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Abstract—Z-1,1-Dichloro-2,3-diphenylcyclopropane (1) is an effective anti-breast cancer agent in rodents and in cell culture. We
recently determined that 1 inhibits tubulin assembly in vitro and causcs microtubule loss in breast cancer cells, leading to
accumulation in the G»/M portion of the cell cvcle. Aryl ring-halogenated, methoxylated and benzyloxylated derivatives of 1, as well
as 1ts E-isomer and the dichlorocyclopropyl derivative of diethylstilbestrol (DES). were synthesized and tested for their ability to
inhibit the assembly of tubulin into microtubules. Including 1. 17 cyclopropyl compounds were tested. One (Z-1,1-dichloro-2-(4-
methoxyphenyl)-3-phenylevelopropane (12)) was found to be more active than 1. In addition, £-1,1-dichlorocyclopropylDES (17)
was more potent than DES. The £-isomer of 1 (16) was inactive. The cylostatic activitics of the compounds against MCF-7 and
MDA-MB231 human breast cancer cells, and their abilities 1o perturb microtubules in MCF-7 cells were also evaluated. Z-
Dichlero-2-(4-fluorophenyl)-3-phenyleyelopropane (5). Z-1,1-dichloro-2-(4-fluorophenyl)-3-(4-methoxyphenyl)eyclopropane (11),
and Z-1,1-dichloro-2-{4-mc¢thoxyphenyl)-3-phenyleyclopropane (12) were more potent than 1 against the breast cancer cells.
¢ 1997 Elsevier Science Ltd.

Introduction It has been noted that 1 has almost no affinity for the
classical high affinity-low capacity rat uterine estrogen
Z-1,1-Dichloro-2,3 dlphepyluyclopropane (1) was f”,"‘;t type 1 receptor (ER), with a relative hinding affinity less
tested for biological activity as a part of a group of rigid, ;5 .01% of that cxhibited by cstradiol. > Recently,
functionally minimized analogues of known olefinic we have undertaken 4 re-examination of the actions and
estrogens, synthesized in an effort to reduce estrogenic mechanisms of 1. We have shown that 1 is cyiostatic
activity. [n immature female mice. 1 F“SP'JYS no against both ER-positive and ER-negative breast cancer
estrogenicity (1., is not uterotrophic) and possesses cells in culture, suggesting its mode of action is
anti-uterotrophic (apparent anti-estrogenic) effects.”™ independent of the estrogen teceptor.® We also have

Compound 1 was also shown to have activity compar- noted that 1 inhibits the polymerization of isolated
able to that of the clinically used anti-estrogen tubulin and perturbs the microtubule network of breast
tamoxifen against the hormone-dependent  7.12- cuncer cells in culture, leuding 10 their accumulation in
dimethylbcnz[a Janthracene induced rat mammary tu- G4M, a strong indication of antimitotic activity.” To
mor model am_] to be more effective than tamoxifen in date, design, synthesis, and biological studies of 1 and
reducing the incidence of new tumors in long-term its derivatives have concentrated on their potential anti-
dosing studies.” It is also active against the hormone- estrogenic activities.'*'> Antitubulin effects rcpre-
independent DMBA-4 transplantable metastatic rat sent a previously unstudied mechanism of action for
mammary tumor model.” dichlorodiphenyleyelopropanes, and our recent obser-

vations suggest that new structurc-activity rclationships
might be developed for 1 and its analogues.

In the present study, we incorporated a variety of aryl

*Author to whom correspondence should be addressed at the ring moieties (methoxy and benzyloxy groups. halogens)
University of Pitisburgh, 260 Kappa Drive, Pittsburgh, PA 15238, ~nt5 analo < of 1in an effort 1o enhance antitubulin
Phone: (412) 967 6502. Fax: (412) 624-1020. E-mail: bday » @pittedu 195 0 bg“‘?‘ fii e p

Present address: Furand America Inc., Vandalia, OH 45377, U.S A, an 3“?" rcast cancer aCthlW. : e con)po.un s Wefe
“Present address: Department of Cell Biology and The Center for synthesized and tested for their ability to inhibit tubulin
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tubulin, cause cytostasis of MCF-7 and MDA-MB231
human breast cancer cell lines, and perturb micro-
tubules in the MCI-7 cells.

Results

Chemistry

Ten new Z-1.1-dichloro-2,3-diphenylcyclopropanes
were synthesized beginning with a mixed Perkin con-
densation of substituted phenylacetic acids with appro-
priately substituted benzaldehvdes in  triethylamine/
acelic anhydride (Scheme 1).'"" The resulting E-cin-
namic acids were decarboxvlated with copper chromite
in quinoline at 180-190 °C. The products of decarb-
oxylation were largely the corresponding Z-stilbenes,
which were separated from their £-isomers by crystal-
lization or silica gel column chromatography. The Z-
[,1-dichloro-2,3-diphenvlcyclopropanes were obtained
by benzyltricthylammonium chloride-catalyzed phase
transfer dichlorocyclopropanation of the Z-stilbenes.
The target compounds were purified either by crystal-
lization or by column chromatography over basic
alumina or flash Si0.. Physical and spectral data are
shown in Table 1. Compound 1, its E-isomer (16), Z-
1,1-dichloro-2-(4-methoxyphenyl}-3-phenylcyclopropane
(12). Z-1,1-dichloro-2-(4-benzyloxyphenyl}-3-phenylcy-
clopropane (13). Z-1.1-dichloro-2,3-bis(4-methoxy-
phenyl)cyclopropane  (14), and  Z-1.1-dichloro-2,3-
bis(4-benzyloxyphenyljeyclopropane  (15) were  pre-
parcd prt.vnouslv or as described."™"* £-1,1-dichloro-
2.3-diethyl-2 3-bis(4-hvdroxyphenyl)cyclopropane  (17)
was prepared by dichlorocarbenc addition to £-1,2-
bis(4-methoxyphenyl)-3-hexene,  followed by dide-
methylation with AlClJn-butanethiol. All compounds

.
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had proton NMR and mass spectra consistent with the
proposcd structures or as previously reported, and all
new compounds vielded acceptablc combustion ele-
menial analyses.

Onc curious observation was made from the proton
NMR spectra of some of the new cyclopropanes. In our
previous experience with Z-dichlorodiphenylcyclopro-
panes, the signal for the benzylic cyclopropyl hydrogens
has invariably appeared as a singlet, regardless of
spectrometer ficld strength, near 3 ppm. This signal for
several of the new compounds (2, 3, 4, 7, and 8)
appeared as an AB quartet, with coupling constants
ranging from 11 to 13 Hz. The non-equivalence of the
cyclopropyl protons in only these five compounds
cannot be casily explained solely on asymmetry due to
substitution pattern nor on bulk or electronic cifccts at
a given position. Tt is perhaps more curious that the
signals for these chemically non-equivalent protons
are magnetically cquivalent in all of the remaining
derivatives.

Biological results and discussion

Table 2 summarizes the data we obtained with
compounds 1-17 in five biological assays. The agents
were cvaluated for cffects on the growth of two breast
cancer cell lines, the estrogen-dependent MCF-7 line
and the estrogen-independent MDA-MB231 line. The
MCF-7 cells were also evaluated by indirect immuno-
fluorescence for drug effects on their microtubule
cytoskeleton. All agents were cvaluated for effects on
the polymerization of purified tubulin in comparative
studies with the weakly active DES (18) and with the
putent cis-stilbene antimitotic agent combretastatin A-4
(19). The compounds that inhibited tubulin polymer-
ization were also examined for inhibitory effects on the
binding of [*H]colchicine to tubulin.

There were no striking difterences between the two cell
lines in the inhibitory effects observed with the
different agents. The most substantial difference was
the ca. fivefold greater sensitivity of MCF-7 cells as
compared with MDA-MB231 cclls with compounds 12
and 17. Four agents were more active than compound 1
with the MCF-7 cells. These were compounds 5, 11, 12,
and 17. and these agents except 17 were also more
active against the MDA-MB231 cells. Scveral addi-
tional agents had activities comparable to 1 (up to half
as active) in both cell lines (compounds 4, 6, 7, 8, and
10).

Perturbation of cellular microtubule arrays was ob-
served when the MCF-7 cells were exposed to 100 uM
1. 17. and DES (18). More potent perturbation was
caused by compounds 5, 11, and 12. The effects of 12 on
cellular microtubule networks became apparcnt at a
concentration of 50 uM, while effects of 5 and 11 were
cvident at 10 uM. No other compound exhibited
microtubule perturbing effects on MCF-7 cells ar 100
uM under the conditions of the assay.



717

propdancs

-diaryleveloy

L

1,1-Dichloro-2

(°HD) (1 oNAZU2Y 1T *8) $TE
T OJI9HD 1o THDO HE ™) L4 TUTHY TIY W) 1y-1°2 "HOO I g H H 11
oHD) (H 2f2u0q "HE 'S) 0T
s T H D 1o (Y CHG W) (Y182 tH B 19 H H 01
(D) {11 2M[AZuay "HT 8 0T
5 MHD f1o (HIY HR W) yy—9/ H H 1) H 9] 6
(LYHD) (ZI1 T1=/"H MAZudy "HE 'b) og'e
0z YRS [ro (HIV THE W) §9-9'2 H i %] H H g
{DHD) (ZH 11=r "H A0 g D) o7’y
g DR o (HWV CHR W) R9-97L 11 q H H 1 L
{ID'HD) {H aAzuag "TI7 ') 0Ty
S qOMHTD 1o (HAWY Y W) L9, H H g H q 9
(LYH) (11 21AZudq "HE '$) 5T
S NERIIEN] 1o (1Y "He ‘W) 89§74 H 11 E| H H s
{(zH 71=f"H an4zudq ‘b ‘Hg) o7y
(ID'HD) O Y '5) 2978 {EHDO THE *S) SR
I O D o (HAY CHT S 079 (Y (118 W) A8 I "HOO HOO 'HOO H t
{(ZH €1=/"H anAzung "HZ D) 7g¢
(PHOO "HE ') €6°¢ ‘(PHDO HE ™) 09'¢ "(HIV 'HI) ‘ ‘
be [8—L 059 ‘(HIv HT .5,:3 (Y ‘IS ‘W) €L H YHOO H H IO £
tHgl= [
"H SNAzuaq ‘TIT *b) 6Z'¢ "(THOO HE ) 09 , ‘
4 19-09 ‘("HDO "HE 'S) oL ((HIV "HE W) €97 H 11 THOO H ‘H2O 4
(% ‘Nesdao) (1D 'H D) 0.) (ZHW 00T 100D Q) | ‘a u a | pdwo)
PIIA sisdjeue dw HKWN H,

FNELIET o

47} Y ry

sauedoadopAnAuaydip-¢ g-010[ymp- [ [ -7 40U 10} elep [BOSAY] ] 2jqRL



S. S, JONNALAGADDA et al.

718

001 < 001 < - - or< Ud*HOO H Ud“HDO H H ST
001 < 001 < - - r< “H H Ud“HDO H H r1
001 < 9F6¢ - - Or< ‘HOO H *HOO H H €l
1 F¥ £OFS0 08 IF8F LOFTS H H ‘HOO H I 4|
1F¢ 0760 01 - Or< 1O H 1 H H 11
26l £¥LC - - Op< H H 1 H H 01
001 < 9F (9 - - Or< H H D H 1D 6
bPF8E eS| - " " H H 1D H H 8
$FCT CFol - - Oy < H B H 1 q L
CFTE IFIC 01 - or< H H q H 4 9
1%L LOFT - g q H H | H H S
FCE EFET - - oy< H 'HDO *HOO "HOO H v
001 < bFSE - - o< H ‘HOO H H DO £
6F0L 9F Oy - - op< H H YHDO H ‘HOO rd
ZF0T ¥yl 001 PFLI ZFOL H H H H H 1
as = ass (M) ass as¥ A ! | b | pdwo))
(4 $2) (4 p7) uotjeq.mysad aoniqIyut g, (M) 01
I€TAN-VAIN LADW INgMeIdIM ‘Burpuiq ‘uonqryul
(M) %D (AT %) IeiR) aupiydpe)  wAjod uingny,

SI93 T¢I
VAW PUP /- DN ISUIESe AlANOR AIONQIYUT ([IM0IF pur *s[[ad /-4) Ul so[ngnioidtw jo uoneqiniiad ‘wiaosd poyund Suisn uEuEu_:u_IL 30 Surpuiq pue vonezuswAjod ugnygny Jo uONIQIYU] "7 dqEL



719

-diarvleyclopropanes

LI
g

1.1-Dichloro-2

SISDYIUASDT 1Y) AIRb2I [ § pUT € JO UOHEN[EAD aaNIID
213428 pauniojiad A1am sjuswiadxd pAUYIp udym Tuipuiy uc_u_:.::u:r._ Jouonmqryur puw pyn
aprw 94 Avw sorualod 2anejal 13yl Jo nosurdwios 1Ry e SNyl PUR CI0 QIS JO A3 U0 UIIm pouiun

Y

TPOUILLIDIDP 10N

“ripaw awjod w ojgeasun e sauedordoppdo1o|ydip 241 J0 AURE 2UIG PIDIIIN SEA AHAUDE OU 190N I sIuou
§ JO sanpea U5 3] Arvunpasd papRIA SIS3ILAS 12y 13YR AIoys g pur § spunodwon jo faALns reniur uy,
1ap a1am Apmis siy) ur spunodwos (e 1of sanpa U sonezudwdod unngng ay [ asumgsul

SIYI UL PALINDAC 1933 LT YONS IADJIY D4 TTUBISUOD Wewar Ljesauad sazuatod 2anear Ing fafRIOs POPUDIXD DL S)NSH IINOSYR JUaI3p aald uno suonuirdaxd uyngn suoyEnEAD [E20UIYIOL
a1 uaam1og pasde[a SYIUOW [RIDAIS 1 *ASEd Yaea ut atues ) sea uoraedosd ugnyny sy Spms sigi un uaarg SJUBWLIAdXD AU puR s19a50 wingnue s § punodwod Jo 2 dsuar3par i paodar £1aa0a8ip

_.ﬂ..___u:um‘—u&xu _m:_w.:: A0 U23M)IY _qutgﬂ_u 18 W 24)

JAUDIDIP SIYL 40J uosear Y (AT 6 0FL°9) £ 99ud13)00 un iodad s yatya 1Ryl wosy A3 saaggip ApRs syl g 1o ponodos onjea ™31 oy ],

pu pu hu TFLO FOFII wo (61) £V UNRISTIMIQUIO, )
HOO fHoO OtHD
HO
HI Ho ;
K708 FELE (ot £FL] 1721 ol = (RD) jonsagqusiiyiag
OH
LF9E IFL 0ot FOFYL 6 O0F0L HO HO ‘HOHD YHOYHD L1
o< 0oL < - - U< I il H H 9]
1€TAIN-VAIN LW (W) uoulgIyur %, (A L | | N 3| pduro))
() o1 (W) ™| uoneqinysad ‘Buipuq ‘uonrquyui
A NGIOIINU UNYIG)) ‘wiifod urugn}y
JB|N[[3)

“panupuo) ‘7 AqeL



720

Significant inhibitory effects on the polymerization of
purificd tubulin were observed with compounds 1. 12,
17, and perhaps 5 and 8 (see note in 'T'able 2). With the
specific tubulin preparation used, compound 1 (I1Cs,. 10
uM) was slightly more inhibitory than DES (18) (IC,,.
12 uM). The para-methoxy analogue 12 (IC.,, 8.2 uM)
was somcwhal more inhibitory than 1. Interestingly, the
most potent of the cyclopropyl analogucs as a tubulin
polymerization hibitor with this particular tubulin
preparation was the dichlorocyelopropyl derivative of
DES, compound 17. The dichlorocyclopropanes were
all, however, much less potent than the cis-stilbenc
combretastatin A-4 (19) (1C.,, 1.1 uMy.

[n terms of antiprolifcrative activity, the phenyl rings of
compound 1 tolerate a variety of substituents. Activity
was enhanced with a single para-fluoro group (5). a
single parg-methoxy group (12}, and asymmetric para-
fluoro and para-methoxy groups (11). In addition. more
potent antipreliferative activity was achieved by intro-
duction of the dichlorocyclopropyl group into DES to
give compound 17. DES was stimulatory 1o MCF-7 cells
up to 1 uM under the assay conditions uvsed, and
antiproliferative at higher concentrations. The growth
1C,, of DES in both MCF-7 and MDA-MB231 cells was
ca. S0 pM. Iis cyclopropyl congener. on the other hand.
was not stimulatory at any concentration, and yielded
much lower 1C,, values in the two cell lines (7 and 36
UM, respectively). The F-analogue of 1 (compound 16)
was inactive as an antiprolifcrative agent. Antiproli-
ferative activity was little affected by trimethoxy (4)
substitution, two fluoro groups (6 and 7), a para-chlore
group (8), or a para-bromo group (10) on one phenyl
ring. Significant loss of activity occurred with two
methoxy groups (2 and 3) or two chloro groups (9) on
one phenyl ring, symmetric para-methoxy groups (13),
or bulky, hydrophobic para-benzyloxy substitucnts on
one (14) or both (15) phenyl rings.

Despite the significant number of agents in this scrics
with antiproliferative activity, only compounds 5. 11, 12,
and 17 mumicked compound 1 in its perturbation of
cellular microtubules. DES was equipotent with 17 and
1 in this effect. The para-fluoro analogue § and the
para-fluoro para-methoxy analogue 11 were the most
potent microtubule perturbing agents, while the para-
methoxy analoguc 12 gave results intermediate to those
of 1 and 5/11.

The inhibitory activities of these agents with purified
tubulin were not in complete agreement with the
cellular assays. Although 12 and 17 were more potent
than 1 and DES in the tubulin assays, the potent
antiproliferative and microtubule-perturbing agent 11
had no detectable activity with purified tubulin.
Similarly, we could find no evidence for an interaction
with purified tubulin of compounds 4, 5, 6. 7. and 10.
With the exception of 5, these negative findings were
supporled by the observations made in immunofluor-
escence analysis of MCF-7 cells (i.c.. no perturbation of
cellular microtubules).

5.5 Jonnar acanna et al.

Thus, it appears likely that this class of structurally
simple agents probably inhibits cell proliferation by
more than one mechanism of action. Classical anti-
estrogenicity (i.e., competition for the type I estrogen
receptor) seems unlikely as the compounds displayed
antiproliferative actions against the cstrogen-receptor
negative  MDA-MB231 cells. An interaction with
tubulin may play an important role with such agents
as 1. 12, and 17, and probably 5§ and 11 (perhaps by
metabolic activation), but additional modes of action
likcly account for the antiprolilerative properties of the
other active agents.

Experimental

Chemistry

General. 'H NMR spectra were measured at 200.057
MHz in CDCL on a Varian XL-200 spectrometer at
amhient temperature. Spectra are reported in parts per
million downfield of internal (CH.),Si. Gas chromato-
graphy-mass spectra were determined on a Hewlett—
Packurd 5791 mass selective detector interfaced to a
FHewlett—Packard 5890 Series 1T GC equipped with a
12 m HP-1 (methylsilicone, 0.2 mm i.d., 0.33 um film
thickness) fused silica capillary column (Hewlett—
Packard). The carrier gas was high purity He (8 psi
column pressure), and the temperature zones used were
as follows: injector 150 °C; GC oven 0-2 min isothermal
at 100 °C, 20 “C/mn lincar ramp to 310 °C, 1 min
isothcrmal at 310 “C; detector intertace 220 °C. The
spectra were determined in electron ionization (70 'V,
GC-EI-MS) or positive chemical ionization (CH,, 200
V., GC-PCI-MS) modes. Pncumatically-assisted clcc-
trospray mass specira (API-MS) were determined with
a Perkin-Elmer/Sciex AP 7 mass spectrometer with an
atmospheric pressure ionization source and an articu-
lated TonSpray interface linked with glass capillary
tubing to a Hewlett—Packard 1090 Series 1I LC
cquipped with a Hewlett-Packard 1040 UV-vis diode
array detector (LC-MS). Analytes were dissolved in
CH;OH and injected into a flowing stream (40 uL/min)
of 2:1:1 H,O:CH,OH:CH,CN containing 1 mM
NH,0.CCH, and 0.5% CH,CO.,H through the LC
without a4 column and introduced into the ion source of
the mass spectrometer directly. High purity air was used
as the nebulizing gas and was maintained at an
operating pressure of 40 psi. High purity N, was used
as the curtain gas flowing at 0.6 L/min. The TonSpray
interface was maintained at 5 kV and the orifice voltage
at 70-90 V. The quadrupole was scanned from m/z 150
to 450 in 9-11 s per scan at a resolution of m/z 0.1. All
target compounds were judged >99% pure by capillary
GC and gave M* [M+H]*/[M+NH,]* ion clusters
indicative of their calculated masses and isotopic ratios.

Synthetic starting matcrials, reagents and solvents were
purchased from Aldrich Chemical Co. (Milwaukee, WI)
or Fisher Scientific (Pittsburgh, PA) and were of the
highest available purity. Column chromatography was
pertormed over silica gel (Merck flash grade 9385, 230-
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400 mesh, Aldrich Chemical Co.) or basic alumina
(Brockman activity I, 60-325 mesh, Fisher Scicntific)
using petroleum ether (bp 30-60 “C) ncal or mixed with
CH.Cl, or EtOAc as the eluent. Evaporations were
carried oul in vacuo on a rotary evaporator or under a
stream of dry N.. Melting points were taken on a
Fisher-Johns stage apparatus and arc uncorrected.
Reaction progress and product purity were monitored
by analytical TLC on strips of Eastman-Kodak plastic-
backed SiO, 60 T,;. Combustion clemental analyses
were done by Atlantic Microlab, Inc., Norcross, GA.
Analytical results were within *0.4% of theoretical
valucs, and arc denoted in Table | by the formula,
followed by the elements analyzed. Melting points and
highest overall vields of the new compounds are also
listed in Table 1.

Compounds 1 and 12-17 were prepared in previous
investigations or by modifications of those methods as
described in the text.”''"* A representative cxample of
the synthetic method follows. No attempts were made
to optimize yiclds.

Synthetic method

Z-1,1-Dichloro-2-(3.4,5-trimethoxyphenyl)-3-phenylcyclo-
propane (4). A round-bottom flask equipped with a
magnetic stir bar and reflux condenser with a CaCl,
drying tube was charged with a suspension of 3.4.3-
trimethoxybenzaldehyde (10.98 g, 56 mmol) and phenyl-
acetic acid (7.6 g, 56 mmol) in triethylamine (10 mL} and
acetic anhydride (20 mL). The mixture was stirred and
heated to reflux overnight. The reaction mixture wus
cooled to room temperature and poured into a
separatory funnel. EL,O (100 mL) was added and the
solution was extracted with 10% agq NaOH (3 x 200 mL).
The aqueous layver was acidified with conc HCI, and the
resulting sohd containing 2-phenyl-3-(3,4,5-trimethoxy-
phenyDacrylic acid (6.2 g, 19.72 mmol, 35% crude vyield;
LC-MS m/z 315.2 (JM+H]™)) was collected by vacuum
filtration.

A portion of the crude acrylic acid (6 g. ca. 19.08 mmotl)
was dissolved in quinoline (30 mL) in a 3-neck round-
bottom flask equipped with a magnetic stir bar.
thermometer, and reflux condenscr with a CaCl, drying
tube. The mixture was charged with 2CuQ Cr.0, (0.5 g,
6.42 mmol) and heated to 180190 “C with stirring for 2
h. The resulting mixture was cooled to room lempera-
ture, diluted with conc HCl (25 ml) and filtered
through Celile. The filtrate was extracted with EtOAc
(3 x 50 mL). The combined organic layers were washed
with brine (50 ml.). dried over Na.SQ,. filtcred. and
evaporated 1o give a tan semi-solid. The crude product
was scparated by flash 510, chromatography (petro-
leum ether to 9:1 petroleum ether:EtOAc) w give the
desired  Z-1-{3.4,5-trimethoxvphenyl}-2-phenylethenc
as an oil (0.5 g, 1.85 mmol, 109% yicld from the acrylic
acid: 'H NMR (CDC1) 8 2.7 (5, 9 H. 3 x OCII,). 5.5 (s.
2 H, I-phenyl ArH), 5.65 (dd. 2 H, J = 16 Hz. olefinic
H). 6.6 (m, 5 H. 2-phenyl ArH): GC-PCI-MS n:;z 271.2

(IM+H]|")) and E-1-(3,4,5-trimethoxyphenyl)-2-phenyl-
cthene as a white solid (1 g, 20% yield from the crude
acrvlic acid; mp 45-47 “C; "I NMR (CDCl) 6 2.9 (s, 9
H, 3 « OCH,), 5.6 (s. 2 H, 1-phenyl ArH}, 5.7 (dd, 2 H,
J = 6 Hz, olefinic H); GC-PCI-MS m/iz 2713
(IM+H|*)).

Z-1-(3.4,5-trimethoxyphenyl)-2-phenvlethene (0.2 g,
740 umol) was dissolved in CHCI, (2 mL) and placed
in a round-bottom flask equipped with a stir bar.
Benzyltriethylammonium chloride (20 mg, 88 pmol)
was added. and the solution was treated dropwise with
chilled 40% (w/v) aqg NaOH with rapid stirring. The
flask was subsequently equipped with a reflux con-
denser with a CaCl, drying tubc and stirring was
continued for 48 h. The resulting brown mixture was
placed in a separatory funnel, and the organic layer was
collected. The aqueous layer was extracted with CHC,
(2« 10 mL). The organic layers were combined, washed
with brine (10 mL), H.O (10 mL), dried over Nu,S0,,
filtered. and evaporated to give a straw oil. Three
passages through short (ca. 0.5 g) fiash SiO, columns
(petroleum ether) gave 90 mg (36% yield from olefin)
of 4 as a clear oil (GC-PCI-MS m/z 353.1 ([(1,1-di-
SCHM+H]).

Biological evaluations

General. MCF-7 human breast carcinoma cells (28th
passage) were a gift from Dr Marc Lippman, Lombardi
Cancer Center, Georgetown University. MDA-MB231
human breast carcinoma cells were from the American
Type Culture Collection. MEM culture medium,
glutamine. fetal calf serum (FCS), and HBSS were
from Gibco-BRL. IMEM culture medium was pur-
chased from Biofluids. Cells were maintained in phenol
red-containing MEM supplemented with 10% FCS and
glutamine (final concentration 0.58 mg/ml) at 37 °C
(95% humidity, 5% C0O,). One week prior to the start of
cxperiments MEM was replaced with IMEM without
phenol red. Permanox slides were purchased [rom
Nunc. PLRMFLUQOR mounting fluid was obtained
from Fisher Scientific. DES, antibadies, GTP (repur-
ificd by tricthvlammonium bicarbonate gradient anion
¢xchange chromatography), and monosodium gluta-
mate were obtained from Sigma Chemical Co. [*'H]Col-
chicine was from DuPont. Combretastatin A-4 was a
gencrous gift trom Professor George Pettit, Arizona
State University.

Tubulin polymerization inhibition assay. Electrophor-
ctically homogenous bovine brain tubulin was prepared
as described  previously.™ Inhibition of glutamate-
induced assembly of purified tubulin was performed
as described previously."” Reaction mixtures (0.25 mL)
contained tubulin and varying drug concentrations and
were preincubated for 15 min at 30 °C. The reaction
mixtures were then placed on ice and GTP was added,
and they were transferred to cuvettes held at 0 °C. The
temperature was inereased to 30 “C, and the reaction
was followed turbidimetrically at 350 nm for 20 min in



722 S. S, JonNalaGapDa ol al.

Gilford recording spectrophotomelers equipped with
electronic temperature controllers. Two control reac-
tion mixtures without drug were present in cach
experiment. The IC, value was defined as the drug
concentration necessary to inhibit the extent of the
reaction by 350%. Final concentrations of the reaction
componcnts were: 10 pM tubulin (1.0 mg/mL) 0.8 M
monosodium glutamate (pH 6.6 with HCl in 2 M stock
selution), 10 uM tubulin {1 mg/mL), 0.4 mM GTP. and
4% (viv) DMSO.

Inhibition of [*H]colchicine binding to isolated tubulin.
This was performed as described previously. ™ Reaction
mixtures conrained 1.0 uM tubulin, 5.0 pM ['H]col-
chicing, and inhibitor at 50 uM, except that 5.0 uM
combretastatin A-4 was uscd. Incubation was for 10 min
at 37 <C.

Cytostasis assays.” MCF-7 or MDA-MB231 cells
(3 % 10F) were seeded in 25 cm- flasks in 6 mL of
IMEM (non-phenol red-containing. Biofluids) with 5%
fetal calf serum (Gibco) and were allowed to attach for
24 h. The medium was discarded and cells were gently
washed with Hank’s balanced salt solution. IMEM with
5% FCS containing drugs {predissolved in DMSO; final
DMSO concentration, 0.49z) at different concentra-
tions (0, 107, 107", 10 %, and 10 ' M) was added and
incubated at 37 °C for 24 h. Each concentration was
tested in triplicate flasks. After drug exposure., medium
was transferred 1o a sterile centrifuge tube. Attached
cells were gently trypsinized. collected. and added to the
tube containing the medium (and detached cells). The
cells were pelleted by centrifugation, the number of
viable cells was determined microscopically on a
hemacytometer by trypan blue exclusion in blinded
triplicate, and 1C,, values (drug concentration necessary
for 50% growth inhibition relative to control culturcs)
were determined graphically (n = 9).

Indirect immunofluorescence detection of microtubule
perturbation."™"” MCF-7 cells (300 cells/40 uL) were
plated on sterile eight-well microscope slides and
allowed 1o attach and grow at 37 “C for 24 h, then
treated with drugs at various concentrations {10~ to
10 7 M and vehicle controls) for 24 h. The cells were
fixed with 3% formaldehyde in PBS, permeabilized in
CH,OH at —20 °C for 5 min. treated with 1% Triton X-
100 for 20 min at room temperature, preincubated with
2% skim milk in PBS for 30 min at 37 °C, and incubated
with mouse manoclonal anti-f-tubulin antibody over-
night at 4 °C. The wells were rinsed with PBS, incubated
for 68 h with fluorcscein-3-isothiocyanate-conjugated
goat-antimouse antibody, rinsed with 29 skim milk in
PBS, rinsed again with PBS, mounted with PERM-
FLUOR, and allowed to dry at room temperaturc for
two days. Slides were scored by fluorescence micro-
scopy, where a concentration was considered to give a
positive result when microtubule perturbation was
observed in 530% of 1000 cells.
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