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Summary acid$!l, [(N-alkyl-1H,3H-1-oxoisoindolin-5-yl-oxyalkan-
oate§t?!, and 5,6-disubstituted 1(#)indazole- 4,7-di-
Two alkyl-3,4-bis(4-methoxyphenyl)pyrrole-2-carboxylates onesl13l, Recently, the marine natural product rigidin, which
proved to be potent cytotoxic agents in the murine L1210 lymphoits a pyrrolopyrimidine, has demonstrated several types of
leukemia screen. DNA synthesis was preferentially inhibited wittbiological activity[14]. Lamellarin O and Lukianol A also
the major target of the agents bedegnovapurine biosynthesis at represent new and related marine natural products which
the regulatory enzyme sites of PRPP-amido transferase and ”\f)%ssess a highly functionalized pyrrole nucleus. Further
dehydrogenase. Other enzymatic activities which were SUppressﬁﬁjodification has yielded 2,3- and 2,5-disubstituted pyrroles.

by the drugs were DNA polymeraseRNA polymerases, ribonu- The e g .

X ) purpose of this investigation is to explore two substituted
cleoside reductase and dihydrofolate reductase. The d[NTP] poolSy "o 1 niara. s
nucleoside kinase and the pyrimidine pathway were not affecte; Kyl-3,4-bis(4-methoxyphenyl)pyrrole-2-carboxylates for

by the presence of drugs. The DNA molecule itself was not th'€il @ntineoplastic activities since some similarity in struc-
target of the agents, i.e. no alkylation of nucleotide bases, interciidral features exist with the above compounds in that these
lation between bases or cross-linking of DNA strands occurredoW molecular weight derivatives have been shown to be
The agents did cause L1210 DNA fragmentation after 24 h incypotent antimetabolites in cancer cells.

bation at 10QuM.

Results

Introduction
. . o Synthesis
Antineoplastic activity has been demonstrated by a number

of heterocyclic five membered ring structures. These includeGupton and co-workefd* in recent years have been ac-
1-acyl- and 1,2-diacyl-4,4-diethyl-3,5-pyrazolidinediofibs tively involved in developing methods for the regiochemi-
1-acyl- and 1,2-diacyl-1,2,4-triazolidinedione-3 5-didAles cally controlled synthesis of polysubstituted pyrroles from
3,5-isoxazolidinediones and 2—isoxazo|ine—5-é5ﬂe52-alk- appropriately substituted derivatives of vinylogous iminium
0xycarbony|-5-aryl—1,3,5—triazine—4,&(n,5H)dioneé“], 3- salts. Pyrroles, compountiand2, were prepared as depicted
imino-1-oxaisoindoline®], 5,6-substituted 1(B)-indazole- in Scheme 1 from the commercially available 2-(4-methoxy-
4,7-dione®!, N-pyridinyl and N-quinolinyl substituted phenyl)-4-methoxyacetophenone)( This ketone is effi-
phthalimides and succinimidés diazomethyl ketone and ciently converted to a vinylogous amidg by reaction with
chloromethyl ketone analogues Nftosyl amino acid8!, N,N-dimethylformamide dimethyl acetal iN,N-dimethyl-
furan derivativelS!, and vinyl, cyanomethyl and pyranyl formamide. The vinyloglous amid4)@ppeared to be a single
activated esters of 2-furoic acid and 2-furylacrylic aéals stereoisomer as determined by tic and NMR and was used in
[(N-alkyl-1,3-dioxo-H,3H-isoindolin-5-yl)oxy]-alkanoic the next step without further purification. Subsequent treat-
HO OH "o on ment of the crude vinylogous amidé4) (with phosphorus
oxychloride in methylene chloride followed by hydrolysis of
O Q O O the crude product in water/tetrahydrofuran produces the re-
spectiveB-chloroenal , a mixture oft andZ isomers with
A\ R the E isomer predominating) in good yield. The mixture
N OCHs N o B-chloroenal is then reacted with either glycine methyl ester
or N-methylglycine ethyl ester in refluxiniy,N-dimethyl-
formamide to produce the respective 2-carboalkoxy-3,4-
diarylpyrrole (L or 2) in high overall yield. A complete
account of this new synthetic procedure is in preparation and
will be published in the future. All compounds gareNMR
OCH, OH and high resolution MS data consistent with their proposed
Lamellarin O Lukianol A structures and were found to be greater than 95% pure as

(o]
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o OCH; o OCH; 36% to 39%, but dihydrofolate reductase activity was reduced

O HC(OMe),NMe; O more effectively by 78% and 53%e novopurine synthesis

T OME. He O - was reduced significantly at 31% and 41% with the activities

CH;0 3 CH;0 ) If/
CHs Table 2. Effects of compoundlL on L1210 lymphocytic leukemia cell

metabolism over 60 min.

A. POCl;, CH,Ch, Heat

B 10 and THE Percent of Control [¥ S.D]

CH:0 OCHs Assay Control 2M  50uM  100uM
O O XNHCH;CO.R DNA synthesis 10852 65+4* 43+4* 34+3*
| DMF, Heat RNA synthesis 1086° 1105 1195 124+6*
NocoR 0 Protein synthesis 188°  744* 6243*  57#4%
% 5 DNA polymerasex 100:6° 825 53t4* 38+3*
1, X=H and R=Me mRNA polymerase 106°  65:5*  58+4*  44+3*
2. X=Me and R=Et rRNA polymerase 108" 8245  7Gr4* 594
tRNA polymerase 1009 846 T34*  56x4*
Scheme 1General synthetic route for the preparation of 2-carboalkoxy-3,4inonucleoside reductase ) 694* 66£3* 61+4*
diarylpyrroles. Dihydrofolate reductase 186 63t3* 47+3* 22+2*
Purinede novosynthesis 1065 874 76:4* 79+5*
determined by tlc analysis. It should also be pointed out thegPP amido transferase ¥8)  61+4*  53x4*  49x4*
comg:)oundl has previously been prepared by Furstner &P dehydrogenase 18680 56r4*  39+4*  35x3*

al!l’®l as part of the total synthesis of the marine naturBjrimidinede novesynthesis ~ 1085 104:4 1075 1156

product Lukianol A; our materigll) had physical properties Carbamyl phosphate synthetase 480 986 925 875
(mp, NMR) indentical to those previously repor%ﬂ. Aspartate transcarbamylase 160 oats 96 1087
Compoundsl and?2 afforded excellent cytotoxicity in the Thymidylate synthetase 166" 1276* 149t6* 9245
murine L1210 lymphoid leukemic, P388 lymphocytic leukeThymine kinase 1066 1045 106 1137
mia, and human Tmaltand Tmolg T cell leukemia, HL-60 Iifr‘])g:édi”e monophosphate 160 1006 784* 7244
leukemia, HUT-8 lymphoma, THP-1 monocytic leukemia o _
EH118 MG glioma and HeLa®Suterine carcinoma screens;”;i’;"P'd'”e diphosphate k'”aselo(]g‘? 926 1126 ig&:
with EDsg values less than 20M which compared well with [ATP]

U
the clinical anti-neoplastic standards [Table 1]. S[GIE] ig:gv gii*
The mode of action study in L1210 cells demonstrated thdeig ] w
TP] 1004 102t6

DNA synthesis was suppressed by 64% and 43% ahl00
with less effect on RNA and protein syntheses after 60 Miyntrol values for Hcells over 60 min
incubation. Compound caused a 24% elevation of RNA+ < 0.001

syntheses with a 43% reduction of protein synthesis. Com-

pound2 caused 28% reduction of RNA synthesis and 25%26152 dpm i 0.868 net OD units p 18463 dpm
reduction of protein synthesis. DNA polymerasactivity b 4851 dpm ] 92551 dpm _ q 1317 dpm
was suppressed 62% and 56% , m-RNA polymerase Ygéfzm :‘;’éégé net ODunits  r i;;fgpm
reduced 56% and 42%, r-RNA polymerase was inhibitedl - dpfnm 19753 zg‘m $ 617 pml
41% and 31% and t-RNA polymerase activity was lowered>3g gpm n 0.392 mol citrulline  u 5.27 pmol
44% and 31% by compountignd?2, respectively at 100M g 6400 dpm 0 1.064 mol N-carbamyl v 6.87 pmol

after 60 min. Ribonucleoside reductase activity was reduced744 dpm aspartate w 6.94 pmol

Table 1. Cytotoxicity of Substituted Alkyl-3,4-bis(4-methyoxyphenyl)pyrrole-2-carboxylates.

EDsovalues M

N=6 Mouse Human

L-1210 P388 TmolTmolts HL-60 HuT-78 THP-1  Hela- Adenocarcinoma KB Lung Osteo- Glioma Melanoma
Cpd Leukemia Leukemia Lymphoma S  solid Colon lleum Naso A549 M9812 Sarcoma Brain Skin
# Monocytic  Uterine SW-480 HCT-8 pharynx Bone
1 8.87 429 512 447 5.00 3.81 296 1097 22.71 1561 1461 1949 16.92 1585 2789 7.39 21.88
2 778 330 363 650 4.61 459 2.89 8.38 20.40 10.62 14.23 17.37 16.52 18.27 25.75 10.30 22.15
Ara-C 9.99 9.797 10.98 2.36 390 11.76 2.54 8.76 19.49 14.06 10.44 11.68 25.82 2533 354 7.73 26.89
Hydroxy- 35.10 17.09 58.77 6.68 522 50.88 - 25.77 106.76 96.37 23.27 69.29 116.88 94.40 37.73 29.84 120.3
urea
6MP 15.96 14.19 10.64 2.67 6.36 3594 334 1393 36.8623.72 7.55 7254 30.9528.19 59.99 29.30 79.30
5FU 10.84 10.84 16.45 2.75 528 4466 049 1899 3159 23.75 8.61 9.61 27.52 43.36 27.06 9.84 18.83

Standard deviation were all within 4% of the stated values. Ara-C = cytosine arabinoside; 6MP = 6-Mercaptopurine; 5FUracHluorou
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Table 3. Effects of compoun@ on L1210 leukemia cell metabolism over TDP kinase activity by 47%. d[NTP] p00| levels were gener-

60 min. ally not affected by the agents after 60 min except compound
1 caused a 41% reduction of d[CTP] pool levels [Tables 2
Percent of Control ¢ SD] and 3].
(N=6) Assay Control 26M 50pM  100uM Calf thymus-DNA studies demonstrated that the agents did
not directly interact with the DNA molecule based on DNA
DNA synthesis 1065 745  6944* 5743 viscosity, T;n values for DNA thermal denaturationdand u.v.
. .  absorption from 220 to 340 nm. L1210 DNA strand scission
RNA ,SyntheS'S ) 106 1166 - 967 7&4* studies showed that compouhdnd?2 did cause DNA strand
Protein synthesis 186  9&5 855 754 scission at 10QM for 24 h [Fig 1].
DNA polymerasex 1066 10H5 S514* 44+3*
mRNA polymerase 16y 136:6* 69+4* 58+4*
rRNA polymerase 16e1 9G4 76t4* 69+4* . .
Discussion
tRNA polymerase 1660 926 794* 78+3*
Ribonucleoside reductase ¥H 1086 7oe4t 645 Methyl 3,4 -bis(4-methoxyphenyl)pyrrole-2-carboxylate
Dihydrofolate reductase 186  o&4 744 473 gnd ethylN-methyl-3,4-bis(4-methoxyphenyl)pyrrole-2-
Purinede novesynthesis 1066 944  8G&5 44+ carboxylate2 proved to effective cytotoxic agents in the a
PRPP amido transferase 160 724* 61+3* 59+4*  nhumber of leukemia and lymphoma screens. They were also
IMP dehydrogenase 166  om6  4aar 373+ active in the human HeLa2Siterine and glioma screens.

Compound demonstrated selective activity against SW-480
colon adenocarcinoma growth but the compounds in general
were less active against the growth of solid tumors. Their

Pyrimidinede novesynthesis 16866 106 1065 1033
Carbamyl phosphate synthetase 00 936 8H4 85+3

Aspartate transcarbamylase 360 9%5 926  om4 principal biochemical effect was inhibition of L1210 lympho-
Thymidylate synthetase 186 1066 12H7  1516* cytic leukemia DNA synthesis with less effects on RNA and
Tymidine kinase 1086 945 836 73« protein synthesis. The inhibition of DNA synthesis appeared

Thymidine monophosphate kinase 80 9a:5 825 7a4+ 0 be the result of additive inhibitory effects of the agents on
several enzyme activities including DNA polymeraseali-

Thymidine diphosphate kinase O 94 89t5 85+4 .
y phosp hydrofolate reductase, PRPP-amido transferase and IMP de-

d(ATP) 1085 125 hydrogenase over 60 min. The suppression of the later three
d(GTP) 106 1334 enzyme activities would effectively reduce purine synthesis
d(CTP) 10a5 9%5 in the cancer cells. The reduction in purines should reduce
d(TTP) 10a4 95+4 DNA synthesis initially before RNA synthesis is affected

because deoxyribonucleotide pools are approximately 10%

of regulatory enzymes PRPP amido transferase being reduééthe ribonucleotide pools in mammalian cells. The marginal
51% and 41% and IMP dehydrogenase being suppressed 88giction of ribonucleoside reductase activity by the agents
and 63% after 60 min at 1Q0. De novopyrimidine syn- would further reduce deoxyribonucleotide pools for incorpo-
thesis as well as the initial two regulatory enzymes, carbanfgtion into DNA. The deoxyribonucleotide pools were not
phosphate synthetase and aspartate transcarbamylase ofiiii¢ally reduced after 60 min incubation with the compounds.
pathway as well as thymidylate synthetase were not signifihis was probably a net effect since the agents inhibition
cantly affected by the compounds after 60 min. Nucleosid®NA polymerasea activity significantly. Not only would
kinase activities were generally not reduced by the agetits reduce DNA synthesis but the unincorporated d[NTP]s
except compounds and2 caused a 27% -28% reduction ofwould accumulate in the cell because they were not incorpo-
TMP kinase activity but compount resulted in elevated rated into the new strand of DNA. The agents appeared to
have minimum effect of pyrimidinge novasynthesis and on
L1210 DNA Strand Scission nucleoside kinase activities. ct-DNA studies suggested that
the agents were not alkylating agents attacking the bases of
DNA, were not intercalators between base pairs of DNA and
—e— Control did not cause DNA cross-linking. However, they did cause
151 W Cpd#2 DNA fragmentation which should be followed by reduction
in DNA synthesis and apoptosis. The biochemical effects and
concentration of these derivatives are typical of agents which
function as antimetabolites in cancer therapy.

—&— Cpd #1

Percent Radioactivity
5
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Experimenta| Part 126.70, 127.33, 128.49, 129.37, 131.13, 131.98, 158.01, 158.53, 162.11;
HR-MS (G2H23NOs, M + 1).

Chemical Synthesis Pharmacological Studies

Reagents: All chemicals were used as received from the manufacturer
(Aldrich Chemicals and Fisher). Nuclear magnetic resonance spectra we&gotoxicity
obtained on a Varian Gemini 2000 NMR spectrometer in either €rCl Compoundsl and 2 (Table 1) were tested for cytotoxic activity by

ds-DMSO solution. Infrared spectra were recorded on a Perkin Elmer 1420 o o o
IR spectrometer as either nujol mulls or KBr pellets. High resolution ma: gmogenizing the drugs as a 1 mM solution in 0.05% Tween80/Fhese

spectra were supplied by Dr. James A. Sikorski of Searle Corporatigplutions were sterilized by passing them through an acrodisq@yighe
Melting points and boiling points were uncorrected. following ceII_ lines were maintained by Ilterat_ure technllqﬁ 'S murine
L1210 lymphoid leukemia and P388 lymphocytic leukemia, human E&molt
) ) ) and Tmolg acute lymphoblastic T cell leukemia, HI-60 leukemia, Hut-78
(E)-3-Dimethylamino-1,2-bis(4-methoxyphenyl)propendje ( cutaneous lymphoma, THP-1 monocytic leukemia, SW480 colorectal ade-
To a solution of desoxyanisoin (5.00g, 19.5 mmol) in 100 ml DMF Wagocgrcinoma, HCT-8 iIec_)cecaI adenocarcinoma, MB-9812 lung _bronchp-
added 10.4 ml oN,N-dimethylformamide dimethyl acetal (9.30 g, 9€nic, A-549 lung carcinoma, TE-418 osteqsarcor_na, KB _eplderm0|d
78.0 mmol). The solution was stirred under inert atmosphere at reflux fBRSOPharynx, HeLa®Ssuspended and HeLa solid cervical carcinoma, Sk-
18 h. The solvent was removed by Kugelrohr distillation affording a browEL-2 malignant melanoma and EH 118 MG glioma. The NCI protocol was
solid (5.0g, 91%): mp =114-117 °C ; tlc (1 spdtF 0.56 (8:2 hexanes:ethyl used to assess the cytotoxicity of the test compounds and standards in each
acetate),lH NMR (CDCh, 200 MHz) 2.73 (s, 6H), 3.78 (s, 6H), 6.73-6.82 cell line. V_alues for cytotoxicity. were expressed ass&Db pM, i.e. the
(m, 4H), 7.05 (d, 2H] = 9 Hz), 7.34 (s, 1H) , 7.42 (d, 281z 9 Hz); HR-MS concentratlon of the compound inhibiting 5_0% of ce]l growths@lues
(C10H21NO3, M+1) calcd 312.1600, found 312.1599. were determined by the trypan blue exclusion techllﬁaue'\ value of less
than 20uM was required for significant activity of growth inhibition. Solid
(E)-3-Chloro-2,3-bis(4-methoxyphenyl)proper@ ( ;Lirggg(;]y;]ozﬁéclétgu\;\;?sDcé(\a/tiirérg{led utilizing crystal violet/MeOH and read
To a solution of E)-3-dimethylamino-1,2-bis(4-methoxyphenyl)-
propenone (0.11g, 0.35 mmol) in 10 ml of dichloromethane was add@storporation Studies

3 drops of phosphorousoxychloride (~0.15g, 0.98 mmol). The solution was . . 3 .
stirred under inert atmosphere at reflux for 4 h. The solvent was removf-:-:dncorporatlon of labeled precursors 'ﬁH}DNA‘ H-RNA andgH-proteln

under reduced pressure. The crude residue was taken up in 20 ml 0(51‘106 L1210 leukemia cells was obtainéd using a cohcgntratiop range
THF:water [1:1] and stirred at room temperature for 24 h. The THF Wég 2550 gnd #QQIM Of_ the test aggnts over a 60.m@|§] |ncubat|_ons. The
removed under reduced pressure. The agueous mixture was wasteot |ncorporat|ol§41 of"C-glycine (53.0 ”?C"mm".') into purin .n@a%]nd the incor-

with chloroform. The chloroform layers were combined and dried ov&qratlop of 'C?formate (53.0 mCi/mmol) into pyrimid was deter-
anhydrous magnesium sulfate, filtered and the solvent removed underrl’[H["Ed in a similar manner.

duced pressure affording a brown solid (0.100 g, 94%): mp 132-134 °C; tlc

(2 spotsE andZ isomers)R = 0.40 and 0.46 (8:2 hexanes: ethyl acetate); IFENZyme Assays

(nujol) 1675 cri’; *H NMR (CDCl, 200 MHz, major isomeE ) 53.84 (s, Inhibition of various enzyme activities was performed by first preparing
3H), 3.88 (s, 3H), 6.97 (d, 4d= 9 Hz), 7.24 (d, 2H] = 9 Hz),7.51 (d, 2H, the appropriate L1210 cell homogenates or subcellular fractions, then adding
J=9Hz), 9.65 (s, 1H); HR-MS (@H15ClOs, M+1) calcd 303.0788, found  the drug to be tested during the enzyme assay. For the concentration response

303.0782. studies, inhibition of enzyme activity was determined at 25, 50 angdNI00
of compoundd and2, after 60 min incubations. These concentrations of the
Methyl 3,4 -bis(4-methoxyphenyl)pyrrole-2-carboxyldde ( agents were selected for 1 hour incubation to establish the mode of action of

) ) the derivatives quickly and are consistent with literature mé&efs. DNA
To a solution of§)-3-chloro-2,3-bis(4-methoxyphenyl)propenal (79 mg, olymerasen activity was determined in cytoplasmic isolated extFfts

0.26 mmol) in 10 ml dry DMF was added methyl glycinate hydrochlorid ; . .
(54 mg, 0.43 mmol). The solution was stirred under inert atmosphere at ref %clear DNA polymeras@ was determined by '_SOIatmg nuéfé} .21']he
olymerase assay for both and 3 was determined witfH-TTP24

for 20 h. The solvent was removed by Kugelrohr distillation. A crude black

residue was obtained which was purified by passing it through a short pM?sser?ger-', ribosomal- and transfer-RNA polymerase enzymes were iso-
of silica gel affording a light brown solid (72 mg, 82%) : mp 168—171 °C [”{a ed with different concentrations of ammonlumzssgéfate; individual RNA
ref. 169171 °C] ; tic (1 spoBr = 0.24 (75:25 hexanes:ethyl acetate) . |rPolymerase activities were determined uglﬁgJTP[ 28] Ribonucleoside

(KBr) 3300 and 1670 i 'H NMR (CDCh, 200 MHZ)5 3.73 (s, 3H), 3.76 reductase activity was measured uéﬁﬁgCDP with dithioerythritdlm. The
(s,3H), 3.82 (s, 3H), 6 7é (d, 28&= 9 Hz) 6’84 (d, 2 H= 9 Hz) 6 98'—7.07 deoxyribonucleotide¥'C-dCDP were separated from the ribonucleotides by

_ TLC on PEI plates. Thymidine, TMP and TDP kinase activities were
(m, 3H), 7.19 (d, 2H]) = 9 HZ), 9.18 (br s, 1H}*C NMR (CDCB, 200 MHz) . DG Y . 8l
55135, 5523, 113.25, 113.60, 119.47, 12041, 126,54, 126,63, 127 J5ermined usindH-thymidine (58,3 mCilmmaff®. Carbamyl phosphate

. nthetase activity was determid@dwith citrulline quanititated colorimet-
&/I2+91-)24’ 129.61, 132.04, 158.19, 158.71, 161.90; HR-MBHUGNOs, 10301 “Agpartate transcarbamylase activity was meastifeandcar-

bamyl aspartate was quanititated colorimetricafiyl. Thymidylate
synthetase activity was analyzed by theO released which was propor-
Ethyl N-Methyl-3,4-bis(4-methoxyphenyl)pyrrole-2-carboxylaje ( tional to the amount of TMP formed frofi-dUMP B2, Dihydrofolate
reductase activity was determined by a spectrophotometric m&thad

To a solution of E)-3-chloro-2,3-bis(4-methoxyphenyl)propenal (a mix- . L )
; . PRPP amidotransferase activity was determined by the method of Spassova
ture of isomers) (195 mg, 0.64 mmol) in 10 ml dry DMF was added ethyl a4 vp dehydrogenase activity was analyzed withGHMP

. . : g
sarcosinate hydrochloride (139 mg, 0.91 mmol). The solution was stlrri4 mCi/mmol) (Amersham, Arlington Heights, IL) after separating XMP
0

under inert atmosphere at reflux for 20 h. The solvent was removed ) S . .
Kugelrohr distillation. A crude black residue was obtained which wafsx PEI plates (Fisher Scientific) byTE@.Protem content was determined

purified by passing it through a short plug of silica gel affording a yellow-or the enzymatic assays by the Lowry et al. techr{ﬁﬂle
green oil (200 mg; 92%); bp 110-120 at 2.0 torr; tic ( 1 spotfs = 0.56 .
(75:25 hexanes:ethyl acetate). IR (KBr) 1690 tntH NMR (CDCl, ~ DNA studies

200 MHz)8 1.02 (t, 3H,J = 7 Hz), 3.74 (s, 3H), 3.81 (s, 3H), 3.96 (s, 3H), After deoxyribonucleoside triphosphates were extraifedlevels were
4.08 (q, 2H, = 7 Hz), 6.73 (d, 2HJ = 9 Hz), 6. 83 (d, 2H] = 9 Hz), 6.88  determined by the method of Hunting and HendeF®mwith calf thymus

(s, 1H), 7.00 (d, 2HJ = 9 Hz), 7.13 (d, 2H] = 9 Hz),"*C NMR (CDCk,  DNA, E. coli DNA polymerase |, non-limiting amounts of the three deoxyri-

200 MHz) 6 13.93, 37.66, 55.23, 59.75, 113.06, 113.74, 120.72, 123.9%0¢nucleoside triphosphates not being assayed, and either 0.4 g of (

Arch. Pharm. Pharm. Med. Chem. 331, 337-341 (1998)
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methyl)-dTTP or (53-H)-dCTP. The effects of compountignd2 on DNA
strand scission was determined by the methods of Suzuki&l aPera et

al.“9 ang Woynarowski et al*t 11210 leukemia cells were incubated

with 10 Ci thymidine [methyﬁ-L 84.0 Ci/mmol] for 24 h at 37°C. L1210
cells (10) were harvested and then centrifuged at 66016 min in PBS.

341

[16] W.Y. Yoshida, K.K. Lee, A.R. Carroll, P.J. Scheude)v. Chim. Acta
1992 75, 1721-1725.

[17] R.J.Geran, N.M. Greenberg, M.M. Macdonald, A.M. Schumacher, B.J.
Abbott, Cancer Chemotherapy Repoi872 3, 9-11.

They were later washed and suspended in 1 ml of PBS. Lysis buffer (0.5 48] A.L. Leibovitz, J.C. Stinson, W.B. McComb, IlI, C.E. McCoy, K.C.

0.5 M NaOH, 0.02 M EDTA, 0.01% Triton X-100 and 2.5% sucrose) was

Mazur, N.D. MabryCancer Res1976 36, 4562—4569.

layered onto a 5-20% alkaline-sucrose gradient (5 ml; 0.3 M NaOH, 0.7 Kﬁb] L.L.Liao, S.M. Kupchan, S.B. Horwitylol. Pharmacol.1976 12

and 0.01 M EDTA); this was followed by 0.2 ml of the cell preparation. After

167-176.

the gradient was incubated for 2.5 h at room temperature, it was centrifuged ] ]
at 12,000 RPM at 20°C for 60 min (Beckman rotor SW60). Fractions (0.2 nig0] E. Cadman, R. Heimer, C. BedzBiol. Chem1981, 256 1695-1704.

were collected from the bottom of the gradient, neutralized with 0.2 ml
0.3 N HCI, and measured for radio-activity. Thermal calf thymus DN

1] R.l. Christopherson, M.L.Yu, M.E. Jonesnal. Biochem1981, 11,
240-249.

denaturation studies, DNA u.v. absorption studies and DNA viscosity studies

were conducted after incubation of compouhgdand2 at 100uM at 37°C
for 24 K43,
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