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Abstract: The synthesis of novel water-soluble phenytoin derivatives, bearing an
ionizable group, and a preliminary study for in vitro blood hydrolysis are reported. The
results show that hydrolysis of amino esters 8 is very fast, much more than that of
fosphenytoin. © 1999 Published by Elsevier Science Ltd. All rights reserved.

Phenytoin (1) is one of the most widely used drugs in the therapy of epilepsy. However, its low
solubility in water, both as free acid and sodium salt, makes its administration to patients difficult and seldom
satisfactory. Phenytoin is given orally as sodium salt in a strong alkaline solution, since it requires a pH
between 10 an 12 to be maintained in solution. The alkalinity of this dosage form often causes gastric
irritation, which is a serious drawback for its use. Phenytoin can also be given by the intramuscular route, but
the product commonly precipitates at the injection site, leading to unreliable blood levels of the drug.
Moreover, absorption of intramuscular phenytoin is very slow, so it is not appropriate for treating epileptic
seizures, in which a loading dose of the product is required. Intravenous administration is the most useful
route in such cases. For parenteral use, sodium phenytoin is formulated in aqueous alkaline solution (pH 12)
containing 40% of propylene glycol and 10% of ethanol. The risks associated with the use of this formulation
are obvious, taking into account its high pH as well as the precipitation of the free acid 1.

A solution to these problems has consisted in the development of prodrugs of phenytoin with more
desirable physico-chemical properties, although only a limited number of parenteral prodrugs of phenytoin
have been described in the literature.! The acylation of the 3-position of the hydantoin nucleus provides
phenytoin prodrugs, which are quite unstable chemically or do not improve phenytoin solubility.2 In contrast,
N-aminomethyl derivatives (Mannich bases) of phenytoin possess good aqueous solubility (as hydrochlorides)
and release the drug rapidly.3 More recently, there has been a growing interest in N-hydroxymethyl
derivatives of hydantoins bearing bioreversible water solubilizing functional groups.4 In this context, Varia et
al.5 have described a series of esters derived from 3-(hydroxymethyl)phenytoin (2d), including fosphenytoin,5
launched as Cerebyx®52 in the US in 1996. Other 3-hydroxymethyl derivatives of phenytoin containing a
dihydropyridine subunit as a redox brain delivery system for phenytoin,” and highly water-soluble potential
phenytoin prodrugs containing polyethylene glycols as the promoiety3 have recently been reported.

In this context we present herein the synthesis of several series of phenytoin derivatives as potential
phenytoin prodrugs®. Most of them are esters (3, 4, 6, 8) bearing an additional ionizable group, and the
corresponding salts, either a carboxylate or a protonated amine, were expected to be soluble in water and to be
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cleaved by esterases to phenytoin alcohols 2, which break down further into phenytoin. A similar easy
hydrolysis to phenytoin was expected from phosphate 11, the o-methyl analog of fosphenytoin. On the other
hand, the N-acyl derivatives 12, bearing a protected carboxy function, were also envisaged as precursors of
phenytoin soluble prodrugs, although their conversion to the latter could only be accomplished from 12¢ due
to the lability of the N-acyl bond. The target molecules were synthesized as outlined in Schemes 1-5.

The sodium salts derived from acids 3 and 4 (Scheme 1) were obtained by reaction of phenytoin (1)
with an appropriate aldehyde (acetaldehyde, propionaldehyde or glyoxylic acid) and anhydride (succinic,
glutaric or acetic anhydride), without isolation of intermediate alcohols 2, followed by treatment of the
resulting carboxylic acids 3a-¢ and 4 with sodium methoxide. The use of pyridine both as a solvent and as a
base was found to be crucial for the formation of alcohols 2a-c, as the reaction failed in the presence of the
aqueous bases usually used in the synthesis of (3-hydroxymethyl)phenytoin (2d).5b
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Alternatively, the sodium salt of the adipic derivative 6 was more conveniently prepared (Scheme 2)
by esterification of phenytoin alcohol 2a with benzy! hydrogen adipate, 9 using tosyl chloride as the carboxy
group activator, followed by hydrogenolysis of the benzyl moiety in the resulting diester 5 and, finally,
treatment with sodium methoxide.
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Prodrugs with piperazine, pyrrolidine, piperidine or morpholine moities 8a-f were synthesized
(Scheme 3) by esterification of the appropriate heterocyclic amino acids 7a-e!1.12 with phenytoin alcohols 2a
or 2d,5b using either tosyl chloride as the carboxy group activator or dicyclohexylcarbodiimide as the
dehydrating agent. Treatment of amino esters 8 with hydrogen chloride or succinic acid yielded the
corresponding water-soluble prodrugs.
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On the other hand, disodium phosphate 11 (Scheme 4) was prepared by a route similar to that
reportedS® for the synthesis of fosphenytoin, by treatment of phenytoin with acetaldehyde, conversion of the
resulting alcohol 2a to halide 9, alkylative esterification with silver dibenzyl phosphate, hydrogenolysis of the
resulting dibenzyl phosphate 10 and, finally, treatment with sodium methoxide.
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Finally, N-acyl derivatives 12a-c (Scheme 5) were prepared by reaction of sodium phenytoin with the
appropriate half benzyl esters of succinic,!3 glutaric,!0 and adipic!® acids, respectively, previously activated
with ethyl chloroformate. Unfortunately, the conversion of 12a-c¢ into water-soluble phenytoin prodrugs could
not be accomplished, since deprotection of the benzyl group in 12a and 12b yielded phenytoin (1) and
succinic or glutaric anhydride due to an intramolecular cyclization of the initially formed carboxylic acids. In
the case of 12¢, the formation of adipic anhydride is not favoured, and the acid 12d was obtained in good
yield. However, this acid could not be converted into its corresponding sodium salt owing to the fast
hydrolysis of N-acyl bond under alkaline conditions.
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Scheme 5
A study for in vitro blood hydrolysis!4 of the above prodrugs was carried out. Some representative
data are shown in Table 1. The hydrolysis of some of the compounds (for instance amino esters 8) was very
fast, much more than that of fosphenytoin. Lower hydrolysis rates were observed from the carboxylate salts 3.
Since phenytoin is used for treating seizures requiring a high blood level of the drug to be reached quickly,
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these new products are potentially useful and advantageous as anticonvulsivant and antiarrhythmic agents.
Complete pharmacokinetic data of in vitro and in vivo hydrolysis will be reported in due time.

Table 1. % Hydrolysis (Mean £ SD) of Phenytoin Prodrugs in Whole Blood.!4

Prodrug Time (min)
0.5 2.0 7.0 15.0 60.0 180.0

3a.Nasalt | 25.68+2.64 42421+4.69 52761468 5587+1.71 59591423 69.17+4.01
3b.Nasalt | 1498+2.67 2674£2.10 36.88%+197 3721%1.09 39.63+2.17 45.15%3.37

fosphenytoin | 7.95+1.52 11.63£1.80 2497+4.42 4542+698 87.49+11.89 95.30+9.75

8e.HCI 4025+720 96.52+£7.15 97.53+491¢a - - -
8f.HCI 28.70+£4.23 80.13£7.75 90.98+7.82¢ 93.64+643 99.30%1.20 -

45 min instead of 7 min

Acknowledgment: We gratefully acknowledge financial support of this work by the CIRIT (Project RDIT 92-
1379), Catalunya. T.R. thanks also to the CIRIT for Grant RE93-13. Financial support from Laboratorios
Rubié S.A. is gratefully acknowledged.

References and Notes

l.
2.

For a review, see: Pop, E.; Brewster, M. E.; Bodor, N. Drugs Future 1991, 16, 221.

(a) Nakamura, K.; O'Hashi, K.; Nakatsuji, K.; Hirooka, T.; Fujimoto, K.; Ose, S. Arch. Int. Pharmacodyn. Ther.
1965, 156, 261. (b) Ogiso, T.; Iwaki, M.; Tanino, T.; Muraoka, O.; Tanabe, G. Biol. Pharm. Bull. 1993, 16, 1025.
Bundgaard, H.; Johansen, M. Int. J. Pharm. 1980, 7, 129.

(a)‘ Bundgaard, H.; Falch, E.; Jensen, E. J. Med. Chem. 1989, 32, 2503. (b) Bundgaard, H.; Falch, E. WO Patent
9008128, 1990; Chem. Abstr. 1991, 114, 228552.

(a) Stella, V. J. U. S. Patent 4,260,769, 1981. (b) Varia, S. A.; Schuller, S.; Sloan, K. B.; Stella, V. J. J. Pharm. Sci.
1984, 73, 1068. (c) Varia, S. A; Schuller, S.; Stella, V. I. J. Pharm. Sci. 1984, 73, 1074. (d) Varia, S. A; Stella, V.
J. J. Pharm. Sci. 1984, 73, 1080. (e) Varia, S. A; Stella, V. J. J. Pharm. Sci. 1984, 73, 1087. (f) Stella, V. J;
Martodihardjo, S.; Terada, K.; Rao, V. M. J. Pharm. Sci. 1998, 87, 1235.

(a) For a review, see: Stella, V. J. Adv. Drug Del. Rev. 1996, 19, 311. (b) Narisawa, S.; Stella, V. J. J. Pharm. Sci.
1998, 87, 926.

(a) Pop, E; Shek, E.; Murakami, T.; Bodor, N. J. Pharm. Sci. 1989, 78, 609. (b) Murakami, T.; Shek, E.; Pop, E;
Bodor, N. J. Pharm. Sci. 1989, 78, 732.

Dal Pozzo, A.; Acquasaliente, M. Int. J. Pharm. 1992, 81, 263.

Roca, T.; Bosch, J.; Domenech, J.; Obach, R.; Rubié, P. Eur. Patent 0,639,481 A1, 1996; Chem. Abstr. 1996, 124,
261078.

. English, A.; Girard, D.; Jasys, V. I.; Martingano, R. J.; Kellog, M. 8. J. Med. Chem. 1990, 33, 344.

. Nudelman, A.; McCaully, R. J.; Bell, S. C. J. Pharm. Sci. 1974, 63, 1880.

. Mrachkovskaya, L. B.; Turchin, K. F.; Yakhontov, L. N. J. Org. Chem. USSR (Engl. Transl.) 1975, 11, 409.

. Veibel, S.; Pedersen, C. Acta Chem. Scand. 1955, 9, 1674.

. Franz-type permeation cells were used. The receiving compartment was equipped with a magnetic stirrer and a

water recirculator to keep the system at 37 °C. Male Wistar albino rats weighing 200-275 g were used. The animals
were fasted for 20 h before the experiments, but were allowed water ad libitum. In order to avoid coprophagy, the
animals were placed in cages with a broad wire netting bottom. After anesthesizing the rat, blood was drawn by
cardiac puncture, and 4.5 mL were introduced in the receiving compartment. Then, the aqueous prodrug solution
(0.5 mL, 400 pg/mL) was added. Blood samples (0.5 mL) were taken at predetermined times and added to tubes
containing acetonitrile (1.5 mL), internal standard [SO uL, 5-(p-methylphenyl)-5-phenylhydantoin, 100 pg/mL],
and deionized water (50 pL). After stirring for 5 min, the samples were centrifuged (1310 g) at 4 °C for 10 min.
The supernatant (0.5 mL) was diluted with water (0.5 mL), and phenytoin and the prodrug in the resulting solution
were determined by HPLC. The hydrolysis percentages shown in Table 1 were the mean of five replicates.



