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Abstract—A new approach for chemoselective ligation of peptides to dauno- and doxorubicin through an oxime bond is presented.
The method does not require protecting groups on the peptide moiety. © 2001 Elsevier Science Ltd. All rights reserved.

Daunorubicin and doxorubicin are widely used as anti-
neoplastic agents in tumor treatment. However, toxic
dose-related side effects, such as nephrotoxicity and
cardiotoxicity, limit their clinical application. Different
approaches have been adopted in order to increase their
therapeutic index. One way of reducing the therapeutic
dose is tumor targeting obtained by attaching the cyto-
toxic compound to carrier peptides that show affinity to
the tumor tissue'? or are selectively cleaved in the presence
of tumor cells.!®
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Several ways of conjugating these drugs to peptides
have been published to date: formation of an amide
bond on the sugar amino group,? formation of an ester
bond on the primary hydroxyl of doxorubicine,? alkyl-
ation of the sugar amino group through reductive ami-
nation,* and introduction of a maleimide moiety for
further ligation with a cysteine-containing peptide.’
Such methods, however, are not compatible with the
entire variety of amino acid functionalities on the
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reacting peptide, so that some residues have to be avoi-
ded, or selectively protected, with the ensuing solubility
problems. Furthermore, the instability of the glycosidic
bond to the acidic conditions normally used for N*
deprotection (Boc synthesis) or resin cleavage (Fmoc
synthesis) precludes a solid-phase approach to the
problem.

Our goal was to develop a general method to produce
conjugates between daunorubicin or doxorubicin and a
peptide of any sequence. We decided to take advantage
of oxime ligation, used to link totally unprotected pep-
tidic fragments.® Since the precursor O-alkylhydroxyl-
amine is easily obtained through coupling (Boc-
protected) aminoxyacetic acid to a free amino group of
the peptide,® our efforts were addressed to introducing
the partner carbonyl function in the anthracyclinone
moiety. Both dauno- and doxorubicin already contain a
ketone, but modifications of this carbonyl to form a
methyl oxime have been shown to dramatically reduce
the drug cytotoxicity.”

We first synthesized derivative 1 of daunorubicin, con-
taining a very reactive aldehydic group. The compound
however proved unstable and prone to intramolecular
cyclization in aqueous solution. The less reactive keto
derivative 2a (from levulinic acid) and 2b (from 5-oxo-
hexanoic acid) were then isolated and characterized.®

A first test was run’ according to the standard condi-
tions for oxime ligation® that is aqueous solution buf-
fered at pH 4, with the model peptide 5 (H,N-O—-CH,—
CO-NH-Ala-Tyr-Gly-OH). We obtained two products
resulting from condensation either with the exocyclic
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Scheme 1. Ligation of the test peptide 5 with daunorubicin derivatives 2a and 2b.

methyl ketone (3a and 3b) or with the desired methyl
ketone of the sugar side chain (4a and 4b) (Scheme 1).
The ratios were 1:1 for 2 and 1:2 in favor of the desired
product 4b for 2b.'° Changing the solvent from water to
dimethylformamide (DMF) or the buffer counterion
from sodium to potassium did not alter these ratios.
Since oxime formation is acid catalyzed, we then exam-
ined regioselectivity as a function of the pH.

The amount of the desired isomer (4a and 4b) increased
with increasing pH for both 2a and 2b (Figs. 1 and 2).
Moreover, while 2a reached a plateau (3a/4a ratio of 55:45
at pH 06), derivative 2b yielded > 80% of 4b at the same pH.

This result prompted us to apply the same scheme to
doxorubicin. The 5-oxohexanoic derivative 6 was pre-
pared!'! and the regioselectivity of the condensation with
5 was studied as a function of the pH (Scheme 2).

As shown in Figure 3, running the reaction at pH 6
allowed quantitative recovery of 8 in this case.

To test the method with larger peptides including all the
variety of side chains, we prepared the conjugates of 2b
and 6 with the 33-mer peptide 9, derivatized with ami-
noxyacetic acid on the g-amino group of the C-terminal
lysine. Both reactions were run in aqueous buffer at pH
6, using a 5-fold excess of the anthracyclinone: the tar-
get conjugates were smoothly produced in 24 h and iso-
lated by preparative HPLC. The yields were 43 and
34%, respectively, for 10 and 11,'? with aminoxyacetic
acid on the g-amino group of the C-terminal lysine.

AEGEFALSETAKRWRLLFYRAGVGNAEDPAKG
GK(COCH,ONH,)CONH, (9)

l 2b or 6 (DMF, pH 6)

AEGEFALSETAKRWRLLFYRAGVGNAEDPAKG
GK(COCH,0ON=X)CONH, (10 or 11)

X = anthracyclinone

Finally, we prepared a conjugate of 2b with a peptide
containing a disulfide bridge (12), since constrained
peptides of this kind are frequently selected from phage
libraries.!3
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Figure 1. Observed regioselectivities as a function of pH for the liga-
tion of 5 with 2a.
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Figure 2. Observed regioselectivities as a function of pH for the liga-
tion of 5 with 2b.

AEGEFMRASRCNNPCPWMAGADPAKGGK(COC

H,0ONH,)CONH,(12)
l 2b (DMF, pH 6)

AEGEFMRASRCNNPEIPWMAGADPAKGGK(COC
H,ON=X)CONH,(13)

X = anthracyclinone

Derivative 13 was obtained in 23% yield after HPLC
purification.!?

In conclusion, we have developed an efficient and
general method for the preparation of peptide-
dauno-/doxorubicin  conjugates by chemoselective



P. Ingallinella et al. | Bioorg. Med. Chem. Lett. 11 (2001) 1343—1346 1345
O OH 5 O OH NOPep O OH
—_—— +
OH OH OH
OMeO OH o OMeO OH 0 OMeO OH o

Ne¥! ,
- H ”(” /EHz)a
OH o

5 = H,N-O-CH,-CO-NH-Ala-Tyr-Gly-OH

Scheme 2. Ligation of the test peptide 5 with doxorubicin derivative 6.
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Figure 3. Observed regioselectivities as a function of pH for the liga-
tion of 5 with 6.

ligation. Our method makes use of an oxime bond,
which is known to be reasonably stable both in vitro
and in vivo,'*!> and is applicable to totally unprotected
precursors of any sequence.
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