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ABSTRACT

Conjugation of an anthracycline to a triplex-forming
oligonucleotide (TFO) allows delivery of this drug to a
specific DNA site, preserving the intercalation
geometry of this class of anticancer agents. Conjugate
11, in which the TFO is linked via a hexamethylene
bridge to the O-4 on the D ring of the anthraquinone
moiety, affords the most stable triple helix, through
intercalation of the planar chromophore between DNA
bases and binding of both the TFO and the amino
sugar to the major and the minor groove respectively.

hexamethylene linker, were found to intercalate at the triplex—
duplex junction@,7). Besides, if the appended ligand is capable of
reacting with or promoting reactions at the binding site, coupling
to an appropriate oligonucleotide allows the DNA-damaging
activity to the targeted gene to be directed and limiettly.
Anthracyclines, widely used and very effective anticancer
agents 12), are well-characterized DNA intercalators, showing
binding constants in the &aL0°/M range (.3). Crystallographic
structures have been reported for daunorubicin (Bigand
several other anthracyclines bound to oligodeoxynucleotides
(14-16). In all cases, the aglycone moiety was found to intercalate
with the long axis nearly perpendicular to the long axis of the

adjacent base pairs; ring D protrudes into the major groove, while
INTRODUCTION the hydroxyl group on ring A is anchored by two direct hydrogen

Synthetic oligonucleotides can be used to specifically inhibit tfePnds to the DNA within the minor groove, which is also the
expression of a gene through association with mRNA (th@inding site of the sugar. _
antisense approach) or DNA (the antigene approach). In thesince a TFO binds to the major groove of DNA, we reasoned

former case, the oligonucleotide binds to a Watson—Cridkat its best attachment site on an anthracycline molecule should
complementary segment of the nucleic acid and interferes, f§§ 1ing D, if the purpose is to maintain, as much as possible, the
several ways, with synthesis of the corresponding pratei ( binding features of the drug which underlie its high affinity for
Binding of an oligonucleotide (ODN) to double-stranded DNADNA. In addition, this conjugation strategy would allow the
may occur only at homopurine:homopyrimidine regions anf€livery of an ‘almost intact’ molecule of an anthracycline
leads to formation of a local triple helix (triplex). The ODN andntibiotic to a specific gene. To test the validity of the foregoing
the duplex are held together by Hoogsteen or reverse Hoogst&¥Rothesis, we prepared four different conjugates by attaching

hydrogen bonds between the polypurine strand of the target df§ 3-end of a homopyrimidine dodecamer, via a hexamethylene
the synthetic oligomer, which lies in the major groove. When tHridge, to different sites of daunorubicin and of the corresponding

triplex-forming oligonucleotide (TFO) has a homopyrimidineagWCO“e and compared their affinity for the DNA target with that
sequence, its orientation must be parallel to the purine strand®fthe underivatized oligonucleotide by UV and fluorescence
the target DNA and cytosine protonation is required to form thgP€ctroscopy.

isomorphous base triple®-G:C andT-A:T (3). The presence

of the triple helical structure can affect replication and transcriptidRESULTS

of the gene by various mechanisi)s The association of the third Svnthesis
strand with the duplex is much weaker than that which occury’

between single strands in the antisense methodology and, in orBéferent strategies have been developed for the design and
to form stable triplexes at physiological temperature, it is quitgynthesis of oligonucleotides covalently attached to intercalating
common to link intercalating agents to one or both end(s) of tmolecules 7). In this work the conjugates were obtained upon
synthetic oligonucleotide through a spacer @rib). Acridineand reaction of anw-halogenohexamethylene derivative of the
psoralen, attached to thé&t&rminus of a TFO via a penta- or anthracycline with the deprotected oligonucleotide carrying a
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Scheme 1Synthesis of iodoalkyl derivatives of daunorubicin. Reaction conditions: (a)y§dtAg-20; (b) TMSOTf/CHCI/EtO; (c) 0.5 M KCOs/MeOH,;
(d) Pd(PPB)4/2-methylbutyric acid; (ep-nitrophenyl-6-bromohexanoatéfethyldiisopropylamine. The numbering system used is indicated.
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Scheme 2Synthesis of oligodeoxynucleotide conjugates.

5'-thiophosphate group. The reaction sequence used for thaitrophenyl-6-bromohexanoate in the presence of a tertiary

preparation of halogenoalkyl derivativ& 4, 6 and 7 is amine. The conjugate8-12 were obtained (Scheme 2) by

summarized in Scheme 1. reaction of the sodium salt dfthiophosphate-dodecanucleotide
Carminomycinone?) (18) was treated with a large excess of8 with 10 equivalents of the halogenoalky! derivat®ek 6 and

1,6-diiodohexane in refluxing chloroform in the presence of in DMF/H,O and in the presence of 15-crown#g the yields,

silver oxide (9). The alkylation reaction was sluggish andafter HPLC purification, were30%.

accompanied by partial aromatisation of ring A. Column

chromatography of the crude reaction mixture afforded, iBinding experiments

comparable yield, compound® and 4, identified by mass

spectroscopy andH- and 13C-NMR. Glycosidation of com-

pound3 was easily achieved upon reaction with the daunosam

derivative5 (20) in the presence of trimethylsilyl triflat@1);

after a two-step deprotectio2(j, the purified daunorubicin

.UV thermal denaturaturatiohe affinities of the conjugates and
BdecamerL3 for the DNA targetl4 were evaluated by UV
melting experiments.

derivative6 was obtained in 30% overall yield. Under the same 13f , S-TITCTTCTTCTT -3° ,
glycosidation conditions, compoudddid not react wittb, in 14:5 ,'AGG AGC AAA GAA GAA GAA CTT T-3 .
agreement with the structure assignet] which carries the long 3-TCCTCG TTTCTTCTT CTT GAAA-5

side chain in a peri position to the reaction centreSince the triplex-forming sequend8 contains cytidines, its
w-Bromohexanoyl derivatived was prepared, according to a binding strength is pH dependeg}, (hence, the thermodynamic
published proceduré 7), by allowing daunorubicin to react with stabilities of the triple helical complexes were monitored at pH 5.5,



Nucleic Acids Research, 1997, Vol. 25, No. 12123

Table 1.Melting temperature values € of triple helices at different pH

values
compound TnatpH5.5 | TpatpH 6.5 | T at pH 6.8
(ATw) (ATw)
TTTCTTCTTCTT (ODN)
13 41 23 13
o  OH o
LI I o >53 43 31
MO o Ow (+20) (+18)
10 el —SP-ODN
Figure 1. Daunorubicin. o oH 5
"OH
1.00 9 O‘Q ~51 35 27
© O OH OH +12) (+14)
(CHo)s—SP—ODN
O OH o]
oo b —6— 14 alone " "“OH
’ 0O O OH j
.~ e B >55 ~45 36
8 I ODN-PS w’m +22) +23)
:(\( —o— 9«14 oﬁmz
L o OH o
0.80 —— 11{+14
eoroeet i QI
po-8s OMeO OH § ~45 25 16
77 (42) “3)
P e J A VI S S SN O AVEN S AP N W 12 OHNHGO(CH2)5—SP‘ODN
10 20 30 40 50 60 70 80
T(C) Values were obtained from the position of the maximum of the first derivative

of the corresponding melting profileAT, is the difference between the melting
temperature of the conjugate and that®at the same pH. In all cases the

Figure 2. Melting profiles at pH 5.5 of dupledd and of the triplexes formed melting temperature of the duplex was found to b&365
with 13, 9and11(2.3uM/strand) in a buffer containing 0.1 M NaOAc, 0.05 M
NaCl, 0.01 M MgGJ.

recorded after raising the pH of the triplex solution to 8.2 was

6.5 and 6.8. The denaturation process was followed by recordifgnParable with that of the conjugate under the same experimental
the change in UV absorbance with temperature at 260 nm. &gnditions in the absence of the DNA duplex. The results
shown in Figure, at the most acidic pH the melting curves failegPPt@ined with conjugatel are shown in Figurd, in which the

to show a clear biphasic profile. Formation of the triple helicaiP€ctrum of the same solution recorded at pH 5.5 (triple helix), at
complexes was therefore probed by gel electrophoresis@t 15PH 8-2 (double helix + free conjugate) and 1 min after again
(not shown). On the other hand, well-defined biphasic profild§ering the pH to 5.5 are presented. The spectrum recorded after
were obtained at pH 6.8. The corresponding triple to double heﬁﬁandmg at 2% for LBO min was practically identical to that of
transitions are shown in Figuse the starting triple helix.

The T, values reported in Table show that the thermal _Fluorescence spectroscopy was also used to prove that the
stability of the triple helix is enhanced when a daunorubiciﬁ!nd'”g site recognition properties of the conjugates, which are
derivative is attached at theé-@hd of oligonucleotide13.  Pifunctional DNA ligands, are exclusively dictated by the
However, the contribution of the appended ligand depends, quiigonucleotide component. Daunorubicin binds very strongly to
strongly, on both its chemical structure and the attachment siteqfuble helical oligonucleotides containing t(h€&T sequence
the bridge unit. This effect is particularly important at pH 6.8(24). In fact, when a micromolar solution of the drug was titrated

where the contribution of the oligonucleotide moiety to thaVith increasing amounts of d(CGTACGTAGG)he initial
binding strength is greatly reduced. luorescence was almost completely quenched after addition of

1 M equivalent of the duplex (Figg). When this latter was added
Fluorescence quenchingi. is known that the fluorescence of to a solution of conjugat&l, the starting spectrum remained
anthracyclines is quenched by intercalation within the DNA basgchanged (Figpb).
pairs £2,23). The fluorescence emission spectra (520—700 nm)
at 25°C of the triple helical complexes were first recorded at pih;scuyssion
5.5 and compared with those obtained after increasing the pH of
the solutions to 8.2, a condition which is not compatible with thAs expected, the attachment of an anthracycline derivative to
existence of the type of triplex in hand. In all cases, the intensitiye 3-end of dodecamelr3led to an increase in the affinity
of the spectrum at pH 8.2 was much higher than that obtainedddit the ODN-anthracycline conjugate for the homopurine—
pH 5.5, while that of the conjugates alone was practically tHeomopyrimidine dplex in comparison with the unmodified
same at both pH values. In fact, the intensity of the spectru®DN. For each derivative the half-dissociation temperatures at
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Figure 3.(a) Melting profiles at pH 6.8 of the triplex formed by dupldxvith underivatized ODN3and conjugate®-12 Each strand is 2{8V in a buffer containing
0.1 M NaOAc, 0.05 M NacCl, 0.01 M Mggl(b) Magnification of the triplex to duplex transition.

160 temperature are comparable with those reported for acridine-
linked oligonucleotide, whose length and base composition are
similar to those of sequenta8 (5). However, a further increase
in stability ATy, = 9°C) was obtained if the amino sugar moiety
was attached to the intercalating chromophore. Comparison of
the melting temperatures of the complexes formed by unmodified
13 and conjugate8 and 11 indicates that the gain in stability
following attachment of the oligonucleotide to position 4 of
daunorubicin was due, by about one third, to the daunosamine
portion of the appended molecule. Thispinds to DNA by
intercalation and simultaneous recognition of the major and the
minor groove When the oligonucleotide was connected to the
amino group of the sugar (derivatit@), the increase in the
melting temperature was almost negligible. Since the amino

wavelength (nm) group of the drug is protonated even at neutral pH, its

derivatization was expecte®®5) to reduce the affinity of
e 4 Fl 2 86250 the solution (0.1 M NaOAG, 0.05 M conjugatel2 in comparison witli1, but the experimental results
Igure 4. Fluorescence spectra al e solution (0. al C, O. i i i
R o Soeksed o () oo 12 0 SOTTeton of e aohcone ety was aimos
at @) pH 5.5, b) pH 8.2 andd) again at pH 5.5 1 min after acidification. : g :
overall structure of conjugafe?, which, because of mandatory

pH 6.5 and 6.8 show that the gain in thermal stability i§inding of the oligonucleotide in the major groove, forces the
independent of pH (see Talileand the fluorescence quenchingdaunorubicin moiety to reverse its natural intercalation geometry
experiments at pH 5.5 demonstrate that, with all conjugates, t&€€ Introduction). As a matter of fact, a recent study on the
daunorubicin chromophore is intercalated within the bases of tRéding of free anthracycline derivatives to DNA showed that
triple helical complexes. However, as expected, the contributid®th the substituent(s) on ring A and the sugar moiety make a
of the appended ligand depended upon its chemical nature andlg@fge contribution to the affinity upon binding to the minor groove
site of attachment of the linker unit. Anthracyclines are composé@dd that alteration of the stereochemistry of the daunosamine
of two main structural constituents: the aglycone, which contaitigsidue has a high energetic cas$)( Moreover, while it is

the intercalating anthraquinone moiety, and the amino sugar. Tig&sonable to assume that intercalation takes place at the
Tm values of the triple helices formed by conjug®esd10  triplex—duplex junction with compounds-11, by analogy with
show that the aglycone tethered at therl of the oligo- acridine and psoralen conjugates featuring penta- or
nucleotide strongly enhanced the affinity for the target duplex atéxamethylene linker6(7), intercalation of the anthraquinone
that the gain in stability depended upon the site of attachmentasfromophore of conjugate2 may possibly occur at different

the linker. The observed increases in the half-dissociati®ites, because of the larger distance between the binding regions
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5 DNA by reactive species deriving from the morpholinyl groups
(28). The third is based on the hypothesis that the anthraquinone
system promotes formation of hydroxyl radicals that, in turn,
cause DNA strand scissior29). While the topoisomerase-
mediated activity of the drug will most likely be abolished by the
presence of a triple helix next to the intercalation Sit§ the

other two mechanisms should not be substantially altered when,
as in conjugatél, the drug is attached to the oligonucleotide in

a way that leaves its chemical features and its intercalation
geometry almost unchanged.

intensity (cps) in thousands

MATERIALS AND METHODS

520 540 560 580 600 620 640 660 680 700 General methods

wavelength (nm)

All chemicals were of analytical grade and were used as received,
unless otherwise stated. Carminomycin®)ead 1,4-diO-p-

500 nitrobenzoylN-allyloxycarbonyl-L-daunosamin&)(were a gift

from F.Animati, A.Cipollone M.Berettoni and M.Franciotti
(Menarini Ricerche).N-(6-Bromohexanoyl)-daunorubicin7)(

“or b was prepared according to the literatr@.(The compound gave
a satisfactorytH-NMR spectrum. Solvents used for reactions
00 |- were purified by distillation and stored over molecular sieves.

The oligodeoxynucleotides were prepared on a Pharmacia Gene
Assembler [I-Plus using the manufacturer's protocols with
commercially available amidites, but 0.75 M ethylthiotetrazole in
CHsCN, instead of 0.5 M 1-H-tetrazole, was used during the

intensity (cps) in thousands

100 1 whole synthesis3@). TLC analysis was conducted on Merck
5719 silica gel (230-400 mesh) plates and flash chromatography
0 . . ! L L L ' ! was performed on Merck 9385 silica gel (230-400 mesh). NMR

520 540 560 580 600 620 640 660 680 700 spectra were recorded with either a Varian VXR 200 or a Varian
Gemini 300 spectrometer, using TMS and 85%P®, as
external standards, as referenceslférand31P respectively.
Mass spectra were recorded on a VG Quattro spectrometer.
Figure 5. (a) Quenching of fluorescence of daunorubici@.3 M) with the Electrophoreses were run using 20% polyacrylamide gels in a
indicated equivalents of d(CGTACGTAGGHt pH 7.0 and 2K in the thermostatic slab gel unit at 10 V/cm. Gel staining was obtained

presence of 0.1 M NaOAc, 0.05 M NaCl, 0.01 M Mg@) Superimposition by soaking the gel with 0.01% stain-all dye in 1/1 (v/v)
of spectra of conjugatél (2.3 uM) with 0, 0.2, 0.4 and 1.0 equivalents of water/formamide

d(CGTACGTACG?) in the same buffer as above at@5

wavelength (hm)

(5). In summary, the experimental results show that the covale'F‘F LC analysis and purifications

attachment of a TFO, via an appropriate linker, to position 4 orl§PLC analysis and purifications were performed on a Waters
of the aglycone moiety of daunorubicin strongly enhances ttgp0E Millipore system control equipped with a Waters 484
affinity for the target duplex. Moreover, itis demonstrated that theinable absorbance detector. We have used the methods listec
daunomycin derivative itself adds a further stabilizing interactiopelow.

when the bridging unit is attached to ring D. In fact, conjugation o

of an anthracycline to a TFO can be viewed as a means to delit4¢thod 1(ionic exchange)}dPLC was run over a TOSOHAAS
these anticancer drugs to a specific target within the genomeSK gel DEAE-5PW column (7.5 mm i.d.15 cm) using the
since, as proved by the fluorescence quenching experimerftdients A (0.02 M NaOAc, 0.02 M NaGj@ HyO/CHzCN, 9/1)
intercalation occursnlywhere the DNA contains the binding site 2nd B (0.02 M NaOAc, 0.3 M NaCljn H,O/CHCN, 9/1). A

for the oligonucleotide. Anthracyclines are amongst the modfear gradient from 100% A to 50% A/50% B over 50 min was
widely used and effective anticancer drugs. Despite over 25 yeaRplied at a flow rate of 1 ml/min.

of inquiry, the mode of action of these cytotoxic molecules is stiflyo a4 2 (reverse phase analysis and purification of conjugates
amatter of debate, but a fair agreement exists as to the |mporta§g§3. HPLC was run over a TOSOHAAS TSK gel OD-2PW
ofintercalation into double helical DNA. Following intercalation, .o mn (4.6 mm idx 15 cm), eluting withA (0.1 M

three main mechanisms of action are currently envisaged. Tﬁﬁethylamrﬁonium acetate inoB p,H 7.2) and B (CQCN) ata
firstis based on the ability of the drug to interfere with the ac“"“%ow rate of 1 mi/minA = 260 nm. The gradient was: 0, A/B,

of topoisomerase II, a nuclear enzyme required for DNAyg/5.+ = o9 A/B 67/33t = 22. A/B, 20/80t = 38, A/B. 20/80:
replication and transcription, ultimately leading to formation of = 45 a/g’ 95/5’I - 50. AIB. 95/5. ' ’ '

a ‘cleavable complex’ and subsequent DNA strand breakage
(26,27). The second mechanism, which has been proposed for tethod 3 (preparative reverse phage).ichrospher RP-18 [im
very potent 3morpholinyl derivatives, entails the alkylation of (25 mm i.d.x 25 cm) column was used. Elution was performed
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isocratically with CHCN/HoOftriflouroacetic acid, 90/10/0.1 at 4.24 (q, 1H-A), 4.56 (s, OH-9), 5.23 (bs, H-7), 7.32 (d, H-3), 7.64
a flow rate of 10 ml/minA = 234 nm. (t, H-2), 7.96 (d, H-1), 13.02 (s, OH-4), 13.74 (s, OH-11).
13C-NMR (300 MHz, CDJ assignation by HETCOR® 7.0

(F), 24.8 (14), 29.7 (C, D), 29.9 (B, E), 33.3 (10), 35.7 (8), 62.2
(7),75.4 (A), 77.0(9), 114.0 (5a, 11a), 117.0 (4a), 118.8 (1), 125.2
UV measurements and melting profiles were recorded on a Perk#), 132.6 (10a, 12a), 136.2 (2), 142.0 (6a), 152 (6), 158.8 (11),
Elmer 554 spectrophotometer equipped with a MGW Lauda RC%2.7 (4), 187.0 (5, 12), 208.0 (13). FAB-MS: found 594
thermostat and a MGW Lauda R40/2 digital thermometefcalculated 594.4).

heating was controlled by an electronic device generating a linear

temperature gradient of 0.6/min. Samples were prepared by 4-Demethyl-40-(6-iodohexyl)-daunorubicine

dissolving equimolar amounts of each strand in 0.1 M NaOA?rydrochloride (6)

0.05 M NacCl, 0.01 M MgGlat pH 5.5, 6.5 and 6.8 (increasing

the pH with NaOH) to a final concentration of @\3/strand. The A sample of 594 mg (1 mmd)and 624 mg (1.18 mmd)were

UV cuvettes were heated to “€D for 20—-30 min then slowly mixed and kept for 1 day under vacuum &t@0To the mixture,
cooled (over at least 2-3 h) td@G to favour annealing. co-evaporated three times under reduced pressure with dry
Condensation of moisture on the cell walls was prevented lyiluene, 6 g 4 A activated molecular sieves were added under

UV melting experiments

flushing with nitrogen. nitrogen, followed by 200 ml GI€1,/Et,O, 3/1. The mixture was
cooled to —8C and 0.436 ml (2.37 mmol) trimethylsilyltriflate
Fluorescence experiments were added. After 5 min the reaction was quenched with 50 ml

2% NaHCQ. The molecular sieves were removed and the
Fluorescence quenching experiments were monitored on a SP&ganic phase was diluted with 100 ml £&Cip, washed with
3000 spectrofluorimeter at room temperature with 1.25 mm slitgater, dried over N&Oy and then evaporatéd vacuo After
and 455 nm and 495 nm filtedgyc = 470 nm; the emission was purification by HPLC (method 3), 570 mg (52%) protected
recorded in the interval 520-700 nm. Interference of water wadycoside were isolated. To 570 mg (0.52 mmol) protected
electronically subtracted from the recorded spectra. Whegtycoside dissolved in 200 ml MeOH/@EI, (77/13) and cooled
possible, the same samples used for the UV measurements werel(C under nitrogen, 4.2 ml (2 mmol) 0.5 M®O; were
used for registering the fluorescence spectra. added and the reaction was followed on TLC (GHRIOH,
95/5). After 1 h the reaction mixture was neutralized with 0.1 M
HCI (the colour of the solution changes from violet to orange), the
organic phase was washed with water, dried witfS5Rg and
evaporated (HPLC vyield 92%).The residue was purified by

Carminomycinone 2) (18) (5.0 g, 13 mmol) was partially HPLC (method 3) to give 309 mg partially deprotected glycosides
dissolved in 650 ml CHgl then 35 g (104 mmol) (yield 58%). PPk (8.1 mg, 0.031 mmol), Pd(PHh (12.8 mg,
1,6-diiodohexane were added together with 6.9 g (29.9 mmd})011 mmol) and 2-methylbutyric acid (860.87 mmol) were
Ag,0. The reaction mixture was stirred under nitrogen at reflugdded to a solution of 309 mg (0.31 mmol) partially deprotected
temperature. Every day 1.6 g (6.9 mmol) freshGhgrere added ~ 9lycoside in anhydrous GBI, (67 ml). The reaction was kept in
until TLC analysis (CHClo/acetone, 96/4 v/v) showed completethe dark under stirring for 3 h, monitored by TLC (CgfkaeOH/
disappearance of Carminomycinone (usua”y 3-5 days)_ T\/\%COOH/HZO, 79/9/2/1) The ree_lctlon lethe was concentrated
major compounds were formed: a yellow oA (R = 0.50), to half volume, then extracted with pOI’tIOI’lS of 10 mf‘m HCI
Corresponding to the product formed upon a|ky|ation of O-6, aridj']tl' a colourless extrac_t was obtalngd. The Commed. aqu_eous
a red oned) (Rs = 0.33), corresponding to that formed uponeXxtracts were wash_ed with AcOEt, adjusted to pH 4.0 with dilute
alkylation of O-4. The reaction mixture was filtered in order tdNaHCQ; and lyophilized to give 185 mg (80%)*H-NMR (300
remove the silver salts, then concentrated to a small volume. TM&lz, CDCh after exchange with JD): 5 1.33 (d, Me-,
reaction products, recovered as a precipitate after addition b—1.7 (m, 2H-C, 2H-D), 1.8-2.0 (m, 2H-B, 2H-E), 2.07, 2.35
hexane, were purified by silica gel column chromatography it2d H-8), 2.39 (s, Me-14), 2.94, 3.19 (2d, H-10), 3.10 (m))H-3
CH,Cl, with an acetone gradient from 0 to 2%. CompoGrmasl 322 (t, 2H-F), 3.46 (s H¥ 4.09 (g, H-9, 4.17 (t, 2H-A), 5.28
4 were isolated in 12% (925 mg) and 15% (1.15 g) yieldds, H-1),5.49 (d, H-7),7.32 (d, H-3), 7.71 (tH-2), 7.97 (d, H-1).
respectively. FAB-MS: found 724 (calculated 723.6).

3.1H-NMR (300 MHz, CDGY): 1.55 (m, 2H-C, 2H-D), 1.95
(m, 2H-B, 2H-E), 2.15, 2.35 (2d, 2H-8), 2.40 (s, Me-14), 9.92pification of unmodified oligonucleotides
3.18 (2d, 2H-10), 3.21 (d, 2H-F), 3.69 (d, OH-7), 4.19 (t 2H-A),
4.51 (s, OH-9), 5.23 (bs, H-7), 7.34 (d, H-3), 7.71 (t, H-2), 7.99he crude compounds obtained from the automatic synthesis
(d, H-1), 13.24 (s, OH-6). 14.09 (s, OH-1B3C-NMR  were deblocked with 30% aqueous ammonia in a sealed vial at
(300 MHz, DMSO-¢): 8.9 (F), 24.2, (14), 28.3, 29.4, 32.0, 32.750°C for 16 h. The mother solutions were lyophilized and the
(C, D, B, E, 10), 35.9 (8), 60.5 (7), 68.9 (A), 76.2 (9), 110.3 (5aligonucleotides were purified by ion exchange on a Pharmacia
11a), 118.6 (1), 120.3 (3), 133.2, 134.2 (10a, 12a), 135.8 (Preparative column of DEAE-Sephacelk(®5 cm) eluting with
154.4, 155.5 (6, 11), 159.9 (4), 186.0, 186.1 (5, 12), 211.3 (13).linear gradient of 0.05-1.2 M triethylammonium hydrogen
FAB-MS: M* found 594 (calculated 594.4) carbonate[(400 ml in total). After HPLC analysis, the appropriate

4.1H-NMR (300 MHz, CDC}): 51.58 (m, 2H-C, 2H-D), 1.91, fractions were collected and lyophilized twice, then converted to
1.89 (m, 2H-B, m,2H-E), 2.16, 2.34 (2d, 2H-8), 2.41 (s, Me-14}he sodium salts by passing them through a column of Dowex
2.96, 3.17 (2d, 2H-10), 3.22 (t, 2H-F), 3.94 (m, 1H-A and OH-7H0W-8 in the sodium form.

4-0-(6-Bromohexyl)-carminomycinone (3) and
6-O-(6-bromohexyl)-carminomycinone (4)
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5-PS-d(TTTCTTCTTCTT) (8) 080

After the usual synthetic procedure, 4 equivalents of
bis-2-cyanoethyN,N-diisopropyl)phosphoramidite38) (0.1 M

in CH3CN) were recycled for 7 min in the reactor in the presence
of ethylthiotetrazole 32) (11 equivalents), then the exhaust
mixture was washed away with acetonitrile and the procedure
was repeated twice moré7j. Sulphurization was performed
with the Beaucage reagent, following the protocol suggested K/
Pharmacia. The modified oligonucleotide was deblocked witf§
30% aqueous ammonia in a sealed vial &€30r 24 h, purified
as the unmodified oligonucleotides, converted to the sodium form
then passed through a column of Chelex to eliminate traces of
divalent metals 17) and lyophilized. The product was
2,6-dibromoparabenzoquinoikehloroimine test positivel().
31P-NMR:8 45.5 p.p.m. (PS linkagedJ), —0.5 p.p.m. (other PO
linkages). HPLC analysis: method 1 (ion exchange): 12aR$5
(8), Rt = 36.3; (other products: 12mérGH (13), R{ = 34.3 min;
12mer 5PO,R¢ = 35.0; dimer PS-SR; = 44.7).

Electronspray MS of the sodium salt: [M-3Na]/3 = 1286,
giving a mol. wt of 3927+ 2 (calculated 3925.16). [In
comparison, analysis of the®GH 12mer {3) and 5-PO 12mer
gave mol. wts of 3782 2 (calculated 3785.16) and 39123
(calculated 3909.10).]
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Figure 6. UV and visible spectrumf doxorubicin (dashed line) and conjugate
11 (full line) in water at 25C.

Conjugates 912

The sodium salt of the'BS-oligonucleotide8 (10 OD,  The authors thank the AIRC for a three year research fellowship
[D.1umol) was dissolved in 128 N,N-dimethylformamide, 50l tg S.B., Menarini s.r.l. and Bristol Meyer Squibb for a one year
water, 13ul 15-crown-5 and 1 mg anthracycline haloderivativeiesearch fellowship to S.z. and Dr M.Hamdan for the recording
3, 4, 6 or7. The reaction mixture was kept in a sealed vial for 16 Bnd interpretation of the mass Spectra of Compoam 13.

in a thermostat at 4& and the reaction was followed by reverserhjs work was partially supported by Progetto Strategico CNR
phase HPLC (method 2). The crude mixture was purified from thg)igonucleotide antisense’.

excess anthracycline using a short cartridge of RP-48 (3n),

then concentrated and purified by reverse phase HPLC

(method 2). The following peaks were assigned in the reactic®EFERENCES

mixture: oligo 5-PS8, Ri=11.6 min; oligo 5PO (formed during 1 Uhimann.E. and Peyman,A. (199Them. Rey90, 543-584.

the conjugation)} = 12.0; dimer PS-SP (partially formed during > Hgiene,C. and Toulme,J.-J. (198)chim. Biophys. Actd 049 99-125.
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