Pergamon

Bioorganic & Medicinal Chemistry Letters 11 (2001) 1085-1088

BIOORGANIC &
MEDICINAL
CHEMISTRY

LETTERS

Dimeric L-Dopa Derivatives as Potential Prodrugs

Antonio Di Stefano,** Barbara Mosciatti,? Gian Mario Cingolani,®
Gianfabio Giorgioni,® Massimo Ricciutelli,” Ivana Cacciatore,? Piera Sozio® and
Francesco Claudi®

aDipartimento di Scienze del Farmaco, Universita G. D’Annunzio, 66100 Chieti, Italy
Dipartimento di Scienze Chimiche, Universita di Camerino, 62032 Camerino, Italy

Received 1 December 2000; revised 24 January 2001; accepted 26 February 2001

Abstract—A series of dimeric derivatives (+)-1, and (+)-2, and (+)-3a—d of L-Dopa diacetyl esters was synthesized and evaluated
as potential L-Dopa prodrugs with improved physicochemical properties. All the new compounds showed chemical stability in
aqueous buffer solutions (pH 1.3 and 7.4). A relatively slow release of L-Dopa in human plasma was observed. © 2001 Elsevier

Science Ltd. All rights reserved.

Parkinson’s disease is characterized by a specific loss of
dopamine neurons in the substantia nigra (SN). Dopa-
mine deficiency appears to be responsible for the motor
deficits of the disorder and at present L-Dopa remains
the mainstay of treatment for Parkinson’s disease.!
However, during chronic treatment with L-Dopa, a
variety of problems may emerge. Patients experience a
decrease in the duration of drug effect (‘wearing-off’
phenomenon) and, as the number of functioning dopa-
mine neurons decreases in the SN, the patient becomes
more sensitive to L-Dopa plasma level fluctuations (on/
off effects). L-Dopa is usually administered orally but
the drug is extensively metabolized in g.i. tract, so that
relatively little arrives in the bloodstream as intact L-
Dopa. In addition, it has not been easy to produce a
sustained release preparation of L-Dopa capable of
more effectively maintaining adequate plasma levels.
For this reason, increasing interest has been addressed
toward the production of prodrugs with improved
pharmacological and pharmacokinetic properties
compared with L-Dopa.

Several L-Dopa derivatives were reported with the aim
of enhancing its chemical stability, the water or lipid
solubility, as well as diminishing the susceptibility to
enzymatic degradation.?> Recently, dimeric derivatives
have become a common strategy for the production of

*Corresponding author. Tel.: +39-871-35555338; fax: +39-871-
3555267; e-mail: adistefano@unich.it

prodrug forms, in which two identical structural mole-
cules are linked together through a spacer and after
administration are metabolized into their identical
agents.o

In this study we have thus protected all the three sensi-
tive centers of L-Dopa: the carboxy function, the amino
group and the catechol system, synthesizing a series of
dimeric derivatives (+)-1, (+)-2, and (+)-3a—d of dia-
cetyl L-Dopa methyl ester (Fig. 1).

The compounds were evaluated as potential prodrugs
with improved physicochemical properties. The present
paper reports the lipophilicity and the rates of chemical
and enzymatic hydrolysis of all the new compounds.

The amides (+)-2 and (+ )-3b—d were synthesized by the
classical methods through the interaction of 3,4-
diacetyloxy-L-phenylalanine methyl ester hydrochloride
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(+)-4 with the respective dicarboxylic acid dichloride!®
(Scheme 1). The urea (+)-1 was prepared by the con-
densation of triphosgene with the derivative (+)-4 in
the presence of Et;N and the malonamide derivate
(+)-3a was obtained by treatment of aminoester (+)-4
with malonic acid and 1,3-dicyclohexylcarbodiimide
(DCC).M!

The apparent partition coefficients (logP) were deter-
mined in n-octanol/phosphate buffer of pH 7.4. The
concentration of prodrugs in the octanol and buffer
layer was determined by correlating the peak areas in
HPLC to known concentrations of the compounds.

The determined values of logP and physicochemical
properties are listed in Table 1. The data show that the
lipophilicity increases as the acyl chain is lengthened
(see compounds (+)-3a—d) and the urea (+)-1 shows

the highest value of all our compounds. The solubility
of prodrugs was more than the 15 pg/mL necessary for
good oral absorption.'?

The chemical hydrolysis rates of our compounds were
measured under two pH conditions (pH 1.3 and 7.4) at
37°C.!13 The reactivities to chemical hydrolysis were
evaluated by pseudo-first-order rate constants obtained
from slopes of semilogarithmic plots of the prodrugs
concentration against time. The decomposition products
were the compounds 5 in which the amide bonds remain
unhydrolyzed with loss of ester groups (see Fig. 2).

These derivatives were identified by LC/MS and NMR
analysis. The rate constants (K,,s) for both chemical
hydrolysis and the corresponding half-life times are
listed in Table 2.

The rate data in Table 2 show that all the compounds
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Table 1. Physicochemical properties of prodrugs (+)-1, (+)-2, and (+)-3a—d
Compd log P2 Melting point, °C (recryst. solvent) [o]®
(+)1 1.04 (£0.011) 190-192 (MeOH) + 61.9° (¢ 1, CHCLy)
(+)2 0.73 (£0.016) 187-189 (EtOH) + 61.3° (¢ 1, CHCLy)
(+)-3a 0.62 (£0.013) 128-129 (EtOH) + 46.2° (¢ 1, CHCly)
(+)-3b 0.85 (£0.013) 162-164 (AcOEY) + 69.8° (¢ 1, MeOH)
(+)-3c 0.87 (£0.024) 193-195 (MeOH) + 23.3° (¢ 1, CHCly)
(+)-3d 0.92 (£0.020) 159-161 (MeOH) + 58.5° (¢ 1, CHCLy)

#Values are means of three experiments, standard deviation is given in parentheses.

Table 2. Kinetic data for chemical hydrolysis of prodrugs (+)-1, (+)-2, and (+)-3a—d at 37°C

pH 1.3 pH 7.4

Compd t12 (h)° Kops (h71)° t12 (h)° Kops (h71)°

(+)-1 16.5 (£0.9) 0.042 (£2.3x1073) 14.2 (£0.7) 0.049 (£2.5x1073)
(+)2 20.0 (£1.3) 0.032 (£2.3x107%) 14.2 (£1.3) 0.049 (£4.2x107%)
(+)-3a 16.1 (£1.2) 0.043 (£3.2x107%) 15.6 (£1.1) 0.040 (£2.6x1073)
(+)-3b 55.4 (£3.1) 0.13 (£7.2x1073) 16.2 (£4.5) 0.043 (£1.2x1073)
(+)-3¢ 68.1 (£2.8) 0.010 (£4.2x10~%) 13.9 (£8.1) 0.050 (£3.1x1073)
(+)-3d 48.8 (£1.2) 0.014 (£3.5x10~%) 17.3 (£0.8) 0.040 (£1.7x1073)

4Hydrochloric acid buffer (0.2 M).
®Phosphate buffer (0.02 M).

“Values are means of three experiments, standard deviation is given in parentheses.
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Table 3. Rate constants for the hydrolysis of prodrugs (+)-1, (+)-2, and (+)-3a—d in 80% rat plasma and 80% human plasma at 37°C
Compd Rat plasma Human plasma

t1> (min)? Kops (min~—1)2 ki (min~1)? ¢, (min)? ks (min~")* 71 (min)*
(+)1 244 (+1.9) 0.028 (£2.2x1073) 0.0068 (+£4x1074) 101.9 (£2.1) 0.0025 (£1x107%) 277.2 (£38.9)
(+)2 6.1 (£0.21) 0.11 (£3.8x1073) 0.0083 (£3x107%) 83.0 (£2.3) 0.0045 (£3x107%) 152.8 (£7.2)
(+)-3a 1.4 (£0.02) 0.43 (£6.2x1073) 0.072 (£4x1073) 9.0 (£0.4) 0.0052 (£2x107%) 133.27 (£6.5)
(+)-3b 2.0 (+£0.08) 0.34 (£1.4x1072) 0.050 (£3x1073) 13.9 (£0.5) 0.0086 (£5x107%) 50.6 (£2.7)
(+)-3¢ 2.9 (£0.11) 0.24 (£9.1x1073) 0.011 (£2x1073) 63.0 (£2.9) 0.0045 (£1x107%) 154.0 (£10.2)
(+)-3d 4.1 (£0.17) 0.17 (£7.0x1073) 0.081 (£2x1073) 8.0 (£0.2) 0.010 (£2x1073) 73.3 (£3.1)

#Values are means of three experiments, standard deviation is given in parentheses.
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Figure 3. First-order kinetics for hydrolysis of prodrugs (+)-1, (+)-2,
and (+)-3a—d in rat plasma diluted to 80% (v/v) with pH 7.4 isotonic
phosphate buffer.
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Figure 5. Time courses for hydrolysis of prodrug (+)-3d to L-DOPA
via the intermediate formation of 6 in human plasma diluted to 80%
(v/v) with pH 7.4 isotonic phosphate buffer.

compounds to L-DOPA was observed; the data are
illustrated in Figure 3 and listed in Table 3.

Hydrolysis in 80% human plasma (human plasma con-
taining 20% 0.02 M phosphate buffer pH 7.4), proceeds
slowly by a two-step reaction: at first the ester groups
are cleaved with formation of intermediate 6 which,
afterwards, is hydrolyzed to L-Dopa (Fig. 4). The rate
constants (K,ps) and the corresponding half-life times
are shown in Table 3.

The degradation process was found correlated with
first-order kinetics and the rL-Dopa was released in
quantitative amounts.

An example of the time course for enzymatic hydrolysis
observed in 80% human plasma is illustrated in Fig. 5.
All the compounds are converted to L-Dopa after enzy-
matic hydrolysis and they showed a sustained release of
the parent drug in human plasma. The acyl spacer has
little influence on the rates of prodrug bioconversion.

In conclusion, dimeric L-Dopa derivatives were synthe-
sized. An HPLC and LC/MS was used for investigation
of the hydrolysis kinetics in aqueous buffer solution and
in 80% rat and human plasma. The lipophilicity para-
meters (log P) were determined and seem sufficient for
good oral absorption after oral administration. A con-
siderable chemical stability of all prodrugs was observed
at 37°C in aqueous buffer solutions of pH 1.3 (non-
enzymatic Simulated Gastric Fluid, SGF) and isotonic
phosphate buffer of pH 7.4. A relatively slow release of
L-Dopa in 80% human plasma was observed while in
80% rat plasma all the prodrugs were rapidly cleaved
into L-Dopa.!*

Microdialysis studies in rat striatum are in progress in
order to evaluate the bioavailability after oral and
parenteral administration.

Acknowledgements

This work was supported by the Ministero della Uni-
versita e della Ricerca Scientifica ¢ Tecnologica (Pro-
getto Nazionale Tecnologie Farmaceutiche). The authors
thank Prof. M. Cardellini for his collaboration and Mr.
Domenico Rapposelli for his technical assistance.



1088 A. Di Stefano et al. | Bioorg. Med. Chem. Lett. 11 (2001) 10851088

References and Notes

1. Blandini, F.; Greenamyre, J. T. Drugs Today 1999, 35, 473.
2. Bodor, N.; Sloan, K. B.; Higuchi, T. J. Med. Chem. 1977,
20, 1435.

3. Cooper, D. R.; Marrel, C.; Van de Waterbeemd, H.; Testa,
B.; Jenner, P.; Marsden, C. D. J. Pharm. Pharmacol. 1987, 39,
627.

4. Wang, H.; Lee, J.; Tsai, M.; Lu, H.; Hsu, W. Bioorg. Med.
Chem. Lett. 1995, 5, 2195.

5. Cingolani, G. M.; Di Stefano, A.; Mosciatti, B.; Napoli-
tani, F.; Giorgioni, G.; Ricciutelli, M.; Claudi, F. Bioorg.
Med. Chem. Lett. 2000, 10, 1385.

6. Christiaans, J. A. M.; Timmerman, H. Eur. J. Pharm. Sci.
1996, 4, 1.

7. Mahfouz, N. M.; Aboul-Fadl, T.; Diab, A. K. Eur. J. Med.
Chem. 1998, 33, 675.

8. Giannola, L. I.; Giammona, G.; Alotta, R. Pharmazie
1992, 47, 423.

9. Langlois, M.; Quintard, D.; Abalain, C. Eur. J. Med.
Chem. 1994, 29, 639.

10. Bodor, N.; Sloan, K. B. U.S. Patent 3,988,799. Chem.
Abstr. 1976, 87, 509.

11. The purity of all new compounds was checked by HPLC

using the column Merck Purospher RP-18 endcapped (5 pm)
125-3 with MeOH/H,O 60:40 as eluent. The microanalyses
results were within +0.4%. 'H NMR spectra were recorded at
300 MHz in DMSO-d; as solvent. Compound (+)-1: & ppm
7.24-7.04 (m, 6H, ArH), 6.67-6.56 (d, 2H, 2NH), 4.46-4.32
(m, 2H, 2CH-N), 3.61 (s, 6H, 20CH3), 3.08-2.82 (m, 4H,
2CH»-Ar), 2.27 (s, 12H, 4CH;CO). Compound (+)-2: § ppm
9.20-9.07 (d, 2H, 2NH), 7.15 (s, 6H, ArH), 4.61-4.45 (m, 2H,
2CH-N), 3.61 (s, 6H, 20CH3), 3.20-3.04 (m, 4H, 2CH,-Ar),
2.25 (s, 12H, 4CH;CO). Compound (+)-3a: 6 ppm 8.60-8.50
(d, 2H, 2NH), 7.20-7.10 (m, 6H, ArH), 4.55-4.40 (m, 2H,
2CH-N), 3.58 (s, 6H, 20CH3), 3.12 (s, 2H, CH,CO), 3.04-2.92
(m, 4H, 2CH,-Ar), 2.26 (s, 12H, 4CH5CO). Compound ( + )-4:
3 ppm 8.74 (s, 3H, NHj), 7.30-7.18 (m, 3H, ArH), 4.36-4.22
(m, 1H, CH-N), 3.68 (s, 3H, OCH3), 3.50-3.22 (m, 2H, CH>-
Ar), 2.29 (s, 6H, 2CH3CO). The optical purity of all the new
compounds was established after hydrolysis with HCl 37%/
EtOH 1:1 (refluxed for 3h). The recovered L-Dopa showed at
least an e.e. >96%.

12. Yalkowsky, S. H., Morzowich, W. In Drug Design,
Ariens, J., Ed.; Academic: New York, 1980; Vol. IX, p 121.
13. Farghaly, A. O. Eur. J. Med. Chem. 1998, 33, 123.

14. Welch, R. M.; Brown, A.; Ravitch, J.; Dahl, R. Clin.
Pharmacol. Ther. 1995, 58, 132.



