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Hybrid molecules wherein five-membered rings of ferrocene
or cymanthrene are covalently bonded with the amino group
of daunorubicin through a methylene linker, have been
synthesized by reductive amination of the corresponding
aldehydes [M]CsH,CHO {[M] = CpFe or (CO);Mn} using
daunorubicin as an amine component.
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Recently, a novel trend in organometallic chemistry, namely,
bioorganometallic chemistry, has attracted a greater attention,*
since novel classes of organometallic compounds were found to
play a key role in biochemical and biological processes.? The
main strategy in design of thebiologically active organometallic
compounds is based on constructing hybrid molecular systems
that comprise an organometallic unit covalently bonded to a
biologically active organic molecule.® Introduction of organo-
metallic moieties into various physiologically active compounds
often resultsin arise of the biological activity and extension of a
pharmacological profile of an organic substrate.* Among organo-
metallic compounds including metallocene ones, of specia interest
are ferrocene and cymanthrene derivatives possessing pronounced
antiproliferative properties. @5 However, their covalent conjugates
with antitumor anthracycline antibiotics were not reported although
chemical modification of the anthracyclines has been studied for
a rather long time. Examples of their acylation,® alkylation,’
trimethylsilylation,® introduction of fluorinated substituents® or
phosphorus-containing groups'® were described.

In the present work, we have accomplished a synthesis of
hybrid molecules 1, 2 containing daunorubicin and ferrocene or
cymanthrene moiety (Scheme 1). In compounds 1, 2, cyclopenta
diene rings are covalently bonded through methylene linkers with
an amino group of the carbohydrate fragment of daunorubicin.

co
oc._ | CO
M

HO |me 2
NHCH,R

> N 12

Scheme 1 Reagents and conditions. NaBH3(CN), MeCN, H,O, room
temperature, darkness.
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To access conjugates 1, 2, we applied the reductive amination
method!* to ferrocenecarbaldehyde or cymanthrenecarbal dehyde
using daunorubicin as an amine component. The reaction was
performed in aqueous acetonitrile; imines formed at the first step
were reduced with sodium borohydride without isolation. Final
products 1, 2 were isolated using column chromatography on
silica gel in 60% yield. The structures of compounds 1, 2 were
confirmed by the *H and 13C NMR spectroscopy.’

T Daunorubicin hydrochloride was purchased from Aldrich. Ferrocene-
carbaldehyde'? and cymanthrenecarbaldehyde were synthesized using the
known methods. Atom numbering in compounds 1, 2 is given according
to Tong et al.13

Conjugates 1, 2. A mixture of a metallocenecarbal dehyde (8.0 mmol)
and daunorubicin hydrochloride (225 mg, 0.4 mmol) in acetonitrile-H,O
(3:1, 9ml) was tirred at room temperature in the darknessfor 0.5 h. Then,
NaBH3(CN) (76 mg, 1.2 mmol) was added and stirring was continued for
0.5 h. The mixture was quenched with H,O (5 ml) and extracted with
CHClI3 (3% 10 ml). The organic layers were washed with H,O (15 ml) and
water layers were re-extracted with CHCl; (15 ml). The combined organic
extracts were dried over Na,SO,, filtered and evaporated to dryness. The
residue was purified by column chromatography on silicagel.

N-(Ferrocenylmethyl)daunorubicin 1. Eluent, CHCI;-MeOH (50:3),
red powder, yield 58%. IR (KBr, v/cm™): 3449 (OH + NH), 3091 (CH),
2933 (CH), 2851 (CH), 1716 (C=0), 1617, 1579, 1445, 1413, 1383, 1352,
1285, 1233, 1210, 1119, 1107, 1088, 1070, 1034, 989, 816, 764, 484.
IH NMR (400.13 MHz, CDCly) 4: 14.07 (br.s, 1H, 6-OH), 13.25 (br.s,
1H, 11-OH), 8.07 (d, 1H, 1-H, 33,4, 7.2 Hz), 7.81 (t, 1H, 2-H, 3], 7.8 H2),
7.42(t, 1H, 3-H, 33, 8.0 H2), 5.55 (br.s, 1H, 1'-H), 5.29 (br.s, 1H, 7-H),
4.33 (s, 2H, ¥%,CH,), 4.11 (br.s, 7H, CsHs + Y%,CsH,), 4.08 (s, 3H,
4-OMe), 3.95 and 3.84 (2s, 2H, NCH,), 3.80-3.65 (m, 2H, 5'-H, 4'-H),
3.15-2.95 (m, 1H, 3-H), 3.24 (d, 1H, 10-H,, 2]y, 20.0 Hz), 2.96 (d,
1H, 10-Hg, 2y, 20.0 Hz), 2.43 (s, 3H, 14-Me), 2.34 (d, 1H, 8-H,,
23un 12.0 Hz), 2.10 (d, 1H, 8-Hg, 204y 12.0 Hz), 2.15-1.80 (m, 4H,
11-OH + 6-OH + 2'-H), 1.34 (d, 3H, 5-Me, 3J., 8.0 Hz). 1°C NMR
(100.61 MHz, CDCl3) ¢: 211.79 (C*3), 186.95 (C'?), 186.61 (C®), 160.98
(C%, 156.31 (C8), 155.79 (CY), 135.69 (CB®), 135.41 (C1?9), 134.45 (C),
134.09 (C*3, 120.80 (C%9), 119,71 (C?), 118.35 (CY), 111.30 (C19), 111.16
(C%, 100.31 (CY), 76.59 (ipso-CsH,), 68.50 (unsubstituted CsHs), 69.28,
68.87, 66.98 and 66.36 (CsH, in Fc), 56.58 (C7), 52.01 (C%), 44.40 (NCH,),
34.89 (C19), 33.19 (C®), 24.71 (14-Me), 16.79 (5-Me). Found (%): C, 60.48;
H, 4.82; N, 1.81; Fe, 6.90. Calc. for 3CgH390,9NFe -2CH,Cl, (%): C, 59.37;
H, 5.20; N, 1.79; Fe, 7.14. MS (MALDI-TOF), m/z: 725.19 [M]*.
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In summary, the synthesis of hybrid moleculesfrom ferrocene-
carbaldehyde or cymanthrenecarbal dehyde and antitumor anthra-
cycline antibiotic, daunorubicin, has been performed in good
yields. The reductive amination provides an approach to bio-
conjugates wherein daunorubicin is covalently bonded through a
methylene spacer with Cp,Fe or CoMn(CO); moiety.

Thiswork was supported by the Russian Foundation for Basic
Research (project no. 15-03-00663).
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