-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by University of Huddersfield Repository

M

University of
HUDDERSFIELD

University of Huddersfield Repository
Shervington, LA, Smith, N, Norman, E, Ward, T, Phillips, Roger and Shervington, A

To determine the cytotoxicity of chlorambucil and one of its nitro-derivatives, conjugated to
prasterone and pregnenolone, towards eight human cancer cell-lines.

Original Citation

Shervington, LA, Smith, N, Norman, E, Ward, T, Phillips, Roger and Shervington, A (2009) To
determine the cytotoxicity of chlorambucil and one of its nitro-derivatives, conjugated to prasterone

and pregnenolone, towards eight human cancer cell-lines. European Journal of Medicinal
Chemistry, 44 (7). pp. 2944-2951. ISSN 0223-5234

This version is available at http://eprints.hud.ac.uk/23560/

The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:

* The authors, title and full bibliographic details is credited in any copy;
* A hyperlink and/or URL is included for the original metadata page; and
* The content is not changed in any way.

For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox @hud.ac.uk.

http://eprints.hud.ac.uk/


https://core.ac.uk/display/30731552?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

To determine the cytotoxicity of chlorambucil and one of its nitro-derivatives, conjugated

to prasterone and pregnenolone, towards eight human cancer cell-lines.

Leroy A. Shervingtort” Nigel Smith? Emma Normari Timothy Ward, Roger Phillips and
Amal Shervingtoh

! School of Pharmacy and Pharmaceutical Sciendesversity of Central Lancashire, Preston PR1 2MK.

“Corresponding authorsmail: lashervington@uclan.ac.ukPaterson Instituteof Cancer Researcithe University

of ManchesterManchesterCancerResearch Uniffom Connors Cancer Centre, UniversityBoadford Bradford

Abstract

Four estemprodrugsderived from the bifunctional alkylating agent chlorambucil, and one of its
nitro-derivatives, &nitrochlorambucil conjugated to prasterone and pregnenolone, were
synthesized andested for their cytotoxic activitpgainst eight human cell linessing the
standard MTT assayA comparison between the esters and the controls, nahigisambucil

and 3nitrochlorambucil would suggest that all faesterspossess twarying degrees, specificity
towards the breast adenocarcinoma cell line (MDIB468) than the other seven cells lines
tested.The overall findings are encouragisgce itinfers thatthese lipophilic esters not only
have the ability to traversgpecificcell membranes but also exhibit cytotoxicity towards most of
the celllines tested.
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1. Introduction

Chlorambucil, alsoknown as 4{4-[di(2-chloroethyl)amino]phenyl}bytic acid, was first
synthesised in 1953. It is an aromatitrogen mustard and its cytotoxicity as a bifunctional
alkylating agent is due to its ability to crdg between the bases of DNA]. Chlorambucil is
still used as one of the frehhe drugs in the treatment of chronic lymphocytic leukaemia,
malignant lymphomas and advartevarian and breast carcinom@&iinical use of chlorambucil
is however limited by its toxic sideffects [2,3]. At physiological pH chlorambucil is
predominantly ionized [Mand thereforenay not rely solely on passive diffusid §]in order to
traverse biological membranes and reach the targeted tumour calsldd known to bind to
plasma constituents such as albumimch reduces its ability to effectively target tumour
cells[7].

The aim of tis study was taletermine lie cytotoxiaty of four steroidal esters of prasterone and
pregnenolondinked to bifunctional alkylating agents, chlorambucil and its rieavative,
3-nitrochlorambucil, against three breast adenocarcinoma cell lines, namely, the estrogen
positive brastadenocarcinoma (MDA MB468) the estrogegative breast adenocarcinoma
(MCF7), and the transfected breast adenocarcinoma (MDA NQO1). In additionst® ¢ak
lines, the study was also carried out to investigate the cytotoxic effebtts esters ma broader
spectrum of cell types, namely, colon adenocarcinoma (Widr), brain poshessa
medullablastoma (Daoy), lung large cell carcinoma (H460), ovarian adenoacaac(®©VCA3)
and skin malignant melanoma (A373)he presence of the strong withdrawinigraigroup,
ortho to the N,Nbis(2chloroethyl)moiety [8] should reduce the reactivity of alkylating moiety
by limiting the formation of the highly reactive aziridine intermedi&le The masking of the
ilonisable carboxylic moiety of chlorambucil and teeresponding nitralerivative, via an ester

bridge to a steroidal moiety, should increase the overall lipophilicity of thegan mustard and



possibly enhance the compounds ability to traverse cell membrgf§s Furthermore, he
steroidal moiety coudl possiblyenhance the selectiy of the alkylating moiety by targeting
tumour cells that have hormone receptors.

Prednimustine and Bestrabucil are two clinically available hormonal atkylagents that were
specifically designed to enhance selectiatythe chlorambucil moiety. Prednimustine, derived
from the combination of chlorambucil and prednisoldim&ked via an ester bridge, was designed
to mask the carboxylic acid and to seleetytarget tumour cells with specific hormone
receptord11]. It has proved to be effective in the management of a number of leukaemias and
lymphomas [12,13] Bestrabucil, the benzoate of the estradidbrambucil conjugate, was
initially developed as a target orientated anticancer agent for the thdrapyrapenreceptor
positive breast canc¢t4]. Research data supporting the targeting nature of this conjugate has
shown that concentration of bestrabucil and some of its derivatives, accuilatéimes
higher in tumour tissue of the sensitive xenografts, than in blood and musclg¢ti§sue

Although prasterone angregnenolone(Figure 1), are known to be important steroidal
intermediates in the biosynthesis of various hormddé€sl7] relatively few studies have
explored their potential as carrierln additon, because there igrowing interest in both
prasterone and pregnenolofie8-26] it would be usefulto explore the potential ofhese
steroidal compounds linked alorambucil andhe correspondingitro-derivative
3-nitrochlorambucibks potential caiers. The four esterg question(Table 1)werechlorambucil
and the &itrochlorambucil esters of prasterone (C1 and &) chlorambucil and the

3-nitrochlorambucil esters of pregnenolone (C3 and C4).

2. Chemistry
The estergvere prepared by treag chlorambucilseparately wittprasteroneand pregnenolone

in the presence dPCC and DMAP at room temperature in dichloromethi@1@ (Scheme 1)



The nitroderivatives were preparea a similar mannerafter obtaining ahitrochlorambucil (C6)

by treaing chlorambucilat ®C with nitronium tetrafluoroborate in acetonitril@]. The four
esterswere testedn-vitro for their cytotoxic effects against eight human cell lines using a
growth inhibition assayChlorambucil (C5) and-8itrochlorambucil (C6) weresed as controls

in the investigation.

Prior to measuring the cytotoxic effect of the esterstl@neight human cancecell lines,
measurements involving the determination of the partition coefficietms hydrolyzing
properties and thalkylating activities of theefour esters together with chlorambucil and
3-nitrochlorambucilvere carried out. The measured partition coefficients for the four esters were
found to be greater than(® and was compared with values obtained by the applicati@n of
compute aided program. The estimated partition coefficients for the foursestaged from
8.54 + 0.46 to 9.18 £ 0.42, confirming the highly lipophilic nature of the estles. partition
coefficients of chlorambucil and-fdtrochlorambucil were found to be 3.80 + 0.30 and 3.70 +
0.35, respectively, and were in close agreement with the estimated values Z) alblee
measured partition coefficient of chlorambucil was also found to be in close agtetme
previous studieg[10] The determined alkylating activitypf 3-nitrochlorambucil ester of
prasterone (C2and 3-nitrochlorambucil ester of pregnenolon@4) were significantly lower,
presumably du¢o the electron withdrawing effect of the nigooup attached ortho to the N,N
bis (2chloroethyl) moiety reducinghe activity of the alkylating moietyln addition, the
determined alkylating activity of the esters were much lower than ththeddlkylating activity

of chlorambucil an@-nitrochlorambucil.

A similar phenomena was observedearlier studiegl10]. It wasfound that on increasing the
complexity of chlorambucil esters by the addition of carbons, a sharp decrehse alkylating

activity resulted. Interestingly, thereasa rough correlation between the alkylating activity and



the cytotoxicity of thecompounds with a number of the cell lines tested.

3. Pharmacology and Phar macokinetics

A HPLC method was developed to monitor the hydrolysis of the esters aodfiion the esters
possible role as prodrug®n storing both the prasterone and pregnenolone derivatives of the
nitrochlorambucilat 37°C in phosphate buffer saline (pH 7.4) over a period of forty five days in
sealed sample bottleesulted in46% and 48% degradation respectively,of these esters
Interestingly,it has been reported thatetimalflife of chlorambucilin PBSis approximately 60
minutes, with the formation ofhé dihydroxy derivative4-{4-[di(2-hydroxyethyl)aming
phenyl}butyric acid Fortunately, this degradation is not observed in either blood or

plasma[28]. It was foundhat onincubatingseparatelyall four esterat37°C in the presence of
porcine liver esterase, the ratehyidrolysisranged from 287% and 8394%, overa 2 h anda

24 h period respectively Grieg et.al. reportedthe hydrolysis of various chlorambuester
derivativesusing nonspecific plasma esterases measuredvo, using rat plasmaresultedin

rapid cleavage ranging from less than 10 seconds to 5 minutes, depending on the siztef the e
[10]. However, Grieggt.al. also determinethe rateof hydrolysis of chlorambucilertiary butyl

ester in freshly prepared rater and blood, and foundhat this ester waselatively stable with
half-lives of approximately2h and7h, respectivel\j29]. This phenomenwas attributed to the
steric hindranceof the tertiary butyl grouplnterestingly, the esters in this study have similar
stereochemistry’s to the chlorambucil tertiary butyl estarsl after incubaing themin fresh
human plasmaver a period 24hthe percent of prasterone andgmenolone drivatives that

had hydrolged ranged from 555 and 3739%, respectively.

The chlorambucil ester of prasterone (Cd)owed activity against all the céithes with the

exception of(Widr). The highest activity for this ester was against (MDB468) withan 1G5



of 5.48M. The 3-nitrochlorambucil ester of prasterone (@&s only cytotoxic against (MDA
mb468) andthe transfected (MDANQO1) cell line, with 1Gys of 7.25 and 10.60M,
respectively. Thechlorambucil ester of pregnenolone (GBas cytotoxic & varying degrees
againstall of the celllines, theleast being theéVICF-7 cell line which expresses estrogen and
progesteroneeceptord30], however, it was most active against Mb#b468cell line with an
ICs50 of 10.26 uM. The 3-nitrochlorambucil ester of pregnenolone (G¥as cytotoxic against
(MDA-mb468), the transfected (MDA NQO1) and the (MDFceltlines, with 1Go's of 19.34,
32.56 and 680 uM, respectively. Both chlorambucil andnirochlorambucil were used as
controls in the study involvinghe eight celtlines, and afforded I§'s ranging from 0.65.13
UM and 1.1613.04 uM, respectively. The effect of the nitgpoup was clearly evident when
comparing the cytotoxicity othlorambucil (C5) and3-nitrochlorambucil (C6), where the
reduced activit of 3-nitrochlorambucil was attributed to the effect of the ngroup ortho to
N,N-bis(2chloroethyl) moiety and closely correlated with timevitro determination of the
alkylating activity using p-nitrobenzyl pyridine. As a control measure, the aytatty of both
prasterone and pregnenolone were awied outon the cell lines and were found to be nhon

cytotoxic at concentrations below 10M. The 1Gg data can be found in Tabe

4. Resultsand Discussion

A number of interesting findings weodtained from investigatg the activity of the compounds
against the tested cell lines. The most significant finding involvedri@stadenocarcinoma
(MDA mb468) cell line, where all the compounds exhibited cytotoxic activity rangomg f

0.65 UM to 19.34uM. The reason for using the transfectwdastadenocarcinoma (MDA
NQOL1) cell line was to assess the possible bioreductive potential of theaontpounds, since
the added flavoenzyme NAD(P)H: quinone oxidoreductase-diaphorase), via an oxygen

independent pathwd@1], catalyzes tweelectron reduction of quinones and nit@mpounds to



hydroquinones and nitroso compounds, respectiy8R]. In addition, there is an over
expression of D¥diaphorasehroughout many tumor tissu¢33,34] and its ativity and gene
expression have been found to be up regulated in compariisaue levels in lung, colon, liver
and breast tumoi85,36] DT-diaphorase is therefore an attractive target for the development of
bioreductively activated chemotherapeutigeiats [37]. Furthermore, Ddiaphorase is also
capable of detoxifying certain potentially carcinogenic xenobiof88]. However, the
determined cytotoxicity of the tested compounds were found to be between 1.5 to r2dbéd g

in the (MDA-mb468) comparetb the (MDANQOL1) cell line. These results did not therefore
provide conclusive evidence that the est@2 and C4)were reduced to the corresponding
nitroso or hydroxylamine derivatives buatay suggest that the transfected cell line exhibits
greater restance by possibly detoxifying the compounds via thediiphorase dependent
pathway, whereas, the (MD#b468) cell line, possessing no functional diaphorase, is less
resistant.The esters were tested for their cytotoxicity against the breast adenoter{M&CF

7) cell line in order tawonfirm whether they displayed any specificity against estrogen dependent
cell lines However, mild cytotoxicity was only observed with esters (C1, C3 anda@idjding
ICs0s of 72.5, 90 and 68.3MM, respectively. The detmined IGy's for chlorambucil and
nitrochlorambucil were 4.5 and 28V, respectively and would therefore imply that esters (C1,
C3 and C4) do not exhibatny significant specificity for the estrogen dependent cell line.

A comparison between the d£daa obtained for prasterone and pregnenolone esters, would
suggest that prasterone esters are in general, more cytotoxic and theiglaliagorrelates with

that obtained for their alkylating activity. Furthermore, due to the presence oittbgroup n
esters (C2 and C4), the determined alkylating activity was significaedyced compared to
esters (C1 and C3) which roughly correlated with the activity obtained for ¢stss in all but

two of the cell lines testedenerally,when astrong electro withdrawing grougsuch asa nitro



group is attachedortho to the N,N-bis (2chloroethyl) noiety, the potential to alkylate is
reduced.This phenomena is observed when comparing compounds C1 with C2, C3 with C4, C5
with C6, in addition to C1 with C4 and C2 with G3owever, there is no correlation, as one
would expect, between the magnitude of alkylation and the degree of cytotoxicitg celt

lines tested.

5. Conclusion

The findings are encouraging because the four esters pos$sesarying degregessome
specificity towards théreastadenocarcinoma cell linBMDA mb468) with chlorambucil esters

of prasterone(Cl and C2)displaying higler activity. However thechlorambucil ester of
prasterongC1) and the nitrochlorambucil ester pfegnenolone@3) also exhibitedrelatively
significant cytotoxic activity toward$rain posteriafussa, medullablastoma (Daoy) anlding
largecell carcinoma (H460) cell lineAn additional advantage of linking chlorambucil and its
nitro-derivative to prasterone and pnegolone is that the resulting esters exhibit increased
lipophilic properties, which should thus increase their ability to traverse {issge barriers.
However,this must be balanced by thability to be cleaved at some point in order to avoid
possibleaccumulabn within the cell membrane and thus be prevented from entering the cytosol.
From the results, one can conclude that the esters did not show improved cyjotowiards

the cell lines testeccompared to the parent drugs, in fact, it wasthetintention to develop
compounds with greater activity but compounds that possess cytotoxicity similacluserto

the parent drugs, with the aim of being more selective, and less damatfieg#dls and tissues.

A comparison between the activity the esters and the parent drugs, does however, require
some degree of caution, since it is inconclusive as to whether the differenceity aetsdue

to intrinsic properties of thestersor whether it was attributed to the partial or complete

bioconwersion of the esters into the active parent driigsvould certainly be of interest to



determine the precise mode of action ok#esters in order to confirm whether or not they truly
function asprodrugs.The estersnay also be subject to efflux by-gtycoproteins orby ABC
transportersthuslimiting their bioavailability[39-47. It would be of interest ttnvestigate the
cytotoxicities of these esters cells that overexpress Rylycoproteins, initially targetinghe
breast adenocarcinoma cell li@CF-7) using matched controls and an MCZFell line that
overexpresses glycoprotein. Studies are now underway in order answer some of these
guestions.

6. Experimental Section

6.1. Materials

The IR spectra for the compounds were recordedtherea chloroform solution or as an oil
using a Genesis FTIR spectrometét; NMR were recorded in deuterated chloroform using a
Bruker drx500 (500 MHz), a amx360 (360 MHz), and a Avance dpx300 (300 MHz) instrument.
Tetramethylsilane was used as intestahdard, and values are given in H2°C NMR spectra
were recorded using the listed NMR spectrometers at 125.77, 90.55 and 75.47 MHz,
respectively. Mass spectra were recorded on a VG ZAB 2SE high resolutiospeag®meter,

with Opus V3.1 and DEC 3008Ipha Station and microanalysis were recorded on a LEEMANS
C E440 Elemental Analyzer. Reactions were monitored, whenever possiblé€byn silica gel
plates (Gsg) and column chromatography was performed using C60 silica gelQ(36n).
Samples were cenfuged using a Sanyo MSE Microcentaur and esters were incubated
(hydrolysed)n aMemmert UM200 incubator.

ThreeHPLC systems were used at various stages of the investigaB®&C LC 1110 HPLC
pump connected with a 2@ loop, a GBC LC 1210 UV/VISletedor and a Hewlett Packard
HP3395 integrator. Theecondsystem involved the use of a Varian Vista Series 5000 LC pump

connected to a 2@l loop, a Waters 486 UV/VIS detector and a Hewlett Packard HP3395



integrator.The third system involved the use a Gilson 30Bypuconnected to a 20 loop, a
Dionex UVD 340S diode array detector controlled by a Dell Optiplex GX1 computer equipped
with Chromeleon (version 6.10). The unit was connected to a Hewlett PackardeD83RC

printer.

Chemicals: dichloromethanertiary butanol, N,Ndicyclohexylcarbodiimide,
4-dimethylaminopyridine,  nitronium tetrafluoroborate, sodium acetate, chlorambuc
isopropanol, roctanol, HPLC grade acetonitrile, sodium chloride, potassium dihyhrogen
phosphate, disodium hydrogen phodphaotassium chloride, porcine liver esteragespended

in 3.2M ammonium sulphate. (340 equivalent to 16.5mg of proteingbsolute ethanol and
water were all purchased from Sigma. Ethyl acetate, C60 silica gel, lightepetrether (40

60), ethanol (8%), deuterated chloroform and acetone (analar) were purchased from Merck.
Pregnenolone and prasterone were purchased from Acros Organics.

4-(4-nitrobenzyl) pyridine and -amincl-propanol were purchased from Lancaster Research
Chemicals. The media useaf the tissue culture was RPMI 1460 supplemented with 2 mM
L-glutamine and 10% foetal bovine serum. The RPMI andlutamine were purchased from

Sigma while the foetal bovine serum was purchased from PAA Laboratories.

6.1.1. Methods

6.1.2. Cdl linesused in theinvestigation

The ATCC human cell lines used in the study were cultured at The Patersongelrisbr
Cancer Research, Manchester, UK and The Cancer Research Council Unit, BradfofdheUK.
cell lines used were colon aenocarcinoma (Widr)prain posteria fussa medullablastoma

(Daoy); breastadenocarcinoma (MDANb468); meastadenocarcinoma cell line (MDA NQO1)
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transfected with flavoenzyme NAD(P)H : quinone oxidoreductasedi@phorase);
breastadenocarcinoma (MC¥H); lung large cell carcinoma (H460),ovanian adenocarcinoma

(OVCA-3) andskin malignantmelanoma (A375).

6.1.3. General proceduresfor the synthesis of compoundsC1, C2, C3, C4 and C6

6.1.4. Synthesis of 4-{4-[di (2-chlor oethyl)amino]-3-nitrophenyl}butanoic acid (C6)

A solution of nitroniumtetrafluoroborate (2.0 g, 15.64 mM) in acetonitrile (60 ml) was stirred at
0°C under argon, and after 15 minutes chlorambucil (4.0 g, 13.16 mM) in acetonitrild)(60 m
was added dropwise over a period of 10 minutes. After being stirred for an addionadutes

at °C, the reaction mixture was stirred at room temperature for 1 hour and then pooiraal int
excess of water (150 ml). The organic material was extracted with dichltiameef3 x 60ml),
washed with water (3 x 60ml) and dried over anhydrodsugso sulphate. The sodium sulphate
was removed by filtration and the dichloromethane was removed by evaporatiornraecd=d
pressure to afford the crude product which was chromatographed on a column of lsikith ge
ethyl acetatdight petroleum (2:1ps eluent to give the-@itrochlorambucil as a dark orange oil
(2.51g, 55%). (Found: C, 47.9; H, 5.40; N, 8.20; CI, 20.200444CI.N>O, requires

C, 48.15; H, 5.20; N, 8.00; Cl, 20.30%);ax (CHCl)/cm® 1720 (C=0) and 2808500 br
(OH); 84 (300MHz; CDCh) 1.98 (2H, m, &,CH,CO,H), 2.42 (2H, t] 6.9, CH,COH),

2.70 (2H, tJ 7.5, ArCH,), 3.50 [8H, 2xm, N(&, CH, Cl);], 7.30 (1H, d,J 9.0, meta to NO,,
CgH3sNOy), 7.35 (1H, dd,J 8.2 and 2.0parato NO,, CsH3NO,), and 7.54 (1H, d] 2.0, orho

to NO, CsH3sNO,); ¢ (CDCly) 25.8 CH,CH,CO,H), 32.9 and 33.9GH,CH,CH,), 41.5 (2 X

CH.CI), 55.9 (2 x HCN), 124.8 {CH, ortho to N(CH,CH,Cl),], 126.8 CH, ortho to NO,),

11



133.3 CH, parato NOy), 138.2 C-CH,), 140.6 C-NO,), 146,4 C-N(CH,CH, Cl),], 177.0

(COzH); m/z (EI) 348.

6.1.5. Synthesisof (3B)-3-Hydroxyandrost-5-ene-17-one, 4-{4-[di(2-chlor oethyl)amino]
phenyl}butyrate (C1)

General procedure used for preparing all four esters

A solution of chlorambucil (1.0 g, 3.29 mM) gichloromethane (40 ml) was stirred at room
temperature for 10 minute, after which time, prasterone (1.09 g, 3.78 mM) in didekhane

(10 ml) was added dropwise over 5 minutes. A solution of DCC (780 mg, 3.78 mM) in
dichloromethane (20 ml) was added after which time DMAP (1.2 mguM)Bwas added to
catalyze the reaction. The reaction mixture was sealed and stirred for 20 howamat r
temperature. The resulting suspension was treated with acetonitrile (3® onfjer to enhance

the precipitation of the bgroducts. The precipitate was filtered and the solvents were
evaporated under reduced pressure to afford the crude product. The crude product wa
redissolved in ethydhcetate (50 ml), leaving behind undissolvedgpbyduct which was removed

by filtration. The ethyl acetate was removed by evaporation under reduced pressureioqiive
which was chromatographed on a column of silica gel using ethyl atighdatpetroleum (1:2)

as eluent to afford the ester as anwdfiite oil (1.19 g, 63%) (Found: &8.53; H, 7.41; N, 2.40;

Cl, 12.19%. GzH4sCloNO3 requires C, 68.97; H, 7.89; N, 2.43; Cl, 12.?>3°/‘a,)glx\(CHCIg)lcm'l
1731cni (C=0):34 (300 MHz; CDC}) 0.88 (3H, s, Elz on C18), 1.05 (3H, s,ld3 on C19),

2.30 (2H, t, CHCH,CO,), 2.36 (1H, m, &, on C8), 2.41 (2H, m, I, on C16),

2.56 (2H, m, Ar®l,), 3.603.72 (8H, m, 2 x B,Cl and 2 x ®,CH,Cl), 4.61 (1H, m, €, on

C3), 5.40 (1H, d, B, on C6), 6.65 [(2H, dortho to N(CH,CH,Cl),], 7.08 [(2H, d,meta to
N(CH,CH.CI)]; 8¢ (CDCl5)13.5 (C18), 19.5 (C19), 20.5 (C11), 22.2 (C15), 26.4

(CH.CH,COy), 27.2 (C2), 29.6 (C12), 31.5 (C7B1.8 (C8), 34.1 (ACH; and CHCH,COy),

12



36.0 (C16), 36.8 (C10), 37.0 (C1), 38.1 (C4), 40.3 CHxCl), 47.4 (C13)50.0 (C9), 51.6
(C14), 53.8 (2 XCH,CH,CI), 73.5 (C3), 112.4 [2 CH, ortho to N(CH,CH,CI),], 121.8 (CB6),
129.7 [2 xCH, meta to N(CH,CH,Cl),], 131.0 C-CH,), 139.8 (C5), 43.8@N), 172.2 (O

C=0), 220.9 (C=0); m/z (El) 57%ossible reversed assignment.

6.1.6. (3B)-3-Hydroxyandrost-5-ene-17-one, 4-{4-[di(2-chlor oethyl)amino]-3-nitrophenyl}
butyrate (C2)

The final step involved the removal of ethyl acetate by evaporation uedeced pressure to
give an oil which was chromatographed on a column of silica gel using ethylediogtat
petroleum (1:2) as eluent to afford the ester as a light orange oil (690 mg, 70%) (Fpund: C
63.82; H, 7.22; N, 4.47; Cl, 11.28%34844CI,N,Os requires C, 63.97; H, 7.16; N, 4.52; Cl,
11.44%); Vhax (CHCls)/cm* 1731cmt (C=0); 84 (300 MHz; CDC}) 0.8 (3H, s, (s, on C18),
1.05 (3H, s, Els, on C19), 2.30 (2H, t, I8, CH,CH,CO,), 2.36 (1H, m, €, on C8), 2.41
(2H, m, (H,, on C16), 2.66 (2H, m, Afd,), 3.4063.59 (8H, m, 2 x E,Cl and 2 x
CH,CH.CI), 4.60 (1H, m, €, on C3), 5.40 (1H, d, g, on C§, 7.30 [1H, d, &, ortho to
N(CH,CH.CI)2],

7.35 [1H, dd, ®, metato N(CH,CH.CI),], 7.54 (1H, d, @, ortho to NO,, CsHsNOy);

5c (CDCly) 13.5 (C18), 19.5 (C19), 20.3 (C11), 21.8 (C15), 26H,CH,CO,), 27.7 (C2),
31.0 (C12), 31.3 (C7) 31.4 (C§, 33.7 CH,CO,), 33.9 (ACH,), 35.8 (C16), 36.7 (C10),
36.9 (C1), 38.0 (C4),41.4 (2 €H,Cl), 47.4 (C13), 50.0 (C9), 51.6 (C14), 55.9 (2 X
CH,CH.CI), 73.8 (C3), 121.9 (C6), 124.8Hl, ortho to N(CH,CH.CI),], 126.7 CH, ortho to
NO,), 133.3 CH, para to NO,), 138.5 C-CH,), 139.8 (C5),140.5G-NO,), 146.3 C-N),

172.4 (OC=0), 221.0 (C=0); m/z (El) 62(ossible reversed assignment.
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6.1.7. (3B)-3-Hydroxypregn-5-ene-20-one, 4-{4-[di(2-chlor oethyl)amino] phenyl}
butyrate (C3)

The fnal step involved the removal of ethyl acetate under reduced pressuifertb af oil
which was chromatographed on a column of silica gel with ethyl adeghtegetroleum (1:3) as
eluent to give the ester as an-afite oil (1.18 g, 60%).(Found: C, 69.36; H, 8.20; N, 2.33; ClI,
11.58%. GsHaoClo,NOj3 requires C, 69.75; H, 8.19; N, 2.32; Cl, 11.76%):(CHCL)/cm*
1730cnt (O-C=0) and 1704cih (CHs-C=0); 84 (300 MHz; CDC) 0.63 (3H, s, €3, on
C18), 1.01 (3H, s, Bs, on C19), 2.13 (3H, s,K, on C21), 2.28 (1H, m, &, on C8), 2.30 (2H,

t, CH,CH,CO,), 2.50 (1H, m, ©, on C17), 2.54 (2H, t, Ar8,), 3.663.72 (8H, m, 2 x €.Cl
and 2 x G,CH.CI), 4.60 (1H, m, @&, on C3), 5.37 (1H, d, Ig, on C6), 6.64 [2H, dortho to
N(CH,CH.CI);], 7.07 [2H, d,meta to N(CH,CHCl),]; 3¢ (CDCl) 13.2 (C18), 19.3 (C19),
21.2 (C11), 22.8 (C16), 24.5 (C15), 26QHCH,CO;,), 27.7 (C2), 31.5 (C7) 31.7 (C21),
31.8 (C8), 33.8 CH,CO,), 34.0 (ACH,), 36.6 (C10), 36.9 (C1), 38.0 (C4), 38.6 (C12),
40.3 (2 xCH.CI), 43.9 (C13), 49.8 (C9), 53.7 (X2H,CH,CI), 56.7 (C14), 63.6 (C17), 73.6
(C3), 112.4 [2 XCH, ortho to N(CH.CH.CI);], 122.2 (C6), 129.7 [2 xCH, meta to
N(CH,CH,CI);], 131 C-CH,), 139.6 (C5), 143.9G0:N), 172.9 (BC=0), 209.6 (CHC=0);

m/z (El) 603. possible reversed assignment.

6.1.8. (3B)-3-Hydroxypregn-5-ene-20-one,4-{4-[di(2-chlor oethyl)amino]-3-nitr o-
phenyl}butyrate (C4)

After the removal of the ethyl acetate under reduced pressure, the resuiltivgas
chromatographed ona@lumn of silica gel using ethyl acetdight petroleum (1:3) as eluent to
afford the ester as a light orange oil (780 mg, 66%). (Found: C, 64.55; H, 7.3aG32\,Cl,

10.86%. GsHasCloN,Os requires C, 64.90; H, 7.47; N, 4.32; Cl, 10.94%):x»\CHCL)/cm™
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1730cmt(O-C=0) and 1703cih(CHz-C=0); &4 (300 MHz; CDC4) 0.63 (3H, s, El3, on C18),
1.01 (3H, s, €3, on C19), 2.13 (3H, s,H;, on C21), 2.28 (1H, m, KL on C8), 2.30 (2H, t,
CH,CH,CO,), 2.50 (1H, m, €, on C17), 2.61 (2H, t, Arg,), 3.393.50 (8H, m, 2 X &,Cl

and 2 x G1,CH,CI), 4.60 (1H, m, @&, on C3), 5.35 (1H, d, i€ on C6), 7.30 [1H, d, B,
ortho to N(CH,CH.CI);], 7.35 [1H, dd, &, metato N(CH,CH.CI),], 7.54 (1H, d, @&, ortho to
NO,, CsHsNO,); ¢ (CDCly) 13.2 (C18), 19.3 (C19), 20.9 (C11), 22.8 (C16), 24,4 (C15),
26.1 (CH,CH,CO,), 27.7 (C2), 315 (C7), 31.7 (C21), 31.8 (C), 3CHLCO,),
34.0(ArCH,), 36.6 (C10), 36.9 (C), 38.0 (C4), 38.(C12), 41.5 (@HkCI), 43.9 (C13),
49.8(C9), 55.9 (2 XCH,CH,CI), 56.7 (C14),63.6 (C17), 73.9 (C3), 122.4 (C6), 122H,
ortho to N(GCH.Cl),], 126.7 CH, ortho NO;), 133.3 CH, para to NO,), 139.5 (C5),

140.C-NO,), 146.3 C-N), 172.4 (GC=0), 209.6 (CH-C=0); m/z (EI) 648.

6.2. Alkylating activity [29, 43-44]

The alkyating activity of each compound was determined at concentrations ranmim@ fimM

to 1.0 mM, dissolved in 50% (v/v) acetone/ethanol solution. The compounds (0.2 ml) were
added separately to screwed capped test tubes containing 1ml of 0.2M acetat@HUN®).

Each tube was treated with 0.5 ml of 5% (w/v) solupamtrobenzyl pyridine in acetone and the
mixture was incubated for 4 hours a7 Each tube was then treated with 3.0 ml of 25% (v/v)
3-aminal-propanol in tertiary butyl alcohol and tlweloration of the reaction product was
measured using a visible spectrophotometer at 560 nm. The alkylatingyaofivibe five

compounds were compared with that of an equimolar chlorambucil solution.
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6.2.1. Log P values

The six compounds of known vgtit (10 mg) were added separately to 50 ml volumetric flasks
and dissolved in+octanol and then made up to the m&f][ A portion (4 ml) of each of the
solutions were transferred separately to screwed capped centrifuge tubes and eol@geabf
waterwas added to each tube. The tubes were capped and shaken on a rotator for one hour
20 C, after which time they were centrifuged for ten minutes at 4000 rpm anebttianol layer

was carefully separated from the water layer. Portions of the origohdlosis were diluted to
obtain a concentration of 0.8 mg%. The shaken solutions were also diluted in a sinifeT m

and comparisons were made using UV spectroscopy betweefA0R00m. The logP values

were then calculated according to Ld8]

6.2.2. In Vitro Cytotoxicity Assay [46]

The standard assay for cytotoxicity employed a 96 well format usind @@ cells per well in
10Qul. Each drug dose was represented by three wells. Media ()0fbntaining doubling
dilutions of 2 x drug was added taplicate sets. Control wells received 100of media alone.

The plates were then incubated in a humidified atmosphere for five day§Gatv@’r?h 5%
carbon dioxide. After incubation 5@ of MTT (3-(4,5dimethylthiazoi2-yl)-2,5-diphenyl
tetrazolium brorde) (3 mg/ml) was added to each well and the plate returned to the incubator
for three hours. The process is known as metabolic reduction and requires an active
mitochondrial function to reduce the salt. The media and excess MTT was theteddpina

each well and the formazan crystals solubilized in gDBf DMSO. The plates were then read
using a multiscan microplate reader (Titretech) at 540 nm with subtraction at 620atowtfor

turbidity. The resultant output was processed using an exceldspesd. The percentage of
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growth inhibition absorbance of the drug treated wells/mean absorbance of the corjrol wel

x100 and the 1€ (concentration of compound required to inhibit 50% growth) were calculated.

6.2.3. General procedure used to determine the hydrolysis of the esters using Porcine
Liver
Esterase[47]

Thestock solution of the ester was prepatgddissolving thesster (50 mg)n absolute

ethanol(10 ml) andtransfering it to a 25 ml volumetric flasknd m&ing upto the mak with
absolute ethanolThe phosphate buffer as prepared by dissolving sodium chloride €2,
potassium dihydrogen phosphate (50 mg), disodium hydrogen phosphate (250 mg) anc
potassium chloride (50 mg) in distilled deionised water and making up to Ghenl2®ark in a
volumetric flagk (pH 7.4). After incubating thesteraseenzyme (20ul) in buffer 2 ml) for
approximately 15 minutes at X7, the ester200 ul) was added. The zero reaction involved
incubating the ester in buffer at°&7for 15 minutes prior to being analysed by HPLC. A sample
of the reaction mixture2Q0 ul) was then removed and transferred to microfuge tubes at set time
intervals and treated with acetonitril20Q ul). The mixture was then vortexed for 30 seconds
and then centrifuged fdrO minutes at 13,000 RPM. A portion of the superna0 il) was
transferred to amicrofuge tube and mobile phas20Q ul) was added and mixed. A standard
solution of the ester was prepared by transferring 5 ml of the stock solutiorb@nd
volumetic flask, making upto the mark with the mobile phase, and then transf@mmhgf this
solution to a 25 ml volumetric flask and making upto the mark with mobile @maké&nally, 5

ml of this solution was transferred to a 10 ml volumetric flask and mypitethe mark to afford

a final concentration of the standard solution of 1.20m@uth the standard and sample
solutions wereanalyed using a validated HPLC method (unpublisiiedg, derived from a

modified version of a published methf4B]. The estes were also stored in phosphate buffer
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saline at 37C and monitored for their stability over a period of forty five daybe

chromatographic conditions : RPPLC , the mobile phase consisted of acetic acid (50 ml of a
2% solution) made upto a litre withcetonitrile, pH 5.2 and the flow rate was set & 1.
ml/minute. AC18 Symmetry Waters column (250 mm x 4.6 ID) fitted with a guard column (3

cm x 4.6 mm ID) was used and the wavelength was set at 254 nm.

6.2.4. General procedure used to determine the hydrolysis of the estersusing human

plasma

The stock solution of the ester was prepared by dissolvingdter (50mg)n absolute ethanol
(10 ml) andtransfering it to a 50 ml volumetric flaslknd making pto the mark with the same
solvent. The ester (50ul) wastransferred to a microfuge tube and treated with mobile phase
(950 ul), mixed using a vortexnixer and 500ul of the solution was transferred &mother
microfuge tubeand made upto 1 ml with mobile phase and vortexed. Finally,ub@d this
solution was transferred to a another microfuge tube, made upto 1 ml with molsiée ich
mixed in the usual manner, to afford 25mg%concentration of standard solution

Freshly prepared plasma (8p0 was transferred to a test tube, treated with phosphater buf
saline (10Qul) and stock solution of the ester (8l), sealed with parafilm, vortexed for

2 minutes and then placed into an incubator s87&@. The incubated sample would be treated
in the following manner prior to analysis. 5QDof the mixturewas transferred to a microfuge
tube and treated with 5Q0 of mobile phase, mixed for 2 minutes using a vortex mixer and the
resulting precipitate was removed by centrifugation at 13000 RPM for 20 minutesl &0the
supernatant was removed and tramsfit to a microfuge tube and made uptal with mobile

phase. The content of the tube was then centrifuged at 13000 RPM for a further 10. minutes
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A comparison between the peak areas of the standard and the preparedsarefleen carried

out by HPLC in order to estimate the percent of ester hysholwith time.
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Figure 1. Structures of Prasteroa@dPregnenolone

HO HO

Prasterone Pregnenolone
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N(CH,CH,Cl), N(CH,CH,CI),

0] NO,
_—
CO,H CO,H
Chlorambucil (C5) 3-nitrochlorambucil (C6)
(i) (iii)
N(CH,CH,CI), O N(CHZCHZCI)Z
O
Chlorambucil ester of prasterone (C1) 3-nitrochlorambucil ester of prasterone (C2)

il\gzijz:)z : { i,\écf:_:c)‘z : {

Chlorambucil ester of pregnenolone (C3) 3-n|trochlorambucn ester of pregnenolone (C4

Scheme 1. Synthesis of C1-C4 and C6. Reagents and conditions:

(i) NO,BF,/ CHiCN (1.2 equiv.) at @ under argon.

(ii) Chlorambucil/CHCI,/ DCC / DMAP in the presence of prasterone or pregnenolon:
room temperature.

(iii) 3-nitrochlorambucil /CKCI,/ DCC / DMAP in the presence of prasterone or
pregnenolone at room temperature.

Table 1. Steroid esters of-f4-[di(2-chloroethyl)amino]phenyl}butanoic acid
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(Chlorambucil).

Cl R
\_\NO (CH)3—CO,R,
CI/_/

Compound R1 R Formula
C1 Prasterone H Cs3H4sCIoNO3
C2 Prasterone NO, C33H44CIoN205
C3 Pregnenolone H Cs35H49CIoNO3
C4 Pregnenolone NO, C35H48CIoN20s
C5 H H C14H14CI,NO,
C6 H NO, C14H18CI,N,04

C1 is chlorambucil ester of prasterone. C2 is 3nitrochlorambucil ester of prasterone.
C3 is chlorambucil ester of pregnenolone. C4mt®chlorambucil ester of pregnenolone.
C5 is chlorambucil. C6 is 3nitrochlorambucil
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Table2. Log P partition coefficient, anigh-vitro alkylating activity of chlorambucil and

Compound

C1

C2

C3

C4

C5

C6

C1lis chlorambucil ester of prasterone.

chlorambucil derivatives

Deter mined

partition coefficient®

>8.00

>8.00

>8.00

>8.00

3.80 +0.30

3.70 £ 0.35

Estimated

partition coefficient”

8.64+ 0.44
8.57+ 0.46
9.25+0.41
9.18+ 0.42
3.70+£ 0.35

3.63+ 0.37

Alkylating activity

(% of chlorambucil)®

70

18

100

38

C2ngrdchlorambucil ester of prasterone.
C3 is chlorambucil ester of pregnenoloneC4 is 3nitrochlorambucil ester of pregnenolone.
C5 is chlorambucil.

CB-ratrochlorambucil

®Determined values using the mettaekcribed by Lef45]

PEstimated values obtained from a ACD/LogP software package.

‘Measuredn-vitro at 37°C at concentrations ranging between &l 1.0mM. Chlorambucil
is assigned 100% alkylation.
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Table 3. Shows the I values 6r chloranbucil andthe chlorambucil derivatives on

eight human cellines

Cédl line Widr Daoy MDAA468 MDA NQO:| MCF7 H460 OVCA-3 A375
[Cso uM

>100 19.61 5.48 11.83 72.5 11.85 82.50 61.42
C1 (£6.9) (£5.6) (x1.49) (x2.0) (x1.5) (x1.2) (£8.9)

>100 >100 7.25 10.60 >100 >100 >100 >100
Cc2 (£3.1) (x5.7)

86.30 41.90 10.26 20.53 90 36.16 88.80 74.21
C3 (2.0 (x1.3) (£6.7) (x2.2) (x1.5) (x1.49) (£3.7) (x7.2)

>100 >100 19.34 32.56 68.3 >100 >100 >100
C4 (£3.4) (x4.3) (x2.5)

7.13 1.36 0.65 0.79 4.5 2.19 8.92 2.58
C5 (£5.1) (x1.5) (3.0 (x2.9) (x1.3) (£ 6.6) (x2.7) (£6.2)

13.04 5.30 1.16 3.75 23 9.53 15.56 9.46
C6 (£3.9) (£3.7) (£6.3) (x4.0) (£3.1) (x1.2) (x2.2) (x7.2)

All values are given imM, however, the Maes shown in brackets are the standard deviations
for the% growth inhibition.

C1is chlorambucil ester of prasterone.C2 is 3nitrochlorambucil ester of prasterone.

C3 is chlorambucil ester of pregnenolo@d. is 3nitrochlorambucil ester of pregnelone.
C5 is chlorambucil. C6 is 3nitrochlorambucil
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