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Analogues of daunorubicin possessing a fluorine atom at position C(8) of ring A have
been synthesized with the aim of comparing their DNA-drug interaction and
antitumour properties with those of the clinically useful anthracyclines doxorubicin
and idarubicin. The synthesis of (85)-8-fluoro-4-demethoxydaunorubicin, 1, is
reported and molecular mechanics and NMR studies which guided towards the
synthesis of the epimeric (8R)-8-fluoro-4-demethoxydaunorubicin, 2, are discussed.
Both compounds were prepared by divergent routes starting from the common
intermediate, 6, obtained via the Diels-Alder cyclisation between quinizarin
diquinone, 3, and 2-(1-hydroxyethyl)-1,3-butadiene, 4. The synthesis of the
(85)-fluoroepimer proceeded via epoxidation of the C(8)-C(9) olefinic bond of 6,
oxidation, oxirane cleavage by BF3 ¢ Et20 to give the fluorohydroxyketone, 9, followed
by the introduction of the hydroxyl moiety at C(7) and glycosylation. Conversely, the
synthesis of the (8R)-fluoroepimer involved the fluorobromination of the C(8)-C(9)
olefinic bond of 6, formation of the C(9)-C(13) epoxide, 20 which, after regioselective
hydrolysis and oxidation of the resulting fluorodiol to the epimeric fluoro-
hydroxyketone, 21, similarly gave the desired fluoroaglycone, 25 and, hence, the
corresponding glycoside, 2. The cytotoxic properties of the two 8-fluoroanthracycline
analogues, 1 and 2, were markedly affected by the stereochemistry of the fluorine
substituent.

The anthracycline glycosides are of the grea-
test importance because of their spectrum of
activity against a variety of haematological ma-
lignancies and of solid tumours in humans.
Clinical effectiveness has been established for
different compounds of the series and doxo-
rubicin, together with related drugs dauno-
rubicin, idarubicin (4-demethoxydaunorubi-

cin) and epirubicin (Fig. 1) are widely applied
in the medical treatment of different tumour
diseases. However, considerable room for im-
provement exists due to the limitation of the
present chemotherapy, due mainly to develop-
ment of resistance in patients that originally
responded to treatment. In addition there exist
limitations deriving from the natural resistance
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Squibb (Italia) and Istituto Mobiliare Italiano (IMI Grant No 53658) is gratefully acknowledged. We thank
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assistance in the biological studies.
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Abbreviations: AIBN, azobisbutyronitrile; DMSO, dimethylsulphoxide; NBS, N-bromosuccinimide; NOE,
nuclear Overhouser effect; TFA, trifluoroacetic acid; TMSOTT, trimethylsilyl triflate; r.t., room temperature.
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Fig. 1. Clinically useful anthracyclines.

of major cancers, including important ones
such as colon carcinomas, most lung cancers,
panci:zatic tumour and malignant melanoma,

The modification and enhancement of the bi-
ological activity of drugs by fluorination repre-
sents one of the most fruitful recent develop-
ments in medicinal chemistry. Electron with-
drawal by fluorine results in a strong polariza-
tion of the C-F bond and the pronounced elec-
tronic effects can have implications for reac-
tions at adjacent centres, that is for drug-target
interactions.

Evidenceisavailable thatcell DN A is themain
biological target of antitumour anthracyclines,
in agreement with the high-affinity constant of
doxorubicin and its clinically useful congeners
for native double-stranded DNA [1, 2]. Differ-
ent X-ray diffraction studies of anthracycline-
DNA complexes are now available. In parti-
cular, the crystal structure of the daunorubicin-
d(CGTACG); intercalation complex (Fig. 2) [3]
shows that the C(9)-OH group of the aglycone
is involved in hydrogen bonding with both the
C(2)-NH; and the N(3) of the adjacent guanine
base. The aminosugar lies in the minor groove
without bonding to the DNA: the C(3")-NH;
and C(4')-OH groups point away from the de-
oxyoligonucleotide and are possibly available
for other interactions. This observation can be
related to the established dependence of bioac-

Fig. 2. The crystal structure of the daunorubicin-d(CGTACG)2 complex solved by X-ray diffraction analysis

{31.

In particular, the structure of the intercalation complex shows that the C(9)-OH group of the aglycone is involved in
hydrogen bonding with both the C(2)-NH2 and the N(3) of an adjacent guanine base. The aminosugar lies in the minor
groove without bonding to the DNA: the C(3')-NHz and C{4')-OH groups are pointing away from the deoxyoligonucle-
otide. (Drawing kindly provided by Dr. G. Ughetto, Consiglio Nazionale delle Ricerche, Montelibretti, Roma).
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tivity on the orientation of the sugar substi-
tuents in the antitumour anthracycline glyco-
side [4]. The preference for the intercalation site
(GC) would be due to the C(9)-OH group be-
cause of hydrogen bonding interactions, and
that for the AT-pair flanking the intercalation
site would be attributed to repulsion between
the daunosamine amino group and a guanine
residue in that position.

Conceivably, the introduction of a fluorine
atom adjacent to the C(9)-OH function may
alter the biorelevance of the hydroxyl group by
affecting the strength and/or specificity of the
hydrogen bond, providing pharmacologically
interesting new compounds. We have therefore
synthesized analogues of daunorubicin pos-
sessing a fluorine atom at position C(8) with the
aim of comparing their DNA-drug interaction
and antitumour properties with those of the
clinically useful anthracyclines.

Ring A, the alicyclic moiety of the tetracyclic
anthracycline chromophore, bears a two-carb-
on-atom side chain and a tertiary hydroxyl,
both characteristic features of most anthracy-
clines. In addition, ring A also contains the site
of sugar attachment (the benzylic carbon at
C(7)), and therefore both asymmetric centres of
the aglycone moiety of the antitumour glyco-
sides. Moreover, derivatives modified at C(8),
which is the position closest to both C(9) and
C(7), and which invariably corresponds to a
CHj; group in all classical anthracyclines, are of
interest for two reasons. First, this position ap-
pears with a methoxy group in the related biol-
ogically active, mold metabolite, steffimycin
[5]. Second, the main metabolic reaction inacti-
vating the antitumour anthracyclines in vivo is
an enzymatically catalyzed reductive deglyco-

sylation leading to the corresponding C(7)-de-
oxyaglycones [6], apparently devoid of anti-
tumour properties. The presence of substi-
tuents at the nearby C(8) position would poss-
ibly affect the affinity of the substrate for the
enzyme responsible for the transformation and
therefore enhance the selectivity of action of the
drugs.

In this paper we present the synthesis of (85)-
8-fluoro-4-demethoxydaunorubicin (1) and
discuss how the biological properties shown by
this compound, compared to those of doxo-
rubicin and idarubicin, suggested further
molecular mechanics and NMR studies that
guided towards the synthesis of its epimer
(8R)-8-fluoro-4-demethoxydaunorubicin (2).
The aglycones of the two glycosides differ by
having a frans and a cis 8,9-fluorohydrin sys-
tem, respectively. The new stereogenic centre
generated in the aglycone results in a synthetic
challenge for the correct construction of the
three aligned stereogenic centres C(7), C(8) and
C(9). A preliminary account of the synthesis of
the N-trifluoroacetyl derivative of 1, based on
a different synthetic methodology, has already
been reported by one of us [7].

o] OH 0
3
x I\t:l]’l
o i R

OH é

NH;
OH
1: R=F, R;=H

2: R=H, R =F

The assemblage and the correct functionalisa-
tion of the naphthacenequinone ring system to

Scheme 1. Assemblage and
functionalisation of the
naphthacenequinone ring
7 system [8].
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be subjected to the introduction of the fluorine
atom at C(8) was accomplished by resorting to
a Diels-Alder based synthetic methodology de-
veloped for synthesis of racemic 4-demethoxy-
daunomycinone (idarubicinone) (Scheme 1).
Thus, as previously reported by one of us [8],
quinizarin diquinone (3) was treated with an
equimolecular amount of 2-(1-hydroxyethyl)-
1,3-butadiene (4) to yield the adduct 5, which
was tautomerized to the red anthraquinone
derivative 6, from which the oxirane 7, as a
mixture of diastereoisomers, was obtained.

RESULTS AND DISCUSSION

Synthesis of racemic (7R¥, 85*, 9R*)-8-fluoro-4-
demethoxydaunomycinone (11)

The preparation of trans fluorohydrins by ring
opening of oxiranes is one of the most common
and most selective reactions for introducing a
fluorine atom into biologically relevant mole-
cules [9, 10]. Therefore, the epoxyketone 8
(Scheme 2), obtained from 7 by the Moffat oxi-
dation, was considered a convenient precursor
for the synthesis of the racemic (7R*, 85*, 9R*)-
8-fluoroaglycone 11. Various fluorinating rea-
gents exist with the capacity to add selectively
to epoxides, including Olah’s reagent (HF o py-
ridine) [11], which was previously used on the
6,11-dimethoxy derivative of 8 in the reported
synthesis of 11 [7], and boron trifluoride eth-

7

r.t., 65%

DMSO, Ac,0, Py, TFA,

erate [12]. Most satisfactorily, the adduct 8
underwent diaxal cleavage of the epoxide ring
upon treatment with neat BF3 ¢ Et;O at room
temperature to afford the expected trans 8,9-flu-
orohydrin 9. In accord with previous experi-
ence [7] indicating that the classical bromina-
tion procedure at benzylic C(7), an intermedi-
ate step for the introduction of the hydroxyl
group, reported for the non-fluorinated com-
pounds [13], lacked regioselectivity as a pos-
sible consequence of the deactivation of the
benzylic position by the adjacent fluorine sub-
stituent, the introduction of bromine onto the
ketal derivative of 9 was performed with poly-
mer-supported pyridinium hydrobromide per-
bromide [14] in the presence of azobisisobuty-
ronitrile (AIBN) as a radical initiator, to yield
the bromide 10 as a mixture of epimers at C(7).
This mixture was hydrolysed with aqueous tri-
fluoroacetic acid at reflux and equilibrated with
refluxing anhydrous trifluoroacetic acid to give
racemic (7R*, 85*, 9R*)-8-fluoro-4-demethoxy-
daunomycinone 11 almost quantitatively [lH
NMR (CDCl3) dp: 2.50 (3H, s, CH3-14), 3.20
(2H, AB system, CH,-10), 3.75 (1H, d, OH-7),
4.60 (1H, s, OH-9), 4.82 (1H, dd, H-8), 5.20 (1H,
m, H-7), 7.82 (2H, m, H-2, 3), 8.28 (2H, m, H-1,
4),13.28 (1H, s, phenolic proton), 13.60 (1H, s,
phenolic proton)]. The relative orientation of
the fluorine atom with respect to the hydroxyl
groups at C(7) and C(9) was determined using
Nuclear Overhouser Effect (NOE) experi-

O OH 0 0 OH 0
BF,.Et;O, rt '
QO o ~— QO
80% Y
O OH F 0 OH
9 8

1) Ethylene glycol, PTSA, CgHg, 120°C

30%

2) B -Pv HEBry, AIBN, GG, 110°C

1) TFA, HoQ. reflux
2) TFA, reflux

11

o OH 0
QI Yoo
90% H F
0 OH &

Scheme 2. Synthesis of racemic (7R*,
85", 9R*)-8-fluoro-4-demethoxydau-
nomycinone (11).



Vol. 42

Synthesis of novel 8-fluoroanthracyclines 437

ments. Irradiation of H-8 resulted in an en-
hancement of the signals for OH-7 and OH-9,
indicating that all three of these protons are on
the same face of the ring A.

Synthesis and cytotoxicity of (85)-8-fluoro-4-de-
methoxydaunorubicin (1)

The aglycone 11 was glycosylated with N-
allyloxycarbonyl-1,4-bis(O-p-nitrobenzoy1)-L-
daunosamine (12) and trimethysilyl triflate
(TMSOTY) as a condensing agent [15] (Scheme
3), and the resulting diastereomeric glycosides
were separated by flash column chromato-
graphy. The C(4')-OH and the C(3')-NH; were
deprotected with K,COj in the cold and with
tetrakis triphenylphosphine palladium (0) and
added Ph3P [16], respectively. The desired dias-
tereoisomer 1 was singled out on the basis of
the similarity of its circular dichroism spectrum

PNB2
+

OPNBz
12

TMSOTS, Et;0, CH5Cls,
4A° mol. sieves,
-5°C

65%

-—

o O!'lb %

R

NHCOAll
OPNBz

Separation of the diastereomeric mixture

1) 0.5M K;COj , MeOH, CH,Cly, -5°C

79% | 2y (PhyP),Pd(0), PhsP
2-methylbutyric zcid, CH,Cl,, L

Scheme 3. Synthesis of (85)-8-fluoro-4-demethoxy-
daunorubicin (1).

to that of natural daunorubicin. The N-allylox-
ycarbonyl-1,4-bis(O-p-nitrobenzoyl)-L-dauno-
samine (12) was prepared by p-nitrobenzoyla-
tion of N-allyloxycarbonyl-L-daunosamine ob-
tained from the acidic hydrolysis of N-allylo-
xycarbonyldaunorubicin (A. Cipollone, un-
published results from this laboratory). The
choice of this protecting group made possible
the preparation of the desired aminoglycoside
because of the mild conditions used in the de-
blocking step.

The novel fluoroanthracycline 1 was then
examined in preclinical models for its biologi-
cal activity in comparison with doxorubicin
and idarubicin. In vitro studies on threerelevant
human tumour cell lines (A431, A2780 and
H460) were performed (Table 1) and the cyto-
toxic effects were studied following one hour
exposure. The results, expressed as 1Csp,
showed that1 exhibits a cytotoxic potency com-
parable to that of doxorubicin and much lower
than that of the structurally more related ida-
rubicin. Thus, the introduction of fluorine into
the hitherto largely untouched C(8) position of
anthracyclines seemed disappointing and ap-
parently fruitless. Nevertheless, we suspected
that, in spite of its radius being only slightly
greater than that of hydrogen, the pronounced
electronic effects exerted by the fluorine atom
might cause unpredicted steric consequences
which affected the interaction of the anthracy-
cline with its biological target(s).

Molecular mechanics and NMR studies

The results of different studies, dealing with
the conformation of antitumour anthracyclines
in the solid state, gave indications that the cy-
clohexene ring (ring A) was in the * ha]f—chalr
conformation (Fig. 2), as also shown by the 'H
NMR spectra of different daunorubicin deriva-
tives, with the sugar moiety nearly perpendicu-
lar to the plane of the chromophore [1]. The
conformation of ring A can be important for the
interaction of these drugs with DNA and it is
believed to be a relevant structural property for
antitumour activity [17]. The existence of the
preferred o half-chair conformation of the ring
A in daunorubicin (Fig. 3} and doxorubicin in
solution has been proven by 14 NMR [18, 19].
Two interactions were thought to favour the «
half-chair conformation: the possibility of hy-
drogen bonding between C(9)-OH and C(7)-O,
and the longer distance between phenolic C(6)-
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a half-chair

OH and C(7)-O, which decreases the repulsive
interaction between the two corresponding di-
poles. In this respect, semisynthetic 6-deo-
xyanalogues, which were shown to assume
preferentlally the B half-chair conformation for
ring A by IH NMR studies in polar solvents,
have a lower affinity for native DNA than dau-
norubicin [17].

Consequently, molecular mechanics calcula-
tions were performed to determine the relevant
conformational forms of ring A of 4-demeth-
oxydaunomycinone, of the 8-fluoroanalogue
11 and of its corresponding 8-epimer. Previous
work demonstrated that the results can be
extrapolated to the corresponding glycosides
[20].

The conformation of a six-membered ring
with a double bond can be described, using the
Truncated Fourier Formalism [21], with only
two coordinates, the phase angle P2 and the
puckering amplitude ¢2. In order to map the
whole conformational space, we have calcu-
lated for ring A of the aglycones all the endocy—
clic torsions for ten values of P2 (from P2 = 0°
to P2 = 360°) and ¢2 = 25°. ¢2 Represents the
degree of puckering of the ring, and is equal to
half the maximum possible internal dihedral
angle. For example, a half-chair with ¢2 = 25°
will present a dihedral angle opposite to the
double bond of 50°.

With this set of internal dihedral angles we
have calculated with Discover Insight software
theenergy of the corresponding conformations

" using a modified force-field in which we intro-
duced an extra potential to account for the at-
tractive gauche effect (Fig. 4). The curves plot-
ted indicate a preference for the o half-chair
conformation for 4-demethoxydaunomyci-
none and a preference for the B half-chair con-
formation for the (85)-8-fluoro-4-demethoxy-

B half-chair

Fig. 3. Conformational flex-
ibility of ring A in aglycones
of anthracyclines.
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Fig. 4. Calculated energies corresponding to the o
half-chair and B half-chair conformations for the
4-demethoxydaunomycinone and the two 8-fluo-
roaglycones.
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daunomycinone (11). They predict as well a
propensity for the o half-chair conformation
for the epimer of 11, that is the (8R)-8-fluoro-4-
demethoxydaunomycinone, suggesting that
the inversion of configuration at the carbon
atom bearing the fluorine substituent would
make the fluoroanthracycline 2 assume the con-
formational preference of the antitumour an-
thracyclines.

Based on energetic considerations, it was de-
cided to describe the system with a two-state
model. This assumption implies that only the @
and B half-chair conformations will be in fast
equilibrium in solution. Each of these confor-
mers represents a whole set of conformations,
including the related boats and half-boats.
However, it is known that the process of “pseu-
dolibration” [22, 23] (the interconversion be-
tween conformations that are not separated by
an energy barrier), does not alter significantly
the value of the expected coupling constant,
Ju.4- In other words, our model will consist of
two “dense” conformations, but when we refer
to the o half-chair, we will consider it as the
central position of a distribution of conformers

The vicinal NMR couphng constants, JH7—H8:
were calculated in the two conformers of our
model, using the Karplus equation as modlfled
by Altona [24]. The values obtamed ]Hy_Hs =
2.5 Hz (100% « half-chair) and }H-;_Hg 6.0Hz
(100% B half-chair) were compared with the

experimental data Jey, for the 4-demethoxy-
daunomycinone and for the 8-fluoroaglycone
11, considering that:

Jexp = o Jo + (l—xc. )IPB

where xa represents the molar fraction of the a
half-chair conformer, Jo. = 2.5 Hz and JB = 6.0
Hz (calculated values). The experimental “JH7-
Hs, (corrected for possible non-first-order ef-
fects, using the LAOCOON routine [25]) of 4.0
Hz for the compound 11 in dimethylsulphox-
ide, showed that the B half-chair conformation
is as important as the «. This is an interesting
result since the only example in the literature of
a preferred B half-chair conformation for the
ring A of anthracyclines was that of the 6-deoxy
derivatives in dimethylsulphoxide [17].

The good correlation of the molecular mech-
anics calculated results with those obtained ex-
perimentally for the 4-demethoxydaunomy-
cinone [19, 20] and for the 8-fluoroaglycone 11
allowed us to use the results for the 8-fluo-
roepimer of 11 with a high level of confidence.
In the fluorinated anthracycline analogue 1 the
importance of the B half-chair conformation in
the equilibrium could be due to a stereoelec-
tronic attractive gauche effect between C(7)-
O...C(8)-F and C(9)-OH....C(8)-F. Conversely,
the same effect would dictate a propensity for
the a half-chair conformation for the epimer 2
(Fig. 5).

EE L)

‘——):g‘
% ‘"’ L\'

B-nalf chair

o-half chair

Fig. 5. Conformational
flexibility of ring A in
fluorinated aglycones of
anthracyclines 1 (top)
and 2 (bottom).
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Synthetic studies for the construction
of the cis 8,9-fluorohydrin,

A first synthetic strategy aimed at obtaining
the 8-fluoroepimer of the aglycone 11 tried to
take advantage of a finding two of us described
in reporting an alternative synthesis of 1,4-di-
methoxy-6-acetyl-6-hydroxytetralin (13), a key
intermediate in the industrial synthesis of 4-de-
methoxydaunomycinone, the aglycone of ida-
rubicin (Scheme 4) [26]. Resolution of racemic
13 yielded, together with the intermediate of
correct stereochemistry, the unwanted (+}-anti-
pode. By studying a possible recovery of this
material, it was transformed into an epoxide 16
via reduction to the diol 14 and ring closure of
the corresponding monotosylate 15. Upon
acidic hydrolysis, the epoxide 16 gave a diol
which, after oxidation, afforded acetylhydro-
xytetralin partially inverted at C(6), indicating
either that attack of water at the protonated
oxirane occurred at both sides but with pref-
erence at the tertiary carbon, or that a tertiary
carbenium ion was solvolytically generated
with one face more exposed to nucleophilic
attack, or that both mechanisms were concomi-
tant.

CH;

H IJ,Ic!LJ F «49° ——p 4-Demethoxydauncomycinone

CHy

l ) -13
CHj CHjy H
S
P i —_— H
CH; CH,
. 14
13, Iub = + 48° ‘
RHL0
CH, ( CH; L5
. H
ocHy o OCH;
CH;, e CHy
i —
o H H
CH, OCH,

13, IaL = -29°

It was hoped, therefore, that the 8,9-fluorohy-
drin with the required cis geometry could be
obtained to some extent by repeating the above
procedure on the trans 8,9-fluorohydrin system
of the 8-fluoroaglycone 11 (Scheme 5). The
starting 8-fluoro-9,13-diol 17 was directly ob-
tained from the epoxyalcohol 7 with BF; ¢ Et;O
and it was converted into the epoxide 18 by
tosylation, which occurred solely at the more
reactive C(13) secondary alcohol, followed by
basic treatment. The latter compound, sub-
jected to acidic hydrolysis, disappointingly
gave starting fluorodiol 17 and no trace of the
target fluorodiol 19 was detected.

H
BF; ELO
H
“F
17 l
.. \ v
‘-F “

19

18

Scheme 5. Attempted access to the cis 8,9-fluorohy-
drin system 19.

In the light of this results, it was thought that
the strong electronic effect exerted by the ad-
jacent fluorine atom on the regioselectivity of
the nucleophilic cleavage of the protonated
oxirane ring could be advantageously ex-
ploited, provided that a fluoroepoxide of the
correct geometry such as 20 could be built
(Scheme 6). This, on exposure to acidic
aqueous conditions, would yield the sole flu-
orodiol 19, which would be oxidized to the
fluorohydroxyketone 21.

Scheme 4. Resolution of racemic 1 4-dimethoxy-6-
acetyl-6-hydroxytetralin (13), an intermediate for
the industrial synthesis of idarubicin, and obtain-
ing of a partially inverted material from the un-
wanted antipode [27].



Vol. 42 Synthesis of novel 8-fluoroanthracyclines 441

H;0 )

20 21

irradiation of H-8 did not result in an enhance-

pound the proton H-8 was on the opposite side

ment of the signals for the hydroxyl hydrogens
;:]J]\ (OH-7 and OH-9), indicating that in this com-

w HiS80,. Hy0 4 oxidation ’_ “OH
* F of ring A to the two hydroxyl groups; in the case

of compound 26, an enhancement of the reson-
ance of OH-7, but not of OH-9, was obtained by

Scheme 6. Proposed access to the cis 8,9-fluorohy-  irradiation of H-8, indicating that H-8 was on

drin system 21.

Synthesis of racemic (7R*, 8R*, 9R*)-8-fluo-
ro-4-demethoxydaunomycinone (25)

The allylic alcohol 6 from the Diels-
Alder cycloaddition was then reacted
with N-bromosuccinimide and tetrabuty-
lammonium dihydrogentrifluoride [27]
to give the two regioisomeric trans fluoro-
bromo compounds 22 and 23 in a 2:1
ratio, respectively (Scheme 7). Although
unfavourable regiochemistry was ob-
tained, enough 23 could be easily pre-
pared and separated to allow the
continuation of the synthesis. Thus, basic
treatment of the 8-fluoro-9-bromo-13-hy-
droxy derivative 23 gave the required syn
fluoroepoxide 20 in acceptable yield,
together witharomatized by-products. As
expected, the compound 20 underwent
regioselective oxirane ring opening in
aqueous acidic medium to afford solely
fluorodiol 19 which was oxidized to the cis
fluorohydroxyketone 21 by the Moffat
methodology. Bromination at C(7), per-
formed as described for the irans isomer
9, furnished the bromoketal 24 as a mix-
ture of epimers which was hydrolysed
with aqueous trifluoroacetic acid to give
the desired racemic (7R*, 8R*, 9R*)-8-flu-
oro-4-demethoxydaunomycinone 25 ['H
NMR (CDCl3) dg: 2.50 (3H, s, CH3-14),
3.24 (2H, ABX system, H-10), 3.82 (1H, d,
OH-7), 4.80 (1H, s, OH-9), 5.15 (1H, dd,
H-8), 5.50 (1H, m, H-7), 7.82 (2H, m, H-2,
3), 829 (2H, m, H-1, 4), 13.25 (1H, s,
phenolic proton), 13.60 (1H, s, Phenolic
proton)] and its C(7) epimer 26 [[H NMR
(CDCl3) dyy: 2.50 (3H, s, CH3-14), 3.20 (2H,
AA’system,H-10),5.25(1H, dd, H-8),5.45
(1H, dd, H-7), 7.92 (2H, m, H-2, 3), 8.20
(2H, m, H-1, 4), 13.20 (1H, s, phenolic
proton), 13.92 (1H, s, phenolic proton)] in
a 7:3 ratio. In the case of compound 25,

the same side as OH-7 and on the opposite side
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1 —-———
| L on 100% L AL
*F °F
0 OH 0 OH
19 20
DMSO, Ac0
70% Py, TFA. L.
H
(T
*OH ——————
= % 30%
F
0 OH
21
TFA, Hy0,
reflux
[4] OH 0 0 OH 0
| I
QI Yoo " LI Trom
0 OH . i & OH o T
25 (49%) 26 (21%)

Scheme 7. Synthesis of racemic (7R*, 8R*, 9R*)-8-fluoro-4-
demethoxydaunomycinone (25).
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to OH-9. Differently from the 8S5* analogue,
additional treatment with anhydrous trifluo-
roacetic acid failed to epimerise 26 to 25, indi-
cating that even the stereochemistry of the
fluorine substituent at C(8) had some implica-
tions at C(7) adjacent centre.

Synthesis and cytotoxicity of (8R)-8-fluoro-4-de-
methoxydaunorubicin (2)

The aglycone 25 was glycosylated with the
L-daunosamine derivative 12 in a manner
identical to that used for the fluoroepimer 11
(Scheme 8). After separation of these resulting
diastereomeric glycosides and deprotection of
the relevant protecting groups on the sugar
moiety, the fluoroanthracycline 2 was singled
out on the basis of the similarity of its circular
dichroism spectrum to that of natural dauno-
rubicin.

The results of the in vitro studies on the three
relevant human tumour cell lines A431, A2780
and H460 showed that the (8R)-8-fluoro-4-de-
methoxydaunorubicin (2) displayed a cyto-

25 + 12

TMSOTS, Et,0, CH,Cl,
4A° mol. sieves
-5°C

85%

NHCOAll
OPNBz

Separation of the diastereomeric mixture

1) 0.5M K,CO; , MeOH, CH,Cl,, -5°C

84%
2) (PhyP);Pd(0), PhsP

2-methylbutyric acid, CH,Cl,, r.t.

Scheme 8. Synthesis of (8R)-8-fluoro-4-demethoxy-
daunorubicin (2).

toxic activity higher than that of doxorubicin
and of the (85)-8-fluoro-4-demethoxydauno-
rubicin (1) and comparable to that of idarubicin
(Table 1). The different biological behaviours

Table 1
Comparative cytotoxic activity of doxorubicin
(DXR), idarubicin (IDA), (8S)-8-fluoro-4-deme-
thoxydaunorubicin (1) and (8R)-8-fluoro-4-deme-
thoxydaunorubicin (2) on human tumour cell lines

following 1 h exposucre.
The results are expressed as ICsg (g /ml) and are the
mean of at least three experiments. (Data from Istituto
Nazionale Tumori, Milano).

Cell line DXR IDA (1) (2)
e 026 | 001 | 022 | 003
(cervix cancer)
£=E7 020 | 0.008] 0.20 | 0.002
{ovarian cancer)

FLAST 0.06 | 0.001| 0.08 | 0.025
(lung cancer)

were ascribed to the stereochemistry of the flu-
orine substituent, which modifies the confor-
mational preference of the ring A. This fact can
be predicted by using molecular mechanics cal-
culations and agrees with the experimental
data obtained by NMR studies.

CONCLUSIONS

We have synthesized the anthracycline anal-
ogues 1 and 2 bearing a fluorine atom at the
same C(8) of ring A of the aglycone residue, but
with the different stereochemistry 8S and 8R,
respectively, with the aim of comparing their
DNA-drug interaction and antitumour proper-
ties with those of the clinically useful anthracy-
clines doxorubicin and idarubicin. '

It is generally accepted that the presence of
fluorine in a molecule has minor steric effects
(due to its radius being only slightly greater
than that of hydrogen), but potentially major
electronic consequences [28]. However, the
pronounced electronic effects exerted by the
introduction of the fluorine atom in the C(8)
prostereogenic centre of anthracyclines re-
sulted in modifications to a conformational
preference of ring A, as could be predicted
theoretically and confirmed by NMR experi-
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ments, resulting in dramatically different biol-
ogical behaviour. The (85)-8-fluoro-4-deme-
thoxydaunorubicin (1) showed a cytotoxicity
comparable to that of doxorubicin and much
lower than that of the structurally related ida-
rubicin. Conversely, the (8R)-8-fluoro-4-de-
methoxydaunorubicin (2) showed a cytotoxic
activity higher than that of doxorubicin and of
1 and comparable to that of idarubicin. Thus,
the cytotoxic properties of the two 8-fluoroan-
thracycline analogues, 1 and 2, were markedly
affected by the stereochemistry of the fluorine
substituent, suggesting that the conformational
preference of ring A should be considered in
planning modifications in anthracyclines.
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