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Abstract

Several brain-targeting chemical delivery systems (CDS) based on a dihydropyridine == pyridinium salt-type
targetor were synthesized and evaluated for LY231617 (1), a di-tert-butylated phenolic amine antioxidant with
potential use in the treatment of brain injuries. The dihydropyridine moiety was chemically attached to the amine (by
either amide or various substituted carbamate linkages) or to the phenolic hydroxyl (by carboxylic ester linkage)
functionalities of LY231617. In vitro stability and in vivo tissue distribution studies (in the rat) were performed with
the novel derivatives. The results indicated that a simple amide-type CDS demonstrated efficient delivery of
LY231617-targetor conjugate to the CNS. This derivative which contains the intact pharmacophore might possess
intrinsic pharmacological antioxidant activity. Favorable in vitro properties suggested that a substituted carbamate-
type CDS might be a better delivery modality for LY231617.
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1. Introduction

Treatment of acute neurological disorders
which include head and spinal cord injury, is-
chemic and hemorrhagic stroke and brain damage
after cardiac arrest is a major goal of medicinal
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chemistry. Mechanisms which lead to tissue injury
in these circumstances and the corresponding
therapeutic interventions based on these mecha-
nisms are complicated and include: NMDA an-
tagonists, calcium channel blockers, inhibitors of
lipid peroxidation, corticosteroids, inhibitors of
arachidonic acid cascade, and diuretics (McCall
and Panetta, 1992). Since reactive oxygen species
(e.g. free radicals) are important in the pathogene-

0378-5173/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved

PIT S0378-5173(96)04554-1



34 E. Pop et al. | International Journal of Pharmaceutics 140 (1996) 33—44

sis of acute neurologic injury (Beckman et al.,
1989), the use of antioxidants in their treatment
has been considered (Hall, 1988; Martz et al.,
1989; McCall and Panetta, 1992). Phenols are
important antioxidants which have proven to be
effective in protecting the brain against cerebral
ischemia in animal models. A series of antioxi-
dants that contains the di-tert-butylated hydroxy-
toluene substructure has been recently evaluated
in models of cerebral ischemia (Clemens et al.,
1993). LY231617, the 2,6-bis (1,1-dimethylethyl)-
4-[[(1-ethyl)amino]methyl]phenol  hydrochloride
(1), has been reported as effective in protection
against CAl hippocampal damage when it is ad-
ministered either orally or intravenously 30 min
after global ischemia in rats (Beckman et al,,
1989; Clemens et al.,, 1993). Besides reducing
histopathological damage, LY231617 also pre-
served the functional electrophysiological integrity
of the hippocampal neuronal circuitry after is-
chemic insult. In spite of these promising proper-
ties, peripheral toxic side-effects such as
hypotensive and direct myocardial suppression
hamper the development of 1 as a successful
neuropharmacological agent.

The improvement of the therapeutic index of 1
would therefore be beneficial. In this context, a
dihydropyridine = pyridinium salt redox targe-
tor-based chemical delivery systems (CDS)
(Bodor, 1981, 1987) was applied. Indeed, this
redox system has been shown to enhance specific
accumulation of drugs in the central nervous sys-
tem (CNS) in the form of a quaternary salt
derivative which is rapidly eliminated from the
systemic circulation. As a result, many studies
have suggested that the dosage of a drug could be
lowered and toxic side-effects reduced while main-
taining or even potentiating the central effects
(Pop et al., 1990; Bodor and Brewster, 1991; Pop
and Bodor, 1992; Brewster et al., 1993).

The application of the CDS approach to
LY231617 has been examined. Since 1 contains
both amine and phenolic hydroxyl functionalities,
CDSs of various types can be configured by ap-
propriate structural manipulations. Synthesis and
evaluation of CDSs in which the redox targetor is
attached to the amino or to the hydroxy group
are discussed herein.

2. Materials and methods

2.1. Chemistry and supplies

Uncorrected melting points were determined
using an electrothermal melting-point apparatus
(Fisher Scientific). Elemental microcombustion
analyses were performed by Atlantic Microlabs,
Inc., Atlanta, GA. Ultraviolet (UV) spectra were
determined using a Hewlett-Packard 8451A diode
array spectrophotometer. Infrared (IR) spectra
were determined on a Perkin-Elmer FTIR spec-
trometer in KBr pellets or liquid film. Proton
nuclear magnetic resonance ('H NMR) spectra
were recorded on a Varian EM 300 (90-MHz)
spectrometer. Samples were dissolved in an ap-
propriate deuterated solvent and chemical shifts
were reported in parts per million (J) relative to
tetramethylsilane, the internal standard. Mass
spectra (MS) were recorded on a Kratos MS
80-RFA instrument. Fast atom bombardment
(FAB) ionization was performed via xenon beam
(6 KeV) impingement and the samples were dis-
solved in a glycerol or a 3-nitrobenzyl alcohol +
Nal matrix (CDSs), as described in the literature
(Prokai et al., 1989). Thin-layer chromatography
(TLC) was performed on EM Reagents DC-alu-
minum foil plates coated to a thickness of 0.2 mm
with silica gel 60 F,s, using various phases. All
chemicals were reagent grade. LY231617 was ob-
tained from Lilly Research Laboratories (Eli Lilly
and Company, Indianapolis, IN).

2.1.1. N-[(3,4-Di-tert-butyl-4-hydroxyphenyl)-
methyl]-N-ethyl-3-pyridinecarboxamide (2)

To a solution of 1 (3.0 g, 10 mmol) in dry
pyridine (30 ml) nicotinic anhydride (2.5 g, 11
mmol) was added by stirring and cooling at 0-
5°C and the resultant solution was stirred at
20-25°C for 18 h. The reaction mixture was
poured into water (1.2 1) and the precipitated
white solid was filtered off and washed thor-
oughly with water. After drying in a vacuum oven
(70°C, 25-30 mm Hg), 2.4 g (65% yield) of 2 was
obtained, mp 95-95°C; Rf (EtOAc): 0.3; MS
(FAB) [M-H] " m/z: 369; UV,_,, (MeOH): 222,
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270 nm; 'H NMR (CDCl,): ¢ 1.10 (t, 3H, CH,);
1.45 (s, 18H, t-Bu); 3.10-3.40 (m, 2H, CH,-CH,);
4.40 (m, 2H, Ar-CH,), 5.10 (s, 1H, OH); 6.90 (s,
2H, CH,), 7.20 (m, 1H, pyridine C-5 proton),
7.60 (d, 1H, pyridine C-4 proton), 8.50-8.60 (m,
2H, pyridine C-6 and C-2 protons).

Anal. — Calc. for C,3H;,N,O0,: C, 74.96; H,
8.75; N, 7.60. Found C, 74.88; H, 8.78; N, 7.57.

2.1.2. 3-[N-[(3,5-Di-tert-butyl-4-hydroxyphenyl)
methyl]-N-ethyljcarbamoyl]- 1 -methyl pyridinium
iodide (3)

To a solution of 2 (2.3 g, 6.25 mmol) in dry
nitromethane (30 ml), methyl iodide (5.7 g, 2.5 ml,
40 mmol) was added and the mixture was stirred
at 20-25°C for 48 h (TLC indicated complete
reaction). The solvent was removed in vacuo and
the residue slurried with ether, filtered, dried, then
crystallized from acetone/hexane and dried in a
vacuum oven to provide 2.96 g (93%) of 3 as an
off-white solid, mp 211-14°C, Rf (EtOAc): 0; MS
(FAB) C* m/z: 383, UV .. (MeOH): 194, 274
nm; '"H NMR (CDCl;): é 1.15 (t, 3H, CHy), 1.60
(s, 18H, t-Bu), 3.40 (q, 2H, CH,-CH,), 4.40 (m,
5H, Ar-CH,, N-CH,), 5.20 (s, 1H, OH), 6.90 (m,
2H, C,H,), 8.20 (m, 2H, pyridinium C-4 and C-5
protons), 8.90 (m, 1H, pyridinium C-6 proton),
9.40 (s, 1H, pyridium C-2 proton).

Anal. — Calc. for C,,H;5sIN,O,: C, 56.47; H,
6.91; I, 24.86; N, 5.49. Found C, 56.41; H, 6.95; 1,
24.92; N, 547.

2.1.3. 1,4-Dihydro-1-methyl-N{[[(3,5-di-tert-butyl-
4-hydroxyphenyl)methyl]-N-ethyl]-3-pyridinecar-
boxamide (4)

To a solution of 3 (1.5 g, 2.9 mmol) in deaer-
ated water (100 ml) and ethyl acetate (75 ml), a
mixture of sodium bicarbonate (1.5 g, 17.4 mmol)
and sodium dithionite (2.05 g, 11.6 mmol) was
added by stirring at 0.5°C. The system was main-
tained under a nitrogen stream and was stirred for
5 h. The organic layer was separated and the
aqueous layer extracted with ethyl acetate (2 x
50 ml). The combined organic layers were washed
with cold deaerated water (2 x 50 ml) and cold
deaerated brine (2 x 50 ml), dried over MgSO,
then filtered over silica gel and evaporated under
reduced pressure to give 0.66 g (59%) of a yellow

solid 4. Rf: 0.3 (EtOAc), MS (FAB) [M-Na]*
m/z: 407; UV, (MeOH): 220, 280, 348 nm; 'H
NMR (CDClL,): § 1.15 (t, 3H, CH,), 1.45 (s, 18H,
t-Bu), 2.80 (s, 3H, N-CH,), 3.15 (s, 2H, pyridine
C-4 protons), 3.35 (q, 2H, CH,-CH.), 4.65 (s, 3H,
Ar-CH, + pyridine C-5 proton), 5.15 (s, 1H,
OH), 5.70 (d, 1H, pyridine C-6 proton), 6.10 (s,
1H, pyridine C-2 proton), 7.05 (s, 2H, C¢H,).
Anal. — Calc. for C,,H;N,0,: C, 74.96; H,
9.44; N, 7.29. Found C, 75.26; H, 9.73; N, 7.38.

2.1.4. Chloromethyl N-[(3,5-Di-tert-butyl-4-
hydroxyphenylmethyl]-N-ethyl] carbamate (5a)

To a solution of 1 (3.0 g, 10 mmol) in chloro-
form (20 ml), triethylamine (2.23 g, 3.07 ml, 22
mmol) then, by cooling at 0-5°C and stirring,
chloromethyl chloroformate (1.29 g, 10 mmol)
dissolved in chloroform (10 ml) was added. After
stirring for 75 min, the solution was extracted
with water, 1 N hydrochloric acid, water and
brine and dried on Na,SO,. The solvent was
removed in vacuo to provide 2.06 g (57%) of 5a as
an off-white solid, mp 87-90°C, Rf (EtOAc):
0.63; MS (FAB) [M-H]* m/z: 355, UV,
(MeOH): 210, 278 nm; '"H NMR (CDCl,): ¢ 1.15
(m, 3H, CH,-CH,;), 1.40 (s, 18H, t-Bu), 3.20-3.40
(m, 2H, CH,-CH,;), 4.40 (bs, 2H, Ar-CH,), 5.80
(s, 2H, OCH,0), 7.10 (d, 2H, C,H,).

Anal. — Calc. for C,4H,,CINO;: C, 64.12; H,
8.50; Cl, 9.95; N, 3.94. Found C, 64.14; H, 8.55;
Cl, 9.92; N, 3.89.

2.1.5. (+ )-1-Chloroethyl N-[[(3,5-Di-tert-butyl-
4-hydroxyphenyl)methyl]-N-ethyljcarbamate (5b)

To a solution of 1, HCI (1.50 g, 5 mmol) and
triethylamine (1.21 g, 12 mmol) in chloroform (20
ml) 1-chloroethyl chloroformate (0.86 g, 6 mmol)
in chloroform (5 ml) was added at ice cooling.
The solution was stirred for 0.5 h at ice cooling
and then for 3 days at room temperature. The
solution was washed with water, 1 N hydrochloric
acid and with water, dried (MgSQ,), and evapo-
rated in vacuo to provide 1.78 g (96%) pure 5b as
an oil. Rf (cyclohexane/triethylamine, 8:2). 0.64;
MS (FAB) [M-H]* m/z: 370; '"H NMR (CDCl;):
6 1.15 (t, 3H, CH;-CH,), 1.45 (s, 18H, t-Bu), 1.80
(d, 3H, CH;-CH), 3.10-3.40 (m, 2H, CH,-CH,),
4.40 (bs, 2H, Ar-CH,), 5.20 (s, 1H, OH), 6.70 (q,
1H, CH), 7.05 (s, 2H, C,H,).
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Anal. — Calc. for C,,H;,CINO,: C, 64.93; H,
8.72; Cl, 9.58; N, 3.79. Found C, 65.21; H, 8.94;
Cl, 9.39; N, 4.01.

2.1.6. [[N-[(3,5-Di-tert-butyl-4-hydroxy-
phenyl)methyl]-N -ethyl]-aminocarbonyloxy Jmethy!
3-pyridinecarboxylate (6a)

To a solution of 5a (1.8 g, 5 mmol) in dimethyl-
formamide (DMF) (20 ml) was added a solution
prepared from nicotinic acid (0.7 g, 6 mmol) and
triethylamine (0.6 g, 0.83 ml, 6 mmol) in DMF
(10 ml). The mixture was stirred at 20-25°C for 5
days, then ethyl acetate (200 ml) was added and
the precipitated salts were filtered off. The solu-
tion was washed with water (4 x 50 ml) and
brine (4 x 10 ml), dried (MgSO,) and evaporated
in vacuo to give 2 g of a viscous solution. The
product was purified by column chromatography:
60 g silica gel Davisol grade 634, 100-200 Mesh,
60 A, eluent ethyl acetate (5-ml fractions col-
lected, the product was contained as fractions
22-28). By concentration, 1.7 g (77%) of colorless
oil resulted in 6a. Rf (EtOAc): 0.51; MS (FAB)
M-H1* m/z: 443 for C,;HyN,Os; UV, ..
(MeOH): 224, 266 nm; '"H NMR (CDCl,): 1.05—
1.19 (m, 3H, CH,-CH,), 1.47 (s, 18H, t-Bu), 3.24-
3.34 (q, 2H, CH,-CH,), 4.40 (d, 2H, ArCH,), 5.20
(s, 1H, OH), 6.10 (s, 2H, OCH,0), 7.05 (d, 2H,
C¢H,), 7.41 (¢, 1H, pyridine C-5 proton), 8.34 (d,
1H, pyridine C-4 proton), 8.81 (d, 1H, pyridine
C-6 proton), 9.28 (s, 1H, pyridine C-2 proton).

2.1.7. (#+)-1-[[N-[(3,5-Di-tert-butyl-4-hydroxy-
phenyDmethyl)]-N-ethyl]-aminocarbonyloxyJ-ethyl
3-pyridinecarboxylate (6b)

A solution of 5b (1.78 g, 4.8 mmol) in dimethyl-
formamide (7.5 ml) was added to a solution pre-
pared from nicotinic acid (0.71 g, 5.8 mmol) and
triethylamine (0.58 g, 5.8 mmol) in dimethylfor-
mamide (7.5 ml). The mixture was stirred for 40 h
at room temperature then evaporated in vacuo.
The residue was treated with ethyl acetate (50 ml)
then washed with aqueous sodium chloride solu-
tion (3 x 25 ml), dried, (MgSO,), decolorized
with activated carbon, and evaporated in vacuo.
The residue (1.57 g) was purified by column chro-
matography on silica gel (200 g, cyclohexane/di-
ethylamine 8:2 v/v, Rf: 0.47) to give 0.89 g (41%)

of pure 6b as a viscous, light brown oil. MS
(FAB) [M-H]" m/z: 457 for C,(H;xN,O5: 'H
NMR (CDCl,): 6 1.05 (t, 3H, CH;-CH), 1.40 (s,
18H, t-Bu), 1.65 (d, 3H, CH;-CH,), 3.10-3.40 (m,
2H, CH;-CH,), 4.30 (s, 2H, Ar-CH,), 5.10 (s, 1H,
OH), 7.00 (s, 2H, C¢H,), 7.00-7.40 (m, 2H, CH
+ pyridine C-5 proton), 8.20 (d, 1H, pyridine C-4
proton), 8.70 (d, 1H, pyridine C-6 proton), 9.10
(s, 1H, pyridine C-2 proton).

2.1.8. [[N-[(3,5-Di-tert-butyl-4-hydroxyphenyl)-
methyl]-N-ethyl]-aminocarbonyloxy]-methyl-6-
methyl-pyridine-3-carboxylate (6¢)

To a solution of Sa (1.24 g, 6 mmol) in
dimethylformamide (20 ml) was added a solution
prepared from triethylamine (0.98 g, 7.15 mmol)
in DMF (10 ml) by cooling at 0-5°C. The mix-
ture was stirred at 20—-25°C for 3 days, then ethyl
acetate (200 ml) was added and the precipitated
salts were filtered off. The solution was washed
with water (2 x 50 ml) and brine (2 x 50 ml),
dried (MgSQO,) and evaporated in vacuo to give
2.1 g (77%) of viscous oil. The purity of the
product permitted its use in the following step of
the synthesis: Rf (EtOAc): 0.54 MS (FAB) [M-
H]™ m/z: 457 for C,sH3;sN,O;: 'H NMR
(CDCl,): 6 1.05-1.19 (m, 3H, CH,-CH,), 1.47 (s,
18H, t-Bu), 2.58 (s, 3H, pyridine 6-CH;), 3.24-
3.34 (q, 2H, Ar-CH,), 440 (m, 2H, CH,-CH,),
5.20 (s, 1H, OH), 6.10 (s, 2H, OCH,0), 7.00 (d,
2H, C,H,), 7.20 (d, 1H, pyridine C-5 proton), 8.20
(d, 1H, pyridine C-4 proton), 9.15 (s, 1H, pyridine
C-2 proton).

2.1.9. 3-[[[1-[N-[(3,5-Di-tert-butyl-4-hydroxy-
phenyl)methyl]-N-ethyl]-aminocarboxyloxy]
methoxy Jcarbonyl]- 1-methylpyridinium iodide (7a)

To a solution of 6a (1.15 g, 2.6 mmol) in
nitromethane (20 mi), methyl iodide (2.28 g, 1.5
ml, 1.6 mmol) was added and the mixture was
stirred for 3 days at 25-30°C. The solvent was
removed in vacuo and the residue was stirred with
ether, filtered, rinsed with ether and dried provid-
ing 1.35 g (89%) of 7a as a yellow solid, mp
113-115°C (dec); Rf (EtOAc): 0; MS (FAB) C*
m/z: 457, UV, (MeOH): 222, 279 nm; 'H NMR
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(CDCl,) o: 1.05-1.20 (m, 3H, CH,-CH,), 4.70 (s,
3H, N-CH;), 5.10 (s, 1H, OH), 6.10 (s, 2H,
OCH,0), 7.05 (s, 2H, CH,), 8.30 (d, 1H, pyri-
dinium C-5 proton), 8.90 (d, 1H, pyridinium C-4
proton), 9.35 (s, 1H, pyridinium C-2 proton), 9.75
(d, 1H, pyridinium C-6 proton).

Anal. — Calc. for C,qH;,IN,O5: C, 53.43; H,
6.38; 1, 21.71; N, 4.79. Found C, 53.18; H, 6.44; 1,
21.94; N, 4.76.

2.1.10. ( + )-3-[[1-[[N-[(3,5-Di-tert-butyl-
4-hydroxyphenyl)methyl]-N-ethyl]-amino-
carbonyl-oxyJethoxyJearbonyl]- 1-methylpyridinium
iodide (7b)

A solution of 6b (0.89 g, 1.95 mmol) in ni-
tromethane (10 ml) was reacted with methyl io-
dide (1.11 g, 7.8 mmol, 0.49 ml) at room
temperature for 6 days. The solvent was removed
in vacuo and the residue was crystallized from
dichloromethane to provide 0.88 g (75%) of 7b as
yellow powder, mp 160-163°C (decomp). By re-
crystallization from 2-propanol/ether, pure com-
pound was obtained: mp, 165-167°C (decomp)
Rf (EtOAc): 0; MS (FAB) C* m/z: 471; 'H
NMR (CDCly): 6 1.10 (t, 3H, CH,-CH,,), 1.40 (s,
18H, t-Bu), 1.60-1.80 (m, 3H, CH;-CH), 3.30 (q,
2H, CH;-CH,), 4.00-4.60 (m, 2H, Ar-CH,), 4.70
(s, 3H, CH,-N7), 5.10 (s, 1H, OH), 6.90 (s, 2H,
C¢H,). 7.10 (q, 1H, CH), 8.30 (t, 1H, pyridinium
C-5 proton), 8.80 (d, 1H, pyridinium C-4 proton),
9.25 (s, 1H, pyridinium C-2 proton), 9.70 (d, 1H,
pyridinium C-6 proton).

Anal. — Calc. for C,;H,IN,Os 1.6% H,0: C,
53.31; H, 6.64; 1, 20.86; N, 4.61. Found C, 53.30;
H. 6.65; 1, 20.80; N, 4.60.

2.1.11. 3-f[[1-[N-[(3,5-Di-tert-butyl-4-hydroxy-
phenyl)methyl]-N-ethyl]-aminocarbonyloxy]
methoxyJearbonyl]-1,6-dimethylpyridinium iodide
(7c)

A solution of 6¢ (2 g, 4.4 mmol) and methylio-
dide (7.6 g, 5 ml) in nitromethane (60 ml) was
heated at 60-70°C for 6 h. The solvent was
removed in vacuo and the residue was stirred with
ether, filtered, rinsed with ether and dried, provid-
ing 2.3 g (87%) of 7c¢ as a yellow solid. Rf
(EtOAc): 0; MS (FAB) C* m/z: 471; UV, .,
(MeOH) 208, 222, 274 nm; 'H NMR (CDCl,) ¢

1.05-1.20 (m, 3H, CH,-CH,), 1.45 (s, 18H, t-Bu),
3.15 (s, 3H, pyridine 6-CH,), 3.20-3.30 (q, 2H,
CH,-CH;), 4.40 (s, 2H, Ar-CH,), 4.50 (s, 3H,
N*-CH;), 5.15 (s, 1H, OH), 6.10 (s, 2H,
OCH,0), 7.00 (d, 2H, C,H,), 8.20 (d, 1H, pyri-
dinium C-5 proton), 8.75 (d, 1H, pyridinium C-4
proton), 9.40 (s, 1H, pyridinium C-2 proton).

Anal. — Calc. for C,;H3,IN,O4: C, 54.18; H,
6.57; 1, 21.20; N, 4.68. Found C, 54.40; H, 6.81; I,
21.08; N, 4.52.

2.1.12. [[N-[(3,5-Di-tert-butyl-4-hydroxyphenyl)-
methyl]-N-ethyl]-aminocarbonyloxy Jmethyl
1,4-dihydro - 1-methyl-3-pyridinecarboxylate (8a)
By reducing 7a (1 g, 1.7 mmol) dissolved in
water (50 ml) and ethyl acetate (100 ml), with
sodium bicarbonate (0.84 g, 10.2 mmol) and
sodium dithionate (1.17 g, 6.8 mmol) (50 min at
0-5°C), 0.7 g (90%) of 8a resulted, as a yellow
hygroscopic solid, Rf (EtOAc): 0.64 MS (FAB)
[M-Na]* m/z: 481 for C,cH;sN,Os UV,
{MeOH): 220, 270, 362 nm. '"H NMR (CDCL): ¢
1.15 (t, 3H, CH,-CH,), 1.45 (s, 18H, t-Bu), 2.90
(s, 3H, N-CH,), 3.15 (bs, 2H, pyridine C-4 pro-
tons), 3.35 (q, 2H, CH,-CH,), 4.35 (s, 3H, Ar-
CH, + pyridine C-5 proton), 5.15 (bs, 1H, OH),
5.80 (d, 1H, pyridine C-6 proton), 6.10 (s, 1H,
pyridine C-2 proton), 7.05 (s, 2H, CH,).

2.1.13. (£ )-1-[[N-[(3,5-Di-tert-butyl-4-hydroxy-
phenylmethyl]-N-ethyl]-aminocarbonyl-oxyJethy!
1,4-dihydro- 1-methyl-3-pyridinecarboxylate (8b)
To a solution of 7b (0.12 g, 0.2 mmol) in a
mixture of toluene (20 ml) and water (10 ml) that
was cooled to 1°C and deaerated by purging
nitrogen (30 min), a mixture of sodium dithionite
(0.139 g, 0.8 mmol) and sodium bicarbonate
(0.101 g, 1.2 mmol) was added. The mixture was
stirred in the same conditions for 10 h, and the
layers were separated. The organic layer was
washed with ice-cold deaerated water, dried over
magnesium sulfate and evaporated in vacuo at
30°C, giving 0.089 g (94%) of 8b as a pale brown
glasslike material, Rf (cyclohexane/ethyl acetate
I:1): 0.66; MS (FAB) [M-Na]* m/z: 495 for
C,;H, N,O5;, '"H NMR (CDCl,): 6 1.10 (t, 3H,
CH,-CH,), 1.40 (s, 18H, t-Bu), 1.50 (d, 3H, CH,-
CH), 2.85 (s, 3H, CH;-N), 3.00-3.50 (m, 4H,
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CH;-CH, + pyridine C-4 protons), 4.35 (s, 2H,
Ar-CH,), 4.60-4.85 (m, 1H, pyridine C-5 proton),
5.10 (s, 1H, OH), 5.60 (d, 1H, pyridine C-6 pro-
ton), 6.90-7.25 (m, 1H, CH), 7.00 (s, 3H, C,H,
+ pyridine C-2 proton).

2.1.14. [[N-[(3,5-Di-tert-butyl-4-hydroxyphenyl)-
methyl]-N-ethyl]-aminocarbonyloxy] methyl
L4-dihydro-1,6-dimethyl-3-pyridinecarboxylate
(8¢c)

By reducing 7¢ (0.6 g, 1 mmol) dissolved in
water (60 ml) and ethyl acetate (60 ml) with
sodium bicarbonate (0.6 g, 7 mmol) and sodium
dithionite (0.7 g, 4 mmol) (45 min, at 0-5°C), 0.4
g (85%) of 8¢ resulted as a yellow solid. Rf
(EtOAc): 0.67; MS (FAB) [M-Nal* m/z: 495
for C,;H,oN,Os; UV, .. (MeOH); 222, 274, 360
nm, 'H NMR (CDCly): § 1.05-1.20 (m, 3H,
CH,-CH;), 145 (s, 18H, t-Bu), 1.80 (s, 3H,
pyridine 6-CH,), 2.90 (s, 3H, N-CH,), 3.15 (bs,
2H, pynidine C-4 protons), 3.25 (q, 2H, CH,-
CH,), 4.35 (s, 3H, Ar-CH, + pyridine C-5
proton), 5.15 (s, 1H, OH), 5.80 (s, 2H, OCH,0),
7.05 (d, 2H, C,H,), 7.10 (s, 1H, pyridine C-2
proton).

2.1.15. Benzyl N-[(3,5-Di-tert-butyl-4-hydroxy-
phenylmethyl]-N -ethylcarbamate (9)

To a solution of 1 N HC! (1.50 g, 5 mmol) and
triethylamine (1.26 g, 12.5 mmol) in ethanol-free
chloroform (20 ml), benzyl chloroformate (1.13 g,
6.6 mmol) in ethanol-free chloroform (5 ml) was
added at 0-5°C. The solution was stirred for 1 h
at 0-5°C and then for 4 days at room tempera-
ture. The solution was washed with water (5 ml),
1 N hydrochloric acid (2 x 5 ml) and water (2 x
5 ml), dried over MgSO,, and evaporated in
vacuo to provide 1.97 g (99%) of 9 as a viscous
oil; Rf: (cyclohexane/triethylamine 9:1) 0.53:
MS (FAB) [M-H]* m/z: 398 for C,sH;sNOjs;
IR (liquid film): em ~' 3660 (OH, sharp), 2980
(CH,), 1700 (C = 0), 1160 (C-O-C), 770 (phenyl);
'H NMR (CDCly): 6 1.10 (1, 3H, CH,-CH,),
1.40 (s, 18H, t-Bu), 3.25 (q, 2H, CH,-CH,),
4.35 (s, 2H, Ar-CH,-N), 5.05 (s, 1H, OH), 5.15 (s,
2H, CH,-0), 6.95 (s, 2H, C,H,), 7.30 (s, SH,
CsHy).

2.1.16. Benzyl N-[(3,5-Di-tert-butyl-4-nicotin-
oyloxyphenyl)methyl]-N -ethyl-carbamate (10)-

To a mixture of 9 (1.65 g, 4.15 mmol), tetra-
butylammonium hydrogen sulfate (0.1 g),
dichloromethane (35 ml), and powdered sodium
hydroxide (1.66 g, 4.15 mmol), freshly prepared
nicotinoyl chloride hydrochloride (1.77 g, 9.96
mmol) were added under argon in five portions
over 20 min at room temperature. After 3 h of
vigorous stirring, the salts were filtered and
rinsed with methylene chloride (2 x 5 ml), then
the solution was evaporated in vacuo. The
residue (1.91 g) was purified by column chro-
matography on silica gel (200 g, hexane: iso-
propanol 9:1 v/v, Rf: 0.31) to provide 0.81 g
(39%) of pure 10 as a viscous oil. IR (liquid
film): cm —! 3750-3100 (broad, moisture), 2960
(CHy), 1760 (C =0, ester), 1700 (C=0, ure-
thane), 1180 (C-O-C), 740 (phenyl); MS (FAB)
[M-H]* m/z: 503 for C;H3N,Op 'H NMR
(CDCl;): ¢ 1.10-1.14 (m, 21H, CH;-CH, + t-
Bu), 3.40 (g, 2H, CH;-CH,), 4.50 (s, 2H, N-
CH,-Ar), 5.20 (s, 2H, CH,-0), 7.20 (s, 2H,
CeH,), 7.30 (s, 5H, C¢Hy), 7.40-7.55 (dd, 1H,
pyridine C-5 proton), 8.45 (dd, 1H, pyridine C-4
proton), 8.85 (dd, 1H, pyridine C-6 proton),
9.40 (s, 1H, pyridine C-2 proton).

2.1.17. 3-[2,6-Di-tert-butyl-4-((N-benzyloxycar-
bonyl-N-ethyl)-aminomethyl)-phenoxy -carbonyl]-
I-methylpyridinium iodide (11)

To a solution of 10 (0.428 g, 0.85 mmol) in
nitromethane (4.5 ml), methyl iodide (1.21 g, 0.53
ml, 8.5 mmol) was added and the mixture was
heated at 75-77°C for 6 h. The solvent was then
removed in vacuo and the residue was treated
with ether (4 x 5 ml) and then dried at 40°C (2
mm Hg), affording 0.503 g (92%) of 11 as a pale,
yellow foam. Rf: (MeOH/EtOAc, 9:1) 0.34; 'H
NMR (CDCl;): 6 1.15 and 1.30 (t and s, over-
lapped, 21H, CH;-CH, and t-Bu), 3.40 (q, 2H,
CH,-CH,), 4.45 (s, 2H, N-CH,-Ar), 4.80 (s, 3H,
N*-CH,), 5.20 (s, 2H, O-CH,), 7.20 (s, 2H,
C¢H,), 7.30 (s, 5H, C,H;), 8.50 (dd, 1H, pyri-
dinium C-5 proton), 9.05 (d, 1H, pyridinium C-4
proton), 9.40 (s, 1H, pyridinium C-2 proton),
10.05 (d, 1H, pyridinium C-6 proton).
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Anal. — Calc. for C5;,H,IN,O4 C, 59.63; H,
6.41; 1, 19.69; N, 4.35. Found C, 59.92; H, 6.58;
I, 19.75; N, 4.22.

2.1.18. 3-[2,6-Di-tert-butyl-4-ethylaminomethyl-
phenoxycarbonyl]- 1-methyl-pyridinium iodide
hydrobromide (12)

To a solution of 11 (0.465 g, 0.72 mmol) in
dry methylene chloride (10 ml), a 0.5 M solu-
tion of hydrogen bromide (7.2 ml, 3.6 mmol) in
dry methylene chloride was added over 30 min
at room temperature by stirring. After 4 h the
crystalline product was filtered, washed with dry
methylene chloride (3 x 2 ml) and dried in
vacuo providing 0.413 g (97%) of 12 as light
yellow crystals; mp: 245-247°C (decomp); Rf:
(MeOH/AcOH 9:1) 0.26; 'H NMR (CDCl, +
DMSO-d;): 0 1.35 and 1.45 (s and t, over-
lapped, 21 H, t-Bu and CH;-CH,), 2.95-3.30
(m, 2H, CH,-CH,), 4.00-4.25 (m, 2H, CH,-Ar),
4.75 (s, 3H, N*-CH,), 7.70 (s, 2H, C¢H,), 8.45
(dd, 1H, pyridiam C-5 proton), 9.05-9.50 (m,
3H, N H, and pyridinium C-4 proton), 9.70 (d,
IH, pyridinium C-6 proton), 9.85 (s, 1H, pyri-
dinium C-2 proton).

Anal. — Calc. for C,,H;,BrIN,O,: C, 48.72;
H, 6.14; Br (total halogen), 27.02; N, 4.74.
Found C., 49.01; H, 6.23; Br (total halogen),
26.85; N, 4.53.

2.1.19. 2,6-Di-tert-butyl-4-ethylaminomethyl-
phenyl 1,4-dihydro-1-methyl-3-pyridinecarboxy-
late (13)

To an ice-cooled solution of 12 (0.367 g,
0.623 mmol) in a mixture of water (15 ml) and
ethyl acetate (30 ml) deaerated by purging ar-
gon, a mixture of sodium dithionite (0.434 g,
2.49 mmol) and sodium hydrogen carbonate
(0.366 g, 4.36 mmol) was added. The mixture
was stirred in the same conditions for 1 h, the
layers separated and the aqueous layer was ex-
tracted with ethyl acetate (5 x 25 ml), a mix-
ture of ethyl acetate and dichloromethane (8:2
viv, 3 x 25 ml), and ethyl acetate (2 x 15
ml). The combined layers were washed with ice-
cooled deaerated water (25 ml), dried over
MgSO, and evaporated in vacuo at room tem-
perature. The residue was treated with dry ether

(2 x S5 ml) and dried (2 mmHg) at room tem-
perature to provide 0.174 g (73%) of pure 13 as
a yellow solid. Rf (benzene-triethylamine 9:1 v/
v): 040, MS (FAB) [M-H]* m/z: 385 for
C,,H;\N,O,; UV,_,, (MeOH): 206, 366 nm; 'H
NMR (CDCl,): 6 1.10-1.45 (m, 21H, CH;-CH,
and t-Bu), 2.75 (q, 2H, CH;-CH,), 2.95 (s, 3H,
N-CH;), 3.15-3.35 (m, 2H, pyridine C-4 pro-
tons), 3.80 (s, 2H, Ar-CH,), 4.80 (dd, 1H,
pyridine C-5 proton), 5.70 (d, 1H, pyridine C-6
proton), 7.10 (s, 1H, pyridine C-2 proton), 7.35
(s, 2H, C¢H,).

2.2, Analytical methodology

High performance liquid chromatography
(HPLC) was used for quantitative analysis of
the various dihydropyridines, pyridinium salts
and LY231617. The HPLC system included a
SpectraPhysics Model SP8800 ternary solvent
pump, a SpectraPhysics Model SP 8490 variable
wavelength detector, a SpectraPhysics Model SP
4270 integrator and a SpectraPhysics Model SP
8780 refrigerated autosampler. Analysis was
completed using an Alltech Spherisorb C8, 5
uM particle size, 25 cm x 4.6 mm i.d. analyti-
cal column. The mobile phase consisted of 75:25
acetonitrile: 0.05 M KH,PO, buffer and the
flow rate was 1.0 ml/min. All analyses were con-
ducted at 5°C temperature to avoid degradation
and analytes were detected at 274 (LY231617),
268 (quaternary salts) and 366 nm (CDS), re-
spectively. Using the system described above,
LY231617 eluted with a retention time of 5.9
min. Compounds 3, 7a, 8a and 12 eluted with
retention times of 6.8, 8.4, 12.5 and 6.7 min,
respectively. For the analysis of compounds 7¢
and 8¢, the mobile phase consisted of 75:25 ace-
tonitrile: 0.05 M KH,PO,; 5 ymol/l 1-hexanesul-
fonic acid Na salt (0.94 g/l), LY231617 and 7¢
was detected at 274 nm (retention times: 7.5 and
10 min, respectively) while 8¢ was detected at
360 nm (retention time: 7.5 min). Quantitations
were performed by external calibration stan-
dards over a concentration range of 0.05-100
ng/ml. Calibration curves were linear over the
range of concentrations examined (r = 0.999).
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2.3. In vitro stability studies

The stability of the dihydropyridines 8a, 8¢ and
the quaternary salts 7¢ and 12 was determined in
several biological matrices including 20% rat
brain and liver homogenates and 50% rat blood.
Homogenates were prepared using freshly har-
vested tissues from male Sprague—Dawley rats.
One gram of brain or liver was homogenized with
isotonic phosphate buffer to produce a 20% w/v
homogenate. One millilitre of freshly obtained
trunk blood was diluted with 1 ml of isotonic
phosphate buffer. The matrices were then equili-
brated for 5 min in a Dubenoff shaking water
bath which was thermostated to 37°C. Solutions
of various compounds (5 x 1073 M in dimethyl-
sulfoxide) were then added to the matrices pro-
ducing an initial (¢ = 0) concentration of 50 £ M.
At various times subsequent to compound addi-
tion, 200 ul of the matrix were removed and
diluted with 800 ul of ice-cold acetonitrile. The
system was then centrifuged (7 min) at 12000 x
g in a Beckman Microfuge 12. The supernatant
was then transferred to the autosampler vials and
the rate of disappearance determined by HPLC.

2.4. In vivo distribution studies

CDSs 4 and 13 were tested in vivo for their
ability to deliver the parent compound to the
CNS. Test compounds were administered by the
tail vein to conscious, restrained Sprague—Dawley
rats weighing 200-225 g (Harlan Sprague Daw-
ley, Inc., Indianapolis, IN). Rats were housed in a
climate-controlled vivarium (temperature 22 +
2°C, humidity 40--65%, lights on 07:00—19:00 h)
for 1 week prior to the study. The drug vehicle
was DMSO and the amount administered was
maintained at 0.5 ml/kg. After several prescribed
periods of time (5 min, 15 min, 30 min, 1 h, 2 h,
4 hand 6 h, for 4, 15 min and 1 h for 13), animals
were sacrificed by rapid decapitation. For each
compound and at each time point, five animals
were used. Trunk blood and various tissues in-
cluding brain and liver were collected, weighed
and frozen on dry ice. All tissues were frozen
within 90 s of sacrifice.

In preparing samples for analysis, 1 ml of blood
and approximately 1 g of other preweighed tissues
were homogenized with 1 ml of phosphate buffer
using a Polytron Model PT-1200C homogenizer.
The homogenate was then deproteinated with 4
ml of ice-cold acetonitrile and the system vor-
texed. Concentrated brine (1.0 ml) was then added
to the resulting suspension and the system was
mixed and allowed to settle at 20°C for 2 h. The
organic phase which separated under these condi-
tions, was then removed, filtered through a 0.45-
um membrane and placed in HPLC autosampler
vials for analysis. Sample stability was assessed
during the storage conditions and no degradation
was observed. A standard curve was prepared in
the appropriate tissue homogenates for quantita-
tion determination.

3. Results and discussion

The synthetic procedures used to manipulate
the amino functionality of LY231617 are summa-
rized in Schemes 1 and 2. By reacting 1 with
nicotinic anhydride in pyridine in mild conditions
(0-25°C), the nicotinamide 2 resulted. The hin-
dered phenolic hydroxyl group was inert in these
conditions. N-Alkylation of 2 with iodomethane
in nitromethane provided the pyridinium quater-
nary salt derivative 3, which by reduction with
aqueous sodium dithionite in a biphasic solvent
system consisting of ethyl acetate and aqueous
sodium bicarbonate regioselectively (Eisner and

NN

HO o}
0
2

O 0O
pECaa®
1
lCH3I
Nag 8504

NS
-
HO oJ\(\J N

N
HO [e]
i e

4 Scheme | 3

Scheme 1. Synthesis of an amide-type CDS of LY231617.
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Scheme 2. Synthesis of substituted carbamate-type CDSs of
LY231617.

Kuthan, 1972) afforded the 1,4-dihydropyridine 4
(Scheme 1).

The synthesis of a series of CDSs in which the
dihydropyridine moiety is attached to the drug
through a hydrolytically labile, substituted carba-
mate linkage is described in Scheme 2. The
haloalkyl carbamate intermediates 5 were ob-
tained by acylation of 1 with haloalkyl chlorofor-
mates. By reacting 5 with the triethylammonium
salt of the nicotinic or 6-methyl nicotinic acids,
the carbonyloxyalkyl pyridine carboxylates 6éa—c
resulted. N-Methylation of 6a—c, followed by the
dithionite reduction of the resulting quaternary
salts 7a—c, yielded the CDSs 8a-c.

The synthesis of a CDS in which the redox
carrier 1s attached at the phenolic hydroxyl group
is described in Scheme 3. The more reactive
amino group of LY231617 was protected as a
benzyloxycarbonyl derivative 9, obtained by acy-
lation of the parent compound with benzyl chlo-
roformate in chloroform. The acylation of the
phenolic OH of 9 through the use of either nicoti-
nate anhydride or nicotinic acid in the presence of
dicyclohexylcarbodimide (DCC) as a dehydrating
agent failed. This likely occurred as a result of the

strong steric hinderance of the bulky tert-butyl
groups each ortho to the phenolic hydroxyl. By
using phase-transfer conditions (tetrabutylammo-
nium hydrogen sulfate [catalyst], methylene chlo-
ride and sodium hydroxide), 9 was acylated by
nicotinoyl chloride in poor yield. N-Methylation
of the phenyl nicotinate 10 in nitromethane re-
sulted in the quaternary salt 11. Deprotection of
10 with hydrogen bromide in dichloromethane
took place in quantitative yield, and the resulting
quaternary salt 12 was reduced with sodium
dithionite to produce the CDS 13. No migration
of the acyl group from the phenol to the amine
(intramolecular ‘transesterification’) was regis-
tered. As a proof, the methylene protons « to the
NH (NCH,CH; and Ph-CH,N) appear at ¢ 2.75
and 3.80 ppm, respectively in the '"H NMR spec-
tra of 13 while they are shifted downfield in the
spectra of the amides (e.g. 4) to ¢ 3.35 and 4.65
ppm, respectively.
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Scheme 3. Synthesis of a phenol ester-type CDS of LY231617.
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Table 1
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Concentration of compound 3 (pg/ml or pg/g) in various tissues after a 15.7 mg/kg dose of compound 4 given iv. to

Sprague—Dawley rats (n = 5)

Time (min) Blood (ug/ml + SEM) Brain (ug/g + SEM) Liver (ug/g + SEM)
0 0.00 0.00 0.00
5 255 + 0.25 476 + 0.37 19.9 + 4.50

15 175 + 0.17 6.48 + 1.13 717 £ 22

30 1.53 + 0.06 7.56 + 0.78 521 + 044

60 1.48 + 0.05 8.02 + 0.89 420 + 0.65

120 1.35 + 0.01 7.65 + 0.86 3.61 + 230

180 0.68 + 0.26 6.85 + 0.92 2.88 + 0.30

240 0.00 + 0.00 6.33 + 0.52 257 + 0.24

360 0.00 5.20 + 0.80 2.08 + 0.16

Note: No levels of 4 were detected in any of the samples.

The synthesized compounds were characterized
by elemental analysis, MS, UV and 'H-NMR
spectroscopy. Chromatographic techniques (TLC
and HPLC) indicated one major component ( >
97%) in each case. The dihydropyridines were
shown to be predominantly the 1,4-isomers (ab-
sorption at ~ 360 nm), accompanied by small
amounts of the 1,2 and 1,6 isomers. All dihy-
dropyridines could be converted to the corre-
sponding quaternary salts via methanolic silver
nitrate or H,O, in the presence of catalytic cupric
ions.

The in vivo evaluation of two simple delivery
systems, 4 (amide type) and 13 (phenolic type),
was first considered. The results of the tissue
distribution after administration of 4 to rat are
given in Table 1. The data show rapid conversion
of the dihydronicotinamide 4 to the correspond-
ing quaternary salt 3. No CDS 4 was detected in
the brain even at the first time-point of the deter-
mination (5 min). The levels of 3 in liver were
high by 5 min but rapidly declined. Brain levels of
3 increased to 60 min and then slowly declined;
after 6 h, large amounts of 3 could still be de-
tected in the CNS. The elimination of the quater-
nary salt from blood was rapid. As compared to
the distribution of equimolar administration of
LY231617 (Brewster et al., 1995), the CDS pro-
duces greater selectivity in brain delivery as
defined by lower peripheral levels of the CDS
components. Due to low amidase activity of the
CNS, the parent drug (1) was not readily released

from the conjugate 3 and levels of the parent drug
were below the assay detection limit (0.05 ug/ml).
Because efficacy has not been evaluated, it was
not possible to estimate a therapeutic index for
the compound. Activity studies of 4 would be of
interest since the antioxidant properties of
LY231617 induced by the phenolic hydroxyl
group should be maintained in 3, generating an
active analog.

Resuits of the distribution study performed on
the CDS 13 are summarized in Table 2. Levels of
13 and the quaternary salt metabolite 12 were
determined at 15 and 60 min. In contrast with the
CDS 4, the oxidation process was much slower
for 13. After 1 h, the two compounds were
present in the brain in approximately the same
concentrations. The oxidative stability of 13 pre-
vented a significant accumulation of compound 12
in the brain. Although no in vitro stability data
are available, it appears that 12 and 13 are hy-
drolytically stable since the parent drug
LY231617 was not detected in brain during the in
vivo study. Obviously the steric hindrance of the
t-butyl groups did not allow for the access of the
brain esterases to the reaction site (Pop et al.,
1992).

In order to investigate this finding, compound
12 was examined in vitro in rat brain and blood.
Both in blood and brain, there were little changes
in the concentration of 12 over several hours. In
blood, the peak height fell 3% over 5 h and brain
levels declined by 6 and 12% over 4 and 23 h,
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Table 2

Blood and brain concentration for CDS 13, its quaternary metabolite (12) and LY231617 (1) after a 7.85 mg/kg dose of 13 given

i.v. to Sprague—Dawley rats (n = 5)

Time (min) Biood (ug/ml + SEM) Brain (ug/g + SEM)

13 12 LY231617 13 12 LY231617
15 0.6 + 0.1 1.8 + 0.3 B.D. 1.8 + 0.7 20 + 0.0 B.D.
60 03 + 0.0 B.D. B.D. 1.3 £ 02 1.5 £ 0.5 B.D.

B.D., below assay detection 0.05 pg/ml.

respectively. The data suggest that compound 12
releases LY231617 too slowly to be a useful deliv-
ery system. Moreover, in contrast with the CDS 4
and its metabolite 3, no antioxidant activity is
expected in the case of 13 and 12, since the
phenolic hydroxyl pharmacophore is blocked.

Following these results another category of
CDSs, the substituted carbamate-type derivatives
8. have been investigated. Based on available data
(Alexander et al., 1988; Pop et al., 1989a; Prokai-
Tatrai et al., 1991), it was expected that, in con-
trast with the hydrolytically stable amide type
derivatives 3 and 4, compounds 8 and their
metabolites 7 would readily release the native
drug 1. Indeed, substituted carbamates are hy-
drolyzed (by esterases) at the ester site of the
acyloxyalkyl linkages. The hydroxyalkoxycarba-
mates (hemiketals), which result as the first prod-
ucts of hydrolysis, are unstable in an aqueous
environment and decompose spontaneously to the
parent compound through an intermediary car-
bamic acid: 7 — R-NHCOO(CH,),OH - R-
NHCOOH -» R-NH,. The side-products of the
reaction are N-methyl (or 1,6-dimethyl) nicotinic
acid, an aldehyde and carbon dioxide.

Three substituted carbamate-type CDSs were
synthesized for LY231617: the aminocarbony-
loxymethyl- and aminocarbonyloxyethyl-1,4-dihy-
dro-1-methylpyridine carboxylates 8a and 8b as
well as the aminocarbonyloxymethyl-1,4-dihydro-
1,6-dimethylpyridine carboxylate 8¢. Compound
8b was expected to have an increased hydrolytic
stability as compared to 8a as a result of a
sterically hindered environment at the site of en-
zyme attack. Compound 8c was synthesized based
on previous findings which indicated that electron
donating ( + I) groups (such as methyl) at C-6 of

1,4-dihydropyridines increase the rate of their oxi-
dation (Pop et al., 1989b, 1994). The stability of
CDSs 8a and 8¢ as well as of the quaternary
salt-type derivative 7c¢ in various biological ma-
trices are indicated in Table 3. The data revealed
rapid conversion of the CDS in liver homogenate
with a pseudo first-order rate constant of (2.51 +
0.27) x 102 min~' and an associated half-life
of disappearance of 27 min. The derivative was
significantly more stable in blood and brain with
degradation rate constants of (2.29 + 0.83) x
1073 min~! and (3.34 + 0.62) x 1073 min—!
indicating tissue half-lives of approximately 5 and
3.5 h, respectively. The oxidation rate of 8a in
brain appears to be too slow in comparison with
other CDSs (Bodor, 1987; Pop et al., 1990); half
lives of oxidation, which vary with the conditions
of determinations, should not exceed 30-60 min
in order to assure efficient accumulation of drugs
in the CNS. Evidently the use of the homologue
8b, originally synthesized with the goal to increase
the hydrolytic stability of the CDS cannot solve
this problem and was not further investigated. On
the other hand, compound 8¢ while stable in
blood (half life 1.4 h) with degradation resulting
in products of both oxidation and hydrolysis

Table 3
Stability (half lives, min) of the CDS 8a and 8¢ and the
quaternary salt 7c in rat biological materials at 37°C

Medium Half life (t,,,) min

8a 8c Tc
Blood homogenate (50%) 300.0 84.1 9.0
Brain homogenate (20%) 210.0 21.0 130.2
Liver homogenate (20%) 27.0 6.6 13.2
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proved to be relatively rapidly degraded in brain.
While oxidation was the main transformation, the
product of hydrolysis was also detected. The 6-
methyl group in 8¢ resulted in a 10-fold acceleration
of the oxidation rate of the CDS in brain tissue (21
min compared to 210 min for 8a) which empirically
correlates with sequestration of the drug in the
CNS in the form of 7c. Importantly, the degrada-
tion of 8c in liver was also rapid (half life 6.6 min)
producing both 7c¢ and 1. The stability of the
quaternary salt 7c is also of interest. The results
presented in Table 3 indicate that while 7c¢ rapidly
hydrolyzed in blood (half life 13.2 min), the process
was much slower (half life 2.17 h) in brain. The
parent drug L'Y231617 was in both cases the main
product of hydrolysis. These data suggest a sus-
tained release of the drug from 7c¢ in the brain.

These in vitro results indicate that the CDS 8¢
presents all the required properties (stability in
blood, fast oxidation in brain, sustained release of
the drug from 7c¢ in brain) for proper delivery of
LY231617 to the CNS. Further in vivo studies of
8c both in rat and dog models are required to
support these assumptions.
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