to previously described Were added down 11 columns. Sodium hydroxide(L®f
method$?). a 5 M aqueous solution) was added to each reaction well.

The first column (1) was left free as a control [wells 1A

assay without the need for purification or workup. We hope 1p contained methanol (200.); wells 1E and 1F contained
that this genera_ll approach will _find use elsewhere in the godium hydroxide (1QiL of a 5 M solution) and methanol
search and design of future anticancer drugs. (190uL); wells 1G and 1H contained sodium hydroxide (10
uL of a 5 M solution), hydrochloric acid (1@L of a 6 M
solution), and methanol (18@L)]. After the samples were
left standing for 48 h at room temperature, the lid of the
plate was removed; if either the aldehyde or ketone possessed
‘a phenolic hydroxyl group, hydrochloric acid (20 of a 6

Experimental Section

The 200 MHz*H NMR spectra were recorded using a
Bruker AC 200 NMR spectrometer, while all 300 MHH
spectra were recorded using a Bruker AC 300 spectrometer

Spectra were recorded using CH@E an internal standard. M solution) was added to the well. The solvent was left to

Chemical ionization (Cl) and electron impact (El) mass .
. t ht. DM 200 h
spectra were recorded using a Kratos MS25 mass spectrom13 vaporate overnig SO ( ) was added to eac

eter; fast atom bombardment (FAB) mass spectra werewe" of the plate o dis§olve the crude .r.eaction product._ A
reco,rded using a Kratos MS50 mass spectrometer, using alO—fo.Id dilution was achieved by the add!tlon of each reaction
menitrobenzyl alcohol matrix. Accurate mass determinations solution (20uL) _to DMS.O (180uL) to give m|xt_ures at 5.
were performed using a Kratos Concept IS mass spectrom-m'vI concentration. This was rgpeated to_ give putative
eter. Elemental analysis was performed using a Carlo-Ebra®@/cones at 0.5 mM concentration. A portion (20) of
1106 elemental analyzer. Infrared spectra were recorded®Ch Well solution was added to RPMI cell culture medium

using a Phillips Analytical PU9625 pulsed FT spectrometer. (180 #L). These solutions (2iL) were added to RPMI
All melting points were determined using a"&u 510 medium containing K562 cells (184.); the final concentra-

melting point apparatus and were not corrected. Column tion of the putative chalcone wasBV. The plates were

chromatography was conducted using silica gel 60,-230 m_cupate_d at_ 37C for 5 days in an atmosphere of 5% carbon

400 mesh (Merck & Co.), and silica TLC was conducted on dioxide in air.

precoated aluminum sheets (684rwith a 0.2 mm thickness Cytotoxicity Testing. A K562 human leukaemia cell line

(Aldrich Chemical Co.). was cultured as described previouglyThe cell line was
Parallel Synthesis of Chalcones and Cytotoxicity As-  mycoplasma-free, and cytotoxicity tests were carried out

sessmentEighty-eight separate reactions were performed using the MTT assay described by Edmondson and co-
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workers!! The bioassay was considered positive if the optical 7.55 (d,J = 9.4 Hz, 2H), 7.60 (dJ = 15.8 Hz, 1H), 7.72
density of the well was less than half that of the wells in the (d, J = 9.4 Hz, 2H), 7.91 (d,) = 15.8 Hz, 1H), 8.08 (dJ

control column. The Ig value for chalcone$a—5t was

= 8.5 Hz, 2H); FABMSm/z 257 [MH*, 100%)]. Anal. Calcd

calculated by reference to a standard curve constructed forfor C;¢H130CI: C, 74.9; H, 5.1; Cl, 13.8. Found: C, 74.6;

control cells.
General Method for the Preparation of Chalcones 5

H, 5.0; CI, 13.9.
3,5-Dimethoxy-4-nitrochalcone (5h). Yellow crystals:

(Scheme 2)Sodium hydroxide (1 mL of a 50% w/v aqueous 70% vyield; mp 166-168 °C; IR (KBr disk) 1670 cm?; *H
solution) was added to a stirred solution of substituted NMR (400 MHz, CDC}) ¢ 3.85 (s, 6H), 6.57 (s, 1H), 6.78
benzaldehyde (10.0 mmol) and substituted acetophenonds, 2H), 7.42 (dJ = 15.8 Hz, 1H), 7.75 (dJ = 15.8 Hz,
(20.0 mmol) in methanol (30 mL). The mixture was stirred 1H), 8.13 (d,J = 8.5 Hz, 2H), 8.35 (dJ = 8.5 Hz, 2H);
overnight at room temperature. When a solid formed, the FABMS m/z 314 [MH", 75%)]. Anal. Calcd for GH;50sN:
chalcone was purified by filtration and recrystallization. C, 65.2; H, 4.8; N, 4.5. Found: C, 65.2; H, 4.7; N, 4.4.
When no solid had formed, the mixture was neutralized with 2, 3-Dimethoxy-3-(trifluoromethyl)chalcone (5i). Pale-

hydrochloric acid (1 N) and extracted with chloroformx2
50 mL). The combined organic layers were dried (Mg50

yellow crystals: 65% yield; mp 7882 °C; IR (KBr disk)
1670 cm%; 'H NMR (200 MHz, CDC}) 6 3.89 (s, 3H),

filtered, and evaporated in vacuo. The residue was purified 3.90 (s, 3H), 6.99 (dd] = 8.1 and 1.4 Hz, 1H), 7.11 (§,=

by column chromatography.

4'-Hydroxy-2,4,6,3-tetramethoxychalcone (5a)Yellow
crystals: 57% yield; mp 169171 °C; IR (KBr disk) 1550
cm 1 IH NMR (200 MHz, CDC}) 6 3.91 (s, 3H), 3.97 (s,
6H), 3.98 (s, 3H), 6.07 (s, 1H), 6.14 (s, 2H), 6.97 Jd+
8.0 Hz, 1H), 7.61 (m, 2H), 7.89 (d,= 15.8 Hz, 1H), 8.23
(d,J=15.8 Hz, 1H); FABMSmz 345 [MH", 100%]. Anal.
Calcd for GgH2006: C, 66.3; H, 5.9. Found: C, 66.4; H,
5.9. HRMS (EI) Calcd for @H2006 (MT): 344.1260; found
344.1254.

2,4,6,2,5-Pentamethoxychalcone (5b).Yellow crys-
tals: 81% vyield; mp 114116°C; IR (KBr disk) 1650 cm?;
IH NMR (200 MHz, CDC}) ¢ 3.79 (s, 3H), 3.83 (s, 3H),
3.84 (s, 3H), 3.86 (s, 6H), 6.11 (s, 2H), 6.91 Jds 9.0 Hz,
1H), 6.98 (ddJ = 9.0 and 2.9 Hz, 1H), 7.14 (d,= 2.9 Hz,
1H), 7.67 (d,J = 16.0 Hz, 1H), 8.07 (dJ = 16.0 Hz, 1H);
FABMS m/z 359 [MH", 100%]. Anal. Calcd for gH2Os:

C, 67.0; H, 6.2. Found: C, 67.1; H, 6.1. HRMS (EI) Calcd

for CyoH2:06 (MT): 358.1416; found 358.1409.

4,3,4 5 -Tetramethoxychalcone (5c)Yellow solid, 67%
yield; mp 98-99 °C [lit.?6 100-101 °C]. Anal. Calcd for
CioH200s: C, 69.5; H, 6.1. Found: C, 69.5; H, 6.3.

5-Bromo-2,2-difluoro-4'-methoxychalcone (5d)White
crystals: 95% yield; mp 118124 °C; IR (KBr disk) 1660
cm % 'H NMR (400 MHz, CDC}) ¢ 3.87 (s, 3H), 6.68 (dd,
J=13.1 and 2.4 Hz, 1H), 6.82 (dd,= 8.7 and 2.4 Hz,
1H), 7.04 (ddJ = 9.9 and 8.8 Hz, 1H), 7.457.50 (m, 1H),
7.55 (dd,J = 15.8 and 2.9 Hz, 1H), 7.77 (dd,= 6.5 and
2.4 Hz 1H), 7.83 (ddJ = 15.8 and 2.0 Hz, 1H), 7.95 (@,
= 8.7 Hz, 1H); FABMSm/z 353 [MH*, 100%]. Anal. Calcd

for C1H110,F2Br: C, 54.4; H, 3.1; F, 10.8. Found: C, 54.2;

H, 3.0; F, 10.5. HRMS (El) Calcd for {gH11:0,F,"Br
(M*): 351.9910; found 351.9908.

4-(N,N-Dimethylamino)-3',4',5 -trimethoxychalcone (5e).
Yellow crystals: 67% yield; mp 146147 °C [lit.%5 148—
149 °C]. Anal. Calcd for GoH2304N: C, 70.4; H, 6.8; N,
4.1. Found: C, 70.5; H, 6.9; N, 4.1.

2,4,6,3,4' 5-Hexamethoxychalcone (5f).Yellow crys-
tals: 79% yield; mp 136140°C [lit.?” 144°C]. Anal. Calcd
for C,iH2407: C, 64.9; H, 6.2. Found: C, 65.1; H, 6.3.

4-Chloro-4'-methylchalcone (5g).Yellow crystals: 86%
yield; mp 66-68 °C; IR (KBr disk) 1655 cm?; 'H NMR
(200 MHz, CDC}) 6 2.60 (s, 3H), 7.45 (dJ = 8.5 Hz, 2H),

8.1 Hz, 1H), 7.29 (ddJ = 8.1 and 1.4 Hz, 1H), 7.56 (d,
= 15.8 Hz, 1H), 7.66 (dJ = 8.0 Hz, 1H), 7.83 (dJ = 8.0
Hz, 1H), 8.12 (dJ = 15.8 Hz, 1H), 8.20 (dJ = 8.0 Hz,
1H), 8.26 (s, 1H); FABMSm/z 337 [MH", 100%)]. Anal.
Calcd for GgH150sFs: C, 64.3; H, 4.5; F, 16.9. Found: C,
64.2; H, 4.6; F, 17.0. HRMS (EIl) Calcd for1811503F3
(M*): 336.0973; found 336.0972.

2'-Fluoro-3,5,4-trimethoxychalcone (5j). Pale-yellow
crystals: 87% yield; mp 8789 °C; IR (KBr disk) 1650
cm Y 'H NMR (200 MHz, CDC}) 6 3.83 (s, 6H), 3.87
(s, 3H), 6.51 (tJ = 2.2 Hz, 1H), 6.65 (ddJ = 12.9 and
2.2 Hz, 1H), 6.71 (dJ = 2.2 Hz, 2H), 6.75 (dd) = 8.5 and
2.3 Hz, 1H), 7.42 (ddJ = 15.3 and 2.8 Hz, 1H), 7.71 (dd,
J=15.3and 2.0 Hz, 1H), 7.90 @,= 8.5 Hz, 1H); FABMS
m/z 317 [MH™, 100%)]. Anal. Calcd for @H;;04F: C, 68.3;
H, 5.4; F, 6.0. Found: C, 68.4; H, 5.5; F, 6.3. HRMS (EI)
Calcd for GgHy704F (M*): 316.1111; found 316.1109.

3,4-Difluoro-2',4'-dimethoxychalcone (5k).White crys-
tals: 84% yield; mp 126128°C; IR (KBr disk) 1670 cm?;
H NMR (400 MHz, CDC}) 6 3.88 (s, 3H), 3.92 (s, 3H),
6.50 (d,J= 2.5 Hz 1H), 6.57 (dd,J = 8.7 and 2.5 Hz, 1H),
7.18 (td,J=10.0 and 8.3 Hz, 1H), 7.31 (m, 1H), 7.41 (ddd,
J=11.0, 8.3, and 2.1 Hz, 1H), 7.45 (d~= 15.8 Hz, 1H),
7.57 (d,J=15.8 Hz, 1H), 7.78 (d) = 8.7 Hz, 1H); FABMS
m/z 305 [MH*, 100%)]. Anal. Calcd for GH140sF2: C, 67.1;
H, 4.6; F, 12.5. Found: C, 67.2; H, 4.5; F, 12.2.

4-Chlorochalcone (51).Cream needles: 83% yield; mp
108-110°C [lit.?8 112-113 °C]. Anal. Calcd for GsHys-
OCI requires C, 74.2; H, 4.6; Cl, 14.7. Found: C, 74.0; H,
4.3; Cl, 15.0.

3,4-Difluoro-4'-methoxychalcone (5m)White crystals:
79% yield; mp 13%133°C [lit.2° 132—33°C]. Anal. Calcd
for CieH1:0F2: C, 70.1; H, 4.4; F, 13.9. Found: C, 70.0;
H, 4.2; F, 13.9.

2-Methoxy-2,4',6'-trimethylchalcone (5n). Light-brown
solid: 42% yield; mp 66-68 °C [lit.%° 95 °C]. Anal. Calcd
for CigHo002: C, 81.4; H, 7.2. Found: C, 81.5; H, 7.4.

2,4,3,4'-Tetramethoxychalcone (50).Pale-yellow crys-
tals: 63% yield; mp 104106 °C [lit.3* 115.5°C]; IR (KBr
disk) 1650 cm?; *H NMR (200 MHz, CDC}) ¢ 3.85 (s,
3H), 3.90 (s, 3H), 3.96 (s, 3H), 3.95 (s, 3H), 6.48 Jd+
2.2 Hz, 1H), 6.53 (ddJ = 8.4 and 2.2 Hz, 1H), 6.92 (d,
= 8.2 Hz, 1H), 7.54 (d) = 8.4 Hz, 1H), 7.56 (dJ = 15.7
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Hz, 1H), 7.62 (dJ = 1.9 Hz, 1H), 7.67 (dd) = 8.2 and 1.9
Hz, 1H), 8.04 (dJ = 15.7 Hz, 1H); FABMSz 329 [MH",
95%]. Anal. Calcd for GgH>Os: C, 69.4; H, 6.1. Found:
C, 69.1; H, 5.9. HRMS (El) Calcd for gH200s (M™):
328.1311; found 328.1320.

4-Bromo-2-fluoro-3',4'-dimethoxychalcone (5p).Pale-
yellow crystals: 51% vyield; mp 142146 °C; IR (KBr disk)
1660 cmt; 'H NMR (200 MHz, CDC}) 6 3.97 (s, 6H),
6.93 (d,J = 8.3 Hz, 1H), 7.327.38 (m, 2H), 7.52 {(t,
J = 8.4 Hz, 1H), 7.66 (dJ = 15.7 Hz, 1H), 7.61 (d,
J=2.2Hz, 1H), 7.67 (dd) = 8.3 and 2.2 Hz, 1H), 7.81 (d,
J = 15.7 Hz, 1H); FABMSm/z 365 [MH*, 70%]. HRMS
(El) Caled for G/H1404F°Br (M*): 364.0110; found,
364.0115.

2,3,4,2,5-Pentamethoxychalcone (5q).Yellow solid:
79% vyield; mp 84-86 °C; IR (KBr disk) 1650 cm?; H
NMR (400 MHz, CDC}) ¢ 3.81 (s, 3H), 3.85 (s, 3H), 3.88
(s, 3H), 3.90 (s, 3H), 3.91 (s, 3H), 6.71 @5 8.8 Hz, 1H),
6.93 (d,J = 8.6 Hz, 1H), 7.01 (dd) = 8.6 and 2.9 Hz, 1H),
7.17 (d,J = 2.9 Hz, 1H), 7.35 (dJ = 8.8 Hz, 1H), 7.38 (d,
J=16.0 Hz, 1H), 7.84 (dJ = 16.0 Hz, 1H); FABMSnm/z
359 [MH", 100%)]. Anal. Calcd for gH20s: C, 67.0; H,
6.2. Found: C, 67.0; H, 6.2.

4'-Chloro-2,5-Dimethoxychalcone  (5r). Yellow
needles: 80% yield; mp 8488 °C [lit.3? 71.5 °C]. Anal.
Calcd for G7H1s0:Cl: C, 67.4; H, 5.0; Cl, 11.7. Found: C,
67.5; H, 4.5; Cl, 11.7.

4-Bromo-2,2-difluoro-4'-methoxychalcone (5s).Pale-
yellow crystals: 61% yield; mp 98102 °C; IR (KBr disk)
1660 cnl; 'H NMR (200 MHz, CDC}) 6 3.86 (s, 3H),
6.65 (dd,J = 13.2 and 2.2 Hz, 1H), 6.79 (dd,= 8.8 and
2.2 Hz, 1H), 7.2#7.35 (m, 2H), 7.49-7.58 (m, 2H) 7.82
(d,J=15.7 Hz, 1H), 7.91 (tJ = 9.1 Hz, 1H); FABMSm/z
353 [MH*, 100%)]. Anal. Calcd for @H110.F-Br: C, 54.4;
H, 3.1; F, 10.8; Br, 22.6. Found: C, 54.6; H, 3.0; F, 10.6;
Br, 22.4. HRMS (EI) Calcd for gH1,0,FBr (M*): 351.9910;
found 351.9911.

2'-Fluoro-2,4,4-trimethoxychalcone (5t). Yellow crys-
tals: 67% yield; mp 99101 °C; IR (KBr disk) 1650 cm?;
IH NMR (200 MHz, CDC}) 6 3.84 (s, 3H), 3.85 (s, 3H),
3.86 (s, 3H), 6.45 (dJ = 2.2 Hz, 1H), 6.52 (ddJ = 8.6
and 2.2 Hz, 1H), 6.63 (dd] = 13.0 and 2.3 Hz, 1H), 6.76
(dd,J = 8.6 and 2.3 Hz, 1H), 7.45 (dd,= 15.7 and 2.8
Hz, 1H), 7.56 (dJ = 8.6 Hz, 1H), 7.85 (t) = 8.6 Hz, 1H),
8.04 (ddJ = 15.7 and 2.2 Hz, 1H); FABM&vVz 317 [MH,
100%]. Anal. Calcd for GH;7;04F: C, 68.4; H, 5.4; F, 6.0.
Found: C, 68.3; H, 5.4; F, 6.4. HRMS (El) Calcd for
CigH1704F (MT): 316.1111, found 316.1107.
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