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Analogs of PD148903 – 

Orally Active Anti-Parkinsonian Prodrugs

ABSTRACT

A series of analogs of the enone prodrug PD148903 (2.3), having different N-

substituents, were synthesized and pharmacologically evaluated. The compounds were tested at

different oral doses in the Ungerstedt rotation model for Parkinson’s disease in the rat. The

newly synthesized analogs of 2.3 proved to be orally active and produced a pronounced and long

lasting pharmacological effect. At 0.1 mg kg-1 po, the N-methyl-N-propyl substituted analog

(3.13) had a pharmacological profile similar to that of 2.3. The N-ethyl-N-propyl substituted

analog (3.14) at that dose showed a significantly higher efficacy than 2.3 (p < 0.05). Analyses of

rat brains after the administration of 2.3 and 3.14 indicated the presence of hydroxylated

metabolites of both parent enones. It is hypothesized that these metabolites are involved as an

intermediate in the bioactivation mechanism of these new prodrugs.
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3.1 INTRODUCTION

The potential utility of the directly acting DA D2 agonist 5-hydroxy-2-di-propylamino-

1,2,3,4-tetrahydronaphthalene (5-OH-DPAT, 3.1) and the mixed DA D1/D2 agonist 5,6-

dihydroxy-2-dipropylamino-1,2,3,4-tetrahydronaphthalene (5,6-di-OH-DPAT, 3.2) in treatment

of Parkinson’s disease is generally recognized (Figure 3.1).1-6 However upon oral

administration, the phenol and the catechol moieties are rapidly metabolized to an extent that

limits the therapeutic usefulness of these compounds.7 For instance, the potential anti-Parkinson

compound N-0437 (3.3) undergoes extensive first-pass metabolism (glucuronidation).8 In the

past it was attempted to circumvent this problem by developing prodrugs. Common prodrugs of

phenols and catechols are esters, amides and carbamates.9-14 These types of prodrugs generally

do not improve the in vivo characteristics sufficiently to make oral administration feasible. For

instance, the di-acetyl ester prodrug of the DA D1 agonist ABT-431 (3.4) has a plasma half-life

for both esters of 60 seconds and is only efficacious after intravenous (iv) administration.15
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Figure 3.1 Structures of some known hydroxylated 2-aminotetralin DA receptor agonists and
prodrugs of dopaminergic catecholamines; 5-OH-DPAT (3.1), 5,6-di-OH-DPAT (3.2), N-0437
(3.3), ABT-431 (3.4), PD148903 (2.3), and its most active enantiomer, PD217015 (2.3a).
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Chapter 2 described the synthesis and pharmacological evaluation of 2.3a (= (S)-2.3), as

an orally active prodrug of (S)-5,6-di-OH-DPAT (3.2).16 This prodrug was found to be

efficacious in vivo in models for Parkinson’s disease in rats. As an extension of this work, we

synthesized a series of analogs of 2.3 in an attempt to investigate how general the bioactivation

mechanism is and the structure activity relationship (SAR). Since 2.3 was subjected to

enantioselective bioactivation, also the nature of the N-substituents could be of importance for

the process of conversion to the active principle. In an attempt to investigate this, a series of

analogs with different N-substituents was prepared.

 Hydroxylated 2-aminotetralins are known to be pharmacologically active when having

certain N-alkyl substituents. N,N-di-n-propyl substitution is considered optimal, with respect to

DA D2 binding affinity and CNS penetration.1,17-21 Substituents smaller than n-propyl make an

aminotetralin less lipophilic and lowers the binding affinity for the DA D2 receptor while

retaining or increasing their potency at the DA D1 receptor.4,5,22 Incorporation of one large

substituent, like N-2-(phenyl)ethyl or N-2-(2-thienyl)ethyl (as in 3.3), increases the lipophilicity

and improves the potency of the compounds.6 For 5,6-di-hydroxy-2-aminotetralins, only a few

N-substitution patterns have been reported in literature.23 Instead, most of the work on N-

substituents has been done using 5-hydroxy-2-aminotetralin as a scaffold.21 Once the in vivo

disadvantages of catecholic 2-aminotetralins were discovered, researchers focussed their

attention on their 5-hydroxylated, phenolic derivatives. Many N-alkylated 5,6-dihydroxy-

aminotetralins and N-alkylated 5-hydroxy-2-aminotetralins have dopaminergic properties. For

the phenolic 2-aminotetralins, DA D2 agonism was retained but DA D1 agonism was impaired,

though they appear to be low affinity partial DA D1 agonists.1,24 Double bonds and also

heteroatoms like sulfur, oxygen and halogens have been incorporated into the N-substituents.5

To further investigate the bioactivation mechanism, prodrug equivalents of known

pharmacologically active 5-hydroxy-2-(N,N-dialkylamino)tetralins were synthesized (Figure

3.2). Since 2.3 was inactive in vitro, the analogs of 2.3 were pharmacologically evaluated in vivo

in the Ungerstedt model for Parkinson’s disease using unilaterally 6-OH-DA lesioned rats.25

To investigate the presence of metabolites, brain extracts of rats treated with enone

prodrugs were analyzed.  Doing this for 2.3 and one of the newly designed enones, could

provide an analogy in metabolism leading to a deeper understanding of the bioactivation

mechanism. (S)-5,6-di-OH-DPAT was the only pharmacologically active principle detected after

administration of 2.3a, thus, 2.3a needs to undergo some form of aromatization in the
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bioactivation process. We synthesized a ‘3,3-dimethyl’ analog of 2.3 to study the influence of

geminal dimethyl substitution on the enone ring on the pharmacological effect in vivo.
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Figure 3.2 Enone equivalents of pharmacologically active 5-hydroxy-2-dialkylaminotetralins.

The α- or β-rotameric conformation of 4-aryl-di-OH-DPATs may determine the activity

or inactivity at the DA receptors. 4-aryl-di-OH-DPATs may also have other properties than

dopaminergic since N,N-dimethyl substituted compounds of that type exhibit activity at the

histamine H1 and σ-like receptors.28,29 In this chapter, only the synthesis of these compounds

and their effect in the Ungerstedt model for Parkinson’s disease were investigated.25
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Figure 3.3 Structures of an 8-Aryl substituted enone (3.5),the corresponding catecholamine, 4-
Ph-5,6-di-OH-DPAT (3.6), its inactive congener 4-Ph-6,7-di-OH-DPAT (3.7),(R)-
isoapomorphine (3.8) and (R)-apomorphine (3.9).
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In Chapter 2, the synthesis of 2.3 was described using formaldehyde in the initial

condensation reaction. Though the synthesis was very efficient, many by-products were formed

during the first reaction step. By using other aldehydes in this reaction, we thought to investigate

the extent of the role formaldehyde plays in the formation of the by-products. Benzaldehyde and

2-thienylcarboxaldehyde were selected because incorporation of an aromatic ring at the 8

position of 2.3 might affect the dopaminergic activity of the enone after bioactivation to its

corresponding catecholamine (Figure 3.3).

It cannot be predicted whether bioactivation to the corresponding catecholamine takes

place and whether these unknown 4-aryl-5,6-di-OH-DPATs (3.6) are active at the DA receptors.

Literature reports both cis and trans 4-aryl-6,7-di-OH-DPAT (3.7) to be inactive at the DA

receptors.26 Yet it is also known that (R)-isoapomorphine (3.8) has poor dopaminergic properties

as compared to the potent mixed DA D1/D2 receptor agonist (R)-apomorphine (3.9).27

3.2 CHEMISTRY

3.2.1 Synthesis of N,N-dialkyl analogs of 2.3

The synthesis of the analogs of 2.3 is outlined in Schemes 3.1. The precursor 1,6-

diketone (3.10) was prepared in three steps according to literature procedures.30-33 Reductive

amination of 3.10 with primary amines in tetrahydrofuran, in the presence of 1 equivalent of

acetic acid, gave excellent yields. The secondary amines formed were found to decompose upon

standing and were used for further synthesis without purification.

Enone 3.11 was synthesized by alkylation of the mono-n-propyl intermediate with 3-

fluoropropyl-1-bromide. The reaction was carried out in acetonitrile with Cs2CO3 and KI at

reflux temperatures and took prolonged heating for completion. The moderate yield of 3.11 is

most likely due to the chemical instability of the intermediate, and the reaction time and

temperatures required for the alkylation reaction. Reductive alkylation of the thienylethylamine

intermediate with propionaldehyde gave 3.12 in good yield, and could be performed in the same

pot. However, in order to have better control over the double bond selectivity in the second

reduction step, it was preferred to work-up the reaction mixture after the first step.

Condensation of N-methyl-N-n-propylamine, N-ethyl-N-n-propylamine, or N-methyl-N-

propargylamine with precursor 3.10 required heating in a sealed flask in the presence of

powdered 4Å molecular sieves. In the preparation of these enamines, several side products were
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formed that could not easily be separated from the desired product. Therefore, similar to the

synthesis reported for 2.3, these enamine intermediates were reduced without purification, to

their corresponding amines (3.13, 3.14 and 3.15). Yields were moderate since the selectivity for

the desired double bond proved hard to control in the reduction step. Use of methanol or 1,2-

dichloroethane increased reaction speed but decreased selectivity.31,33 In tetrahydrofuran the

reaction and selectivity was controlled by the amount of acetic acid and maintaining a low

temperature. Though both primary and secondary amines react with 3.10 to give an enamine,

reduction of the primary enamine is far more selective34-36
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Scheme 3.1 Synthesis of analogs of 2.3. Reagents and conditions: a) RNH2, NaBH3CN, THF/
AcOH, 0oC; b) propionaldehyde, NaBH3CN, THF/AcOH, 0oC or F(CH2)3Br, Cs2CO3,
acetonitrile, 80oC; c) RR'NH, toluene, 60oC; d) NaBH3CN, THF/AcOH, 0oC.

3.2.2 Synthesis of an 3,3-dimethyl analog of 2.3

The 3,3-dimethyl analog (3.17) of 2.3 was synthesized analogously to the synthesis of

2.3 described in Chapter 2 (Scheme 3.2). Dimedone (3.16) was reacted with paraformaldehyde

and dipropylamine in hot toluene in the presence of powdered 4Å molecular sieves followed by

treatment with acetone. The presence of two methyl groups made the reaction proceed markedly

slower than for 1,3-cyclohexadione. After 50h of heating, the reaction was incomplete but no

further progress of the reaction was monitored and the heating was stopped. Analysis of the

reaction mixture showed a similar amount of by-products had formed as in the preparation of
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2.3. After work-up, the enamine intermediate was reduced to the corresponding amine. Like in

the synthesis of 2.3 the overall yield of 3.17 was low.

3.173.16
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Scheme 3.2 Synthesis of the 3,3-dimethyl analog of 2.3. Reagents and conditions: a) i) CH2O,
PrNH2, toluene, 85oC; ii) acetone, toluene, 85oC; iii) NaBH3CN, THF/AcOH, RT.

3.2.3 Synthesis of 8-aryl analogs of 2.3

Benzaldehyde and 2-thienylcarboxaldehyde were used analogously to the synthesis of

2.3 (Scheme 3.3). The corresponding aryl substituted enones, 3.19 and 3.20, were obtained with

hardly any by-products. Obviously, arylic aldehydes are able to stabilize the intermediates

probably by conjugation of the ring electrons like in 3.21. The stabilizing effect of the arylic

aldehydes was also noticeable in the reaction time required for complete conversion to the

initially formed enamine. The 8-Aryl substituted enones 3.19 and 3.20 were pharmacologically

evaluated as diasteromeric mixtures.
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Scheme 3.3 Synthesis of 3.19 and 3.20. The reaction may profit from the stabilizing effect of
the aryl group in an intermediate like 3.24. Reagents and conditions: a) i) CH2O, PrNH2,
toluene, 85oC; ii) acetone, toluene, 85oC; iii) NaBH3CN, THF/AcOH, RT.
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3.3 PHARMACOLOGY

3.3.1 In vivo pharmacology

All new compounds were tested on in vivo activity in the Ungerstedt model for

Parkinson’s disease, using unilaterally 6-hydroxy-DA lesioned rats.25 In this model the DA

receptors in the striatum on the lesioned side become hypersensitive. Administration of centrally

acting DA agonists causes disproportionate stimulation of locomotor activity, making the rats

move in circles. The more rotations, the more efficient a compound is considered to be against

Parkinson’s disease. Rotations were recorded for 12 h after oral administration at several doses

of the test compounds. A detailed description of this model is given in Chapter 2.

3.3.2 Brain extraction experiments

In order to gain further insight into the bioactivation mechanism of enone prodrugs,

whole rat brain tissues were homogenized, extracted and analyzed by GC-MS to identify

possible metabolites.

3.4 RESULTS AND DISCUSSION

3.4.1 The Ungerstedt model for Parkinson’s disease

In Table 3.1 the total cumulative full contralateral rotations for the tested analogs of 2.3

are presented. At a dose of 0.1 mg kg-1 po compounds 3.13 and 3.14 produced potent effects.

Compound 3.13 produced a similar effect to 2.3, however, 3.14 showed a significantly more

potent effect (p < 0.01, t-test, power: 0.77). A significant difference between the effects of

compounds 3.13 and 3.14 was not found. N-0437 analogous enone prodrug 3.11, and N-methyl-

N-propargyl substituted 3.15, only induced a weak effect. 3,3-Dimethyl substituted analog 3.17

and the 8-aryl analogs, 3.19 and 3.20, induced such a weak effect at 1.0 mg kg-1 po that they are

considered inactive.

 At 0.3 mg kg-1 po, compound 3.13 produces similar results relative to 2.3. Analog 3.14

reaches maximum rotations possible37 and the effect is significantly larger than that of 2.3 (p <

0.05, Mann-Whitney rank sum test). A higher dose of 3.15 did not change the pharmacological

effect significantly. The effect of 3.15 may be partially attributed to its possible MAO-inhibiting
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properties. N-methyl-N-propargyl substituted amines, like deprenyl, pargyline and also

aminotetralin based structures, are known to irreversibly bind the MAO enzyme.38 Compound

3.15 was not tested in a MAO-inhibitory essay.

Table 3.1 The pharmacological effect of 2.3 and some of its analogs at three doses po in the
Ungerstedt model for Parkinson’s disease.a

Compound Total full contralateral turns (X ± SEM)

0.1 mg kg-1 nb 0.3 mg kg-1 n 1.0 mg kg-1 n

2.3 2312±440 (10) 5354±748 (8) 8787±1450 (5)

3.11 262±75 (7) -c - 503±85d (7)

3.12 - - 5194±1543 (8) 7540±1358 (8)

3.13 2928±961 (4) 5740±491 (4) - -

3.14 4840±757 (8) 8901±1824 (8) - -

3.15 713±237 (8) 513±357 (8) - -

3.17 - - 23±12d (4) 204±179d (4)

3.19 - - - - 19±0d (2)

3.20 - - - - 6±6 d (2)
aNumbers noted are the cumulative full contralateral turns in 12h. bn, number of rats tested; c–, not
tested; d3 hour totals.

A 3-fluoro substituent in one of the n-propyl side chains gives 3.12, in which the

pharmacological effect of 2.3 is retained. The fluoro atom evidently can be considered as

metabolically rather stable and not interfering with the bioactivation mechanism. The same is

observed when administered at 1.0 mg kg-1 po; 2.3 and 3.12 do not differ significantly.

However, it must be noted that the effect at 1.0 mg kg-1 po does not significantly differ from its

effect at 0.3 mg kg-1 po. Surprisingly the N-0437 analogous enone prodrug 3.11 had only a weak

effect at 1.0 mg kg-1. Little increased lipophilicity relative to 2.3 (LogD, calculated (Pallas®):

2.3 = 1.21, 3.11 = 2.11) should warrant a good oral absorption. Thus, either 3.11 fails in the

bioactivation process or it is relatively more prone to other metabolism.

Figure 3.1 shows the effect of 3.13, 3.14 and 2.3 at 0.1 mg kg-1 po in time. Statistical

analysis of the graphs using a two-way ANOVA followed by a Student-Newman-Keuls test,

shows the effect of 3.14 to be significantly different from 2.3 (p < 0.05). Graphs of 3.13 and 2.3
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have a similar profile and are not significantly different at any time. All compounds have a

similar rapid onset of action.
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Figure 3.1 Pharmacological effect of 0.1 mg kg-1 of 2.3 and two of its analogs po in the
Ungerstedt model for Parkinson’s disease expressed as cumulative full contralateral rotations
per 15 min over 12h. Each point is the mean ± SEM. for n determinations. n = number of
animals tested; 3.13 (n = 4); 3.14 (n = 8); 2.3 (n = 10).

The pharmacological effects are long lasting. Significant activity for 3.13 was measured

from 30 to 600 min, for 3.14 from 30 to 720 min, and for 2.3 from 15 to 525 min (all p < 0.05,

Wilcoxson signed rank test). A saline curve was not included as it coincides with the x-axis.

The results for 3.13 (Me/Pr) and 3.14 (Et/Pr) relative to 2.3 (Pr/Pr) at both 0.1 mg kg-1 po

and 0.3 mg kg-1 po are surprising. Numerous factors like differences in absorption, distribution,

bioactivation, potency of the active metabolite or even indirect effects may contribute to these

findings. Yet for aminotetralins it has been described that 5,6-di-OH-DPAT had a 133 fold

increased potency for in inducing D1/D2 related stereotyped behavior in the rat relative to 5,6-di-

OH-MethylPAT (respectively the active metabolite of 2.3 and the anticipated active metabolite

of 3.13).23 Furthermore an 11 fold increased potency for 5,6-di-OH-DPAT was found over 5,6-

di-OH-MethylPAT, in its anti-tremor activity in the reserpinized rat.23 Therefore it is unlikely

that the potency of the active metabolites (the aminotetralins) determines the pharmacological
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effect induced by the prodrugs. Furthermore, considering absorption and disposition, MAO

susceptibility and DA D2 receptor binding affinity of aminotetralins, N,N-di-n-propyl

substitution has been considered optimal for inducing a pharmacological effect.21

Therefore, considering the fact that in the Ungerstedt rat model 3.13 and 2.3 are

equipotent and 3.14 is more potent than 2.3, it could be that, to some extent, differences in

pharmacology are related to differences in bioactivation of 3.13, 3.14 and 2.3. It is thus possible

that like the orientation at the chiral center (Chapter 2), also the nature of the N-substituents

influences the bioactivation mechanism.

3.4.2 Brain extraction experiments

Whole rat brain tissues were homogenized, extracted and analyzed by GC-MS for

metabolites after administration of 30 mg kg-1 sc 3.14 or 10 mg kg-1 sc 2.3a. Vehicle only was

administered to provide a blank experiment. Standard solutions of 3.14 and 2.3a were used to

determine retention time and fragmentation pattern.

Figure 3.2 shows the mass spectra after analyses: (A) and (B) show the M+-ion and

fragments of 3.14 and 2.3a respectively, (C) and (D) show the mass spectra of two newly

observed analytes. Both M+-ions of (C) and (D) correspond with an increase in molecular mass

of 16 with respect to their administered precursor. Since fragmentation is similar and none of the

compounds above has been detected after saline experiments, it is evident that (C) and (D) are

metabolites of the tested compounds. The increase in molecular mass by 16 is most easily

explained with the introduction of an oxygen atom into the molecule.

To understand where the oxygen atom is inserted into the molecule it is necessary to

look at the fragmentation patterns of the molecules. It is known for alkylated amines that the

fragments M–29 or M–15 (235→206, 235→220, 249→220, 251→222, 265→236) originate

from the loss of an ethyl or methyl moiety from the nitrogen substituent.41 Six-membered

cyclohexenone rings are known to give ‘retro Diels-Alder’ reactions in their fragmentation. A

retro Diels-Alder reaction on (A) and (B) of the amine substituted ring gives N,N-dialkyl-N-

vinylamines of 113 amu and 127 amu respectively that are also observed in (C) and (D)

respectively. Because the fragmentation pattern of the metabolites is not altered for (C) and (D)

it is unlikely that an oxygen atom is incorporated in the N,N-di-n-propylamine and the N-ethyl-

N-n-propylamine moieties of the molecules or that an N-oxide was formed.
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Incorporation of an oxygen atom into the fused ring system seems most plausible. Loss

of the N,N-dialkylamine moiety in (A) and (B) leaves a fused ring system with a molecular mass

of 149 amu. Instead, in the case of metabolites (C) and (D), this has changed to 147 amu. This

could be explained oxidation of the prodrugs to hydroxylated metabolites that dehydrate upon

fragmentation (149 + 16 – 18 = 147). In fact literature suggests a metabolic pathway for

testosterone, involving a hydroxylation on its α’ position.42

Figure 3.2 EI mass spectra (M+) of (A) 3.14, (B) 2.3a, (C) the observed metabolite of 3.14 and
(D) the observed metabolite of 2.3a.
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3.4.3 Hypothesized bioactivation mechanism

For 2.3a, the active metabolite in the brain was found to be 5,6-di-OH-DPAT and

metabolism of the active prodrug 3.14 is expected to be similar. It is, therefore, conceivable that

this α,β-unsaturated-α’-hydroxylated ketone ring system, by in vivo oxidation of the hydroxyl

group, is converted to the corresponding α,β-unsaturated-1,2-diketones. Two consecutive keto-

enol tautomerizations of this di-ketone will produce the corresponding 5,6-dihydroxy-2-

aminotetralin (Scheme 3.4). We have not detected catecholic aminotetralins under this protocol.
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Scheme 3.4 Hypothesized in vivo bioactivation of enone prodrug to their corresponding
catechols. Conditions: (a) hydroxylation; (b) oxidation; (c) keto-enol tautomerization.

3.5 CONCLUSIONS

The bioactivation mechanism as observed for 2.3 probably also be applied to analogs

with different N-substituents. Compounds 3.12, 3.13, and 3.14 were able to induce a potent and

long-lasting dopaminergic pharmacological effect upon oral administration. Even at low doses,

these newly synthesized compounds displayed similar or even higher potency relative to 2.3 in

alleviating Parkinsonian symptoms. The nature of the N-substituents in 3.12, 3.13, and 3.14 did

not affect the onset of action relative to that of 2.3 or 2.3a. Remarkably, N-ethyl-N-n-propyl
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substituted 3.14 gave a more potent pharmacological effect than N,N-di-n-propyl substituted 2.3.

This could indicate a correlation between N-substituent and bioactivation efficiency.

The very weak activity of 3.11 was surprising considering the potency of N-0437. The

presence of the thiophene ring evidently interferes with metabolism yielding little or no active

catecholamine. The inactivity of 3,3-dimethyl substituted analog 3.17 in vivo, demonstrates that

bioactivation to a potent dopaminergic compound is inhibited and that the enone structure itself

does not induce a dopaminergic effect. Synthesis and testing of an analog of 2.3 with a five-

membered enone ring system may provide further information. Such an enone structure would

be most similar to compound 2.3 yet the five-membered ring cannot be transformed to an

aromatic ring that is considered essential for binding to the DA receptor. The inactivity of 3.19

and 3.20 could be due to failure in bioactivation or the lack of dopaminergic properties of the

corresponding catecholamines.

Metabolism of 3.14 is expected to be similar to that of 2.3a, in which case the active

metabolite in the brain was found to be 5,6-di-OH-DPAT. Therefore, it could be possible that

hydroxylated metabolite is converted to the catechol. In fact, in vivo α’-oxidation of the

hydroxyl group, could give and α,β-unsaturated-1,2-diketones that after two consecutive keto-

enol tautomerizations would produce the corresponding 5,6-dihydroxy-2-aminotetralin.

3.6 EXPERIMENTAL SECTION

3.6.1 Chemistry

General remarks. Melting points were determined in open glass capillaries on an

Electrothermal digital melting-point apparatus and are uncorrected. 1H- and 13C-NMR spectra

were recorded at 200 MHz and 50.3 MHz, respectively, on a Varian Gemini 200 spectrometer.

The splitting patterns are designated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m

(multiplet). Chemical shifts are given in δ units (ppm) and are relative to the solvent. Coupling

constants are given in Hertz (Hz). The spectra recorded were consistent with the proposed

structures. IR spectra were obtained on an ATI-Mattson spectrometer. Electronic ionization (EI)

mass spectra were obtained on a Unicam 610-Automass 150 GC-MS system. Chemical

ionization (CI) mass spectra were recorded by the Mass Spectrometry Unit of the University of

Groningen. Elemental analyses were performed by the Analytical Chemistry Section at Parke

Davis (Ann Arbor, MI) or by the Microanalytical Department of the University of Groningen
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and were within ± 0.4 % of the theoretical values, except where noted. All chemicals used were

commercially available (Aldrich or Acros) and were used without further purification.  

6-[N-n-Propyl-N-(2-thiophen-2-yl-ethyl)]-amino-3,4,5,6,7,8-hexahydro-2H-

naphthalen-1-one (3.11). To a stirred solution of 3,4,7,8-tetrahydro-2H,5H-naphthalene-1,6-

dione (0.50 g,  3.0 mmol)30 in dry THF (15 mL) was added 2-thiophen-2-yl-ethylamine (0.35

mL,  3,0 mmol). After stirring for 30 min, NaBH3CN (0.29 g, 4.5 mmol) was added followed 30

min later by dropwise addition Acetic acid (0.18 mL, 3.0 mmol). After stirring at RT for 3 h the

solvent was evaporated. The residue was partitioned between diethyl ether (50 mL) and 50%

aqueous Na2CO3 (25 mL). The layers were separated and the aqueous layer was extracted with

diethyl ether (2 x 50 mL). The combined ethereal layers were dried (Na2SO4), filtered and

evaporated to give 0.83 g of a colorless oil which was used without further purification. 1H-

NMR (CDCl3) δ 7.14 (d, 1H), 6.93 (t, 1H), 6.82-6.92 (m, 1H) 2.91-3.10 (m, 4H), 2.75-2.87 (m,

1H), 2.34-2.55 (m, 4H), 1.87-2.28 (m, 8H) ppm; 13C-NMR (CDCl3) δ 198.7, 165.9, 154.5,

142.0, 131.7, 126.7, 125.0, 123.6, 52.2, 47.9, 38.3, 37.5, 31.0, 27.9, 22.1, 20.9 ppm. The oil was

dissolved in methanol (60 mL) and propionaldehyde (3.0 mL, 45 mmol) was added. After

stirring at RT for 30 min, NaBH3CN (0.30 g, 4.8 mmol) was added slowly and the mixture was

stirred overnight. After stirring at RT for 3 h the solvent was evaporated. The residue was

partitioned between diethyl ether (100 mL) and 10% aqueous NaHCO3 (25 mL). The layers were

separated and the aqueous layer was extracted with diethyl ether (4 x 40 mL). The combined

ethereal layers were dried (MgSO4), filtered and evaporated. The resulting colorless oil was

purified by column chromatography (silica, dichloromethane/ethanol, 20:1) was subsequently

converted to the hydrochloric salt. Yield 0.61 g, 1.7 mmol (58%), mp 189-192°C. IR (KBr)

2943, 2612, 1655, 1389, 850, 706 cm-1; 1H-NMR (CDCl3) δ 7.10 (d, 1H), 7.07 (t, 1H), 6.77-6.91

(m, 1H), 3.55-3.71 (m, 3H), 2.73-2.92 (m, 4H), 2.31-2.71 (m, 4H), 2.20 (br d, 2H), 1.87-2.22

(m, 3H), 1.28-1.56 (m, 5H), 0.86 (t, 3H) ppm; 13C-NMR (CDCl3) δ 198.7, 156.3, 141.9, 131.7,

126.4, 124.4, 123.1, 56.0, 52.4, 37.5, 34.4, 31.3, 31.2, 29.8, 24.4, 22.7, 22.1, 22.0, 11.6 ppm; MS

(EI) m/z 317 (M+); Anal. (C19H27NOS·HCl) C, H and N.

6-(N-(3-Fluoro-n-propyl)-N-n-propyl)-amino-3,4,5,6,7,8-hexahydro-2H-naphthalen-

1-one (3.12). To a stirred solution of 3,4,7,8-tetrahydro-2H,5H-naphthalene-1,6-dione (0.5g,  3.0

mmol)30 in dry tetrahydrofuran (15 mL) was added n-propylamine (0.28 mL, 3.0 mmol) and
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NaBH3CN (0.29 g,  4.5 mmol). After stirring for 30 min., Acetic acid (0.18 mL, 3.0 mmol) was

added dropwise. After stirring at RT for 3 h the solvent was evaporated. The residue was

partitioned between diethyl ether (50 mL) and 50% aqueous Na2CO3 (25 mL). The layers were

separated and the aqueous layer was extracted with diethyl ether (2 x 50 mL). The combined

ethereal layers were dried (Na2SO4), filtered and evaporated. The compound proved to

decompose readily and was therefore  used without further purification. Crude yield:  0.7 g,

purity: ~90% (GC), MS (EI) m/z 207 (M+).

A mixture of the crude product (0.7 g, ~3.0 mmol), Cs2CO3 (2.7 g), 1-bromo-3-fluoro-

propane (1.22 g, 10.8 mmol) in acetonitrile (25 mL) was heated to 80°C for 36h. After cooling

another portion of 1-bromo-3-fluoro-propane (1.22 g, 10.8 mmol) was added and heating was

continued for 8h. The reaction mixture was then cooled to RT and diluted with ether (25mL).

Filtration and evaporation of the solvents gave 0.5 g of a dark oil, which was purified by column

chromatography (silica, dichloromethane/ethanol, 100:1). The purified product was converted to

the hydrochloric salt. Yield: 0.14 g, 0.5 mmol (15%), mp 135-139°C. IR (KBr) 2946, 2452,

1660, 1387 cm-1; 1H-NMR (CDCl3) δ 4.59 (dt, 1H, J = 5.7 Hz), 4.35 (dt, 1H, J = 5.7 Hz), 2.71-

2.77 (m, 1H), 2.12-2.58 (m, 10H), 1.61-2.05 (m, 8H), 1.18-1.48 (m, 3H), 0.82 (t, 3H) ppm; 13C-

NMR (CDCl3) δ 198.7, 156.5, 131.7, 82.1 (d, 83.7, 80.4, CH2F, J = 163.7 Hz), 55.4, 45.5, 45.4,

37.5, 34.3, 31.1, 29.7 (d, 29.8, 29.5, CH2CH2F, J = 19.4 Hz), 24.0, 22.7, 22.2, 21.7, 11.5 ppm;

MS (EI) m/z 267 (M+); Anal. (C16H26FNO·HCl), C, H and N.

6-(N-Methyl-N-n-propyl)-amino-3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one (3.13).

To a stirred solution of 3,4,7,8-tetrahydro-2H,5H-naphthalene-1,6-dione (0.25g, 1.52 mmol)30

and powdered 4Å molecular sieves (1 g) in toluene (10 mL) was added N-methyl-n-propylamine

(0.12 g, 1.54 mmol). The mixture was heated in a sealed flask to 60°C for 18h and after cooling

another portion of N-methyl-n-propylamine (0.12 g, 1.54 mmol) was added. Heating is then

continued for 8h. Work-up by cooling, filtration, rinsing the residue with ether (5 x 10 mL) and

evaporation of the solvents. The resulting yellow/brown solid was dissolved in methanol (15

mL), cooled to 0°C and the pH was adjusted to 4 by adding acetic acid. Then NaBH3CN (0.11g,

1.65mmol) was added slowly. After stirring at 0°C for 30 min the cooling bath was removed and

the reaction mixture was stirred at RT for 2h. The solvent was evaporated and the residue

partitioned between 50% aqueous NaHCO3 (20 mL) and ether (50 mL). After separation of the

layers the aqueous layer was extracted with ether (3 x 25 mL). The combined ether layers were
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washed with brine, dried (Na2SO4) and evaporated. The resulting oil was purified by column

chromatography (silica, dichloromethane/methanol, 20:1) and subsequently converted to the

hydrochloric salt. Yield: 0.12 g, 0.45 mmol (30%), mp 140-143°C. IR (KBr) 2937, 2451, 1652,

1390 cm-1; 1H-NMR (CDCl3) δ 2.52-2.60 (m, 2H), 2.30-2.42 (m, 4H), 2.20-2.24 (m, 6H), 1.90-

1.97 (m, 4H), 1.24-1.50 (m, 4H), 0.85 (t, 3H) ppm; 13C-NMR (CDCl3) δ 198.9, 156.1, 131.7,

58.1, 55.4, 37.5, 37.4, 33.7, 31.1, 24.2, 22.5, 22.1, 20.4, 11.6 ppm; MS (EI) m/z 221 (M+); Anal.

C14H23NO·HCl) C, H and N.

6-(N-Ethyl-N-n-propyl)-amino-3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one (3.14).

To a stirred solution of 3,4,7,8-tetrahydro-2H,5H-naphthalene-1,6-dione (0.75g, 4.30 mmol)30

and powdered 4Å molecular sieves (2 g) in toluene (15 mL) was added N-ethyl-n-propylamine

(0.41 g, 4.70 mmol). The mixture was heated in a sealed flask to 80°C for 18h and after cooling

another portion of N-methyl-n-propylamine (0.12 g, 1.54 mmol) was added. Heating is then

continued for 8h. Work-up by cooling, filtration, rinsing the residue with ether (5 x 10 mL) and

evaporation of the solvents. The resulting yellow/brown solid was dissolved in methanol (25

mL), cooled to 0°C and the pH was adjusted to 4 by adding acetic acid. Then NaBH3CN (0.37g,

5.85 mmol) was added slowly. After stirring at 0°C for 30 min the cooling bath was removed

and the reaction mixture was stirred at RT for 2h. The solvent was evaporated and the residue

partitioned between 50% aqueous NaHCO3 (20 mL) and ether (50 mL). After separation of the

layers the aqueous layer was extracted with chloroform (3 x 25 mL). The combined ether layers

were washed with brine, dried (Na2SO4) and evaporated. The resulting oil was purified by

column chromatography (silica, dichloromethane/methanol, 20:1) and subsequently converted to

the hydrochloric salt. Yield: 0.51 g, 1.87 mmol (48%), mp 157-158°C. IR (KBr) 2944, 2446,

1652, 1385 cm-1; 1H-NMR (CDCl3) δ 2.71-2.78 (m, 1H), 2.51 (q, 2H), 2.27-2.41 (m, 9H), 1.83-

1.94 (m, 4H), 1.17-1.44 (m, 3H), 0.97 (t, 3H), 0.85 (t, 3H) ppm; 13C-NMR (CDCl3) δ 198.6,

156.1, 131.7, 55.5, 51.5, 43.9, 37.5, 34.4, 31.2, 24.4, 22.6, 22.1, 21.6, 13.4, 11.5 ppm; MS (EI)

m/z 235 (M+); Anal. (C15H25NO·HCl) C, H and N.

6-(N-Methyl-N-propargyl)-amino-3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one

(3.15). To a stirred solution of 3,4,7,8-tetrahydro-2H,5H-naphthalene-1,6-dione (0.25g, 1.40

mmol)30 and powdered 4Å molecular sieves (1 g) in toluene (10 mL) was added N-methyl-

propargylamine (0.13 mL, 1.54 mmol). The mixture was heated in a sealed flask to 80°C for 18h
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and after cooling another portion of N-methyl-n-propylamine (0.12 g, 1.54 mmol) was added.

Heating is then continued for 8h. Work-up by cooling, filtration, rinsing the residue with ether (5

x 10 mL) and evaporation of the solvents. The resulting yellow/brown solid was dissolved in

methanol (25 mL), cooled to 0°C and the pH was adjusted to 4 by adding acetic acid. Then

NaBH3CN (0.14 g, 2.10 mmol) was added slowly. After stirring at 0°C for 30 min the cooling

bath was removed and the reaction mixture was stirred at RT for 2h. The solvent was evaporated

and the residue partitioned between 50% aqueous NaHCO3 (20 mL) and ether (50 mL). After

separation of the layers the aqueous layer was extracted with chloroform (3 x 25 mL). The

combined ether layers were washed with brine, dried (Na2SO4) and evaporated. The resulting oil

was purified by column chromatography (silica, dichloromethane/methanol, 30:1) and

subsequently converted to the hydrochloric salt. Yield: 0.18 g, 0.71 mmol (51%), mp 120-

123°C. IR (KBr) 3188, 2931, 2467, 1666, 1389 cm-1; 1H-NMR (CDCl3) δ 3.40 (d, 2H), 2.53-

2.63 (m, 1H), 2.17-2.45 (m, 10H), 1.86-2.11 (m, 4H), 1.11-1.27 (m, 2H) ppm; 13C-NMR

(CDCl3) δ 198.6, 154.8, 131.6, 73.1, 56.3, 42.9, 38.4, 37.4, 35.4, 31.0, 25.2, 22.1, 21.7 ppm; MS

(EI) m/z 217 (M+); Anal. (C14H19NO·HCl) C, H and N.

6-(N,N-di-n-Propylamino)-3,3-dimethyl-3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one

(3.17). Dimedone (3.16) (5.0 g, 35.7 mmol), paraformaldehyde (1.1 g, 35.7 mmol),

dipropylamine (3.8 g, 37.5 mmol) and powdered 4Å molecular sieves (18 g) were mixed in

toluene (55 mL). Under vigorous stirring the mixture was heated to 85°C for 1h. Acetone (2.71

mL, 37.1 mmol) was introduced and heating continued for 50h. After cooling the mixture was

filtered and the residue was rinsed thoroughly (ethyl acetate). The organic layer was

concentrated to about 50 mL and , washed with 4N HCl (5 x 50 mL). The combined acidic

layers were basified to pH = 9 using 4N NaOH and then were extracted with ethyl acetate (5 x

50 mL). The combined organic layers were washed with brine, dried (MgSO4) and evaporated to

give a red solid (3.85 g, crude). The solid was dissolved in methanol (50 mL) and acetic acid

(2.0 mL) was added. After cooling the mixture to 0°C, NaBH3CN (0.90 g, 14.3 mmol) was

added slowly. The reaction mixture was allowed to warm up to RT overnight. Work-up by

evaporation of the solvent and partitioning of the residue between 50% aqueous NaHCO3 (20

mL) and ether (50 mL). After separation of the layers the aqueous layer was extracted with

chloroform (3 x 25 mL). The combined ether layers were washed with brine, dried (Na2SO4) and

evaporated. The resulting oil was purified by column chromatography (silica,
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dichloromethane/methanol, 20:1) and subsequently converted to the hydrochloric salt. Yield:

2.26 g, 7.2 mmol (21%), mp 98-102°C. IR (KBr) 2965, 2425, 1655, 1393 cm-1; 1H-NMR

(CDCl3) δ 2.57-2.82 (m, 2H), 2.43 (t, 3H), 1.91-2.21 (m, 8H), 1.38-1.50 (m, 6H), 1.01 (s, 3H),

0.96 (s, 3H), 0.85 (t, 6H) ppm; 13C-NMR (CDCl3) δ 198.9, 153.7, 130.5, 55.9, 52.3, 51.1, 45.3,

34.5, 32.9, 29.1, 27.0, 24.2, 22.4, 21.6, 11.6 ppm; MS (EI) m/z 277 (M+); Anal.

(C18H28NO·HCl·½H2O) C, H and N.

6-(N,N-di-n-Propyl)amino-8-phenyl-3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one

(3.19) 1,3-cyclohexadion (1.0 g, 8.9 mmol), benzaldehyde (0.94 g, 8.9 mmol), di-n-propylamine

(0.94 g, 9.3 mmol) and powdered 4Å molecular sieves (5 g) were mixed in toluene (15 mL).

Under vigorous stirring the mixture was heated to 85°C for 1h. Acetone (0.65 mL, 8.9 mmol)

was introduced and heating continued for 54h. After cooling the mixture was filtered and the

residue was rinsed thoroughly (ethyl acetate). The organic layer was evaporated to give a red oil

(2.19 g, crude) which was dissolved in methanol (30 mL) and acetic acid (2.0 mL) was added.

After cooling the mixture to 0°C, NaBH3CN (0.56 g, 8.9 mmol) was added slowly. The reaction

mixture was allowed to warm up to RT overnight. Work-up by evaporation of the solvent and

partitioning of the residue between 50% aqueous NaHCO3 (30 mL) and diethyl ether (20 mL).

After separation of the layers the aqueous layer was extracted with ethyl acetate (3 x 40 mL).

The combined organic layers were washed with brine, dried (Na2SO4) and evaporated. The

resulting oil was purified by column chromatography (silica, dichloromethane/ methanol, 20:1)

and subsequently converted to the hydrochloric salt that was recrystallized from ethanol/diethyl

ether. Yield: 0.88 g, 2.4 mmol (27%), mp 165-167 °C. IR (KBr) 2936, 2877, 2451, 1662, 1454

cm-1; 1H-NMR (CDCl3) δ 7.03-7.29 (m, 5H), 3.78 (br s, 1H), 2.85 (dt, 1H), 2.13-2.39 (m, 10H),

1.89-2.04 (m, 3H), 1.21-1.47 (m, 5H), 0.85 (t, 6H) ppm; 13C-NMR (CDCl3) 197.3, 158.4, 147.1,

135.0, 128.2, 127.9, 127.4, 126.4, 125.4, 55.2, 52.2, 42.2, 37.7, 36.9, 35.0, 31.9, 22.0, 21.5, 11.6

ppm; MS (EI) m/z 326 (M+1); Anal. (C22H31NO·HCl) C, H and N.

6-(N,N-di-n-Propyl)amino-8-(thiophen-2-yl)-3,4,5,6,7,8-hexahydro-2H-naphthalen-

1-one (3.20) 1,3-cyclohexadion (1.0 g, 8.9 mmol), 2-thiophenecarboxaldehyde (1.0 g, 8.9

mmol), dipropylamine (0.94 g, 9.3 mmol) and powdered 4Å molecular sieves (5 g) were mixed

in toluene (15 mL). Under vigorous stirring the mixture was heated to 85°C for 1h. Acetone

(0.65 mL, 8.9 mmol) was introduced and heating continued for 20h. After cooling the mixture
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was filtered and the residue was rinsed thoroughly (ethyl acetate). The organic layer was

evaporated to give a red oil (2.6 g, crude). The oil was dissolved in methanol (30 mL) and acetic

acid (2 mL) was added. After cooling the mixture to 0°C, NaBH3CN (0.56 g, 8.9 mmol) was

added slowly. The reaction mixture was allowed to warm up to RT overnight. Work-up by

evaporation of the solvent and partitioning of the residue between 50% aqueous NaHCO3 (30

mL) and diethyl ether (20 mL). After separation of the layers the aqueous layer was extracted

with chloroform (3 x 50 mL). The combined ether layers were washed with brine, dried

(Na2SO4) and evaporated. The resulting oil was purified by column chromatography (silica,

dichloromethane/methanol, 20:1) and subsequently converted to the hydrochloric salt that was

recrystallized from ethanol/diethyl ether. Yield: 1.0 g, 3.3 mmol (37%), mp 156-157°C. IR

(KBr) 2940, 2870, 2448, 1670, 1435 cm-1; 1H-NMR (CDCl3) δ 6.99-7.05 (m, 1H), 6.79-6.89 (m,

2H), 2.88 (br t, 1H), 2.23-2.49 (m, 12H), 1.89-2.00 (m, 2H), 1.39-1.65 (m, 5H), 0.87 (t, 6H)

ppm; 13C-NMR (CDCl3) δ 195.7, 162.3, 140.1, 133.5, 125.1, 121.6, 120.6, 54.0, 51.0, 36.4,

35.6, 35.5, 33.3, 30.5, 28.0, 20.1, 10.3 ppm; MS (EI) m/z 331 (M+); Anal. C20H29NOS·HCl) C,

H, N and Cl.

3.6.2 Pharmacology

General remarks. All compounds were tested as hydrochloride salts unless noted

otherwise. All in vivo experiments were performed at Parke-Davis Pharmaceutical Research

(Ann Arbor, MI, USA). Brain extraction experiments were performed at the laboratory animal

unit of the Rijksuniversiteit Groningen, The Netherlands.

The Ungerstedt model for Parkinson’s disease.25 Contralateral turning

experiments were essentially according to the original reference by Ungerstedt and

Arbuthnott. Briefly, rats were lesioned in right medial forebrain bundle (P4.8mm, L1.1mm, V-

8.2mm from bregma) with 8 mg / 4 mL of 6- hydroxydopamine HBr in saline with ascorbic acid

1 mg/ml added. After 3 weeks recovery, completeness of lesion was assessed with apomorphine

50 mg kg-1 sc. Only animals rotating more than 100 turns in an hour were used in subsequent

experiments. Rats were removed from home cages in morning, weighed, dosed and placed

into harnesses in rotorat apparatus. Rats sit in stainless steel, flat bottomed, hemispheric bowls

and are connected via the harness and a flexible spring tether to an automated data collection

system. Data is presented as full rotations in contralateral directions. Rats are used once weekly.
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Brain extraction. The experiments were largely adapted from Feenstra et al.43 Male

Wistar rats were administered 30 mg kg-1 sc of 3.14 or 10 mg kg-1 sc of 2.3a, or a saline

solution. After 30 min all prodrug treated animals showed stereotypical dopaminergic behavior.

The rats were then stunned, decapitated and the whole brain was removed quickly and kept in

liquid N2. Tissue homogenates were prepared with a Teflon pestle in 5 mL glass tubes filled

with 0.5 mL 0.1M HClO4 solution.  The homogenates were poured into polypropylene tubes.

The pestle and glass tubes were rinsed with 0.5 mL 0.1M HClO4 solution that was added to the

homogenate (total of about 3 mL). The homogenates were centrifuged at 3000 g at 4°C for 15

min. The supernatants were completely decanted into glass tubes. The pH was adjusted to 11 by

addition of saturated Na2CO3 (300 µL) solution. To the alkaline solution was added diethyl ether

(3 mL) and this was shaken vigorously for 30 min. Tubes were then centrifuged at 3000 g at 4°C

for 5 min and 80% of the organic layer was removed with a pipette. The extraction procedure

was repeated three times and the organic layers were combined and evaporated under a stream

of N2 gas at RT. The residue was dissolved in toluene (150 µL). Analyses was performed by

splitless injection of 4 µL of the solution into a Unicam 610-Automass 150 GC/MS system,

fitted with an Alltech CpSil, 10 meter column. Injection at 275 °C, column at 100-320oC, ramp

rate 10 °C /min, EI mass detection.

3.7 REFERENCES AND NOTES

1. Katerinopoulos, H. E., Schuster, D. I. Structure-Activity Relationships for Dopamine Analogs: a

Review. Drugs of the Future 1987, 12, 223-253.

2. Rodenhuis, N., Timmerman, W., Wikström, H. V., Dijkstra, D. Thiophene analogs of

naphthoxazines and 2-aminotetralins: bioisosteres with improved relative oral bioavailability, as

compared to 5-OH-DPAT. Eur.J.Pharmacol. 2000, 394, 255-263.

3. Glase, S. A., Corbin, A. E., Pugsley, T. A., Heffner, T. G., Wise, L. D. Synthesis and

Dopaminergic Activity of Pyridine Analogs of 5-Hydroxy-2-(di-n-propylamino)tetralin.

J.Med.Chem. 1995, 38, 3132-3137.

4. Seiler, M. P., Markstein, R. Further characterization of structural requirements for agonists at the

striatal dopamine D2 receptor and a comparison with those at the striatal dopamine D1 receptor.

Studies with a series of monohydroxyaminotetralins on acetylcholine release from rat striatum.

Mol.Pharmacol. 1984, 26, 452-457.



Chapter 3

112

5. Seiler, M. P., Stoll, A. P., Closse, A., Frick, W., Jaton, A., Vigouret, J. M. Structure-activity

relationships of dopaminergic 5-hydroxy-2- aminotetralin derivatives with functionalized N-alkyl

substituents. J.Med.Chem. 1986, 29, 912-917.

6. Van der Weide, J., De Vries, J. B., Tepper, P. G., Horn, A. S. Pharmacological profiles of three

new, potent and selective dopamine receptor agonists: N-0434, N-0437 and N-0734.

Eur.J.Pharmacol. 1986, 125, 173-282.

7. Rollema, H., Westerink, B. H. C., Mulder, T. B., Dijkstra, D., Feenstra, M. G. P., Horn, A. S.

The significance of COMT activity in controlling dopamine agonist levels in brain and serum:

studies with a prodrug and a metabolite of 6,7-ADTN. Eur.J.Pharmacol 1980, 64, 313-323.

8. Swart, P. J., De Zeeuw, R. A. Extensive gastrointestinal metabolic conversion limits the oral

bioavailability of the dopamine D2 agonist N-0923 in freely moving rats. Pharmazie 1992, 47,

613-615.

9. Wikström, H., Lindberg, P., Martinson, P., Hjorth, S., Carlsson, A. Pivaloyl esters of N,N-

dialkylated dopamine congeners. Central dopamine-receptor stimulating activity. J.Med.Chem

1978, 21, 864-867.

10. Nishiyama, S., Yamaguchi, I., Akimoto, Y., Yoshikawa, M., Nakajima, H. A novel orally active

dopamine prodrug TA-870. II. Evidence that TA-870 is a dopamine prodrug.

J.Cardiovasc.Pharmacol 1989, 14, 175-183.

11. Horn, A. S., de Kaste, D., Dijkstra, D., Rollema, H., Feenstra, M. G. P., Westerink, B. H. C.,

Grol, C. J., Westerbrink, A. A new dopaminergic prodrug. Nature 1978, 276, 405-407.

12. Sperk, G., Campbell, A., Baldessarini, R. J., Stoll, A., Neumeyer, J. L. Tissue levels of N-n-

propylnorapomorphine after treatment with (–)-10,11-methylenedioxy-N-n-propylnoraporphine,

an orally long- acting prodrug active at central dopamine receptors. Neuropharmacology 1982,

21, 1311-1316.

13. Hansen, K. T., Faarup, P., Bundgaard, H. Carbamate ester prodrugs of dopaminergic compounds:

synthesis, stability, and bioconversion. J.Pharm.Sci. 1991 , 80, 793-798.

14. Bodor, N., Farag, H. H. Improved delivery through biological membranes. XIII. Brain- specific

delivery of dopamine with a dihydropyridine in equilibrium with pyridinium salt type redox

delivery system. J.Med.Chem 1983, 26, 528-534.

15. Rascol, O., Blin, O., Thalamas, C., Descombes, S., Soubrouillard, C., Azulay, P., Fabre, N.,

Viallet, F., Lafnitzegger, K., Wright, S., Carter, J. H., Nutt, J. G. ABT-431, a D1 receptor agonist

prodrug, has efficacy in Parkinson's disease. Ann.Neurol 1999, 45, 736-741.

16. Johnson, S. J., Heffner, T. G., Meltzer, L. T., Pugsley, T. A., Wise, L. D. Dihydroanalogues of 5-

and 7-Hydroxy-2-aminotetralins: Synthesis and Dopaminergic Activity. Proceedings of the 208th

American Chemical Society National Meeting, MEDI-P175. 1994. Washington DC.



Analogs of PD148903 – Orally Active Anti-Parkinsonian Prodrugs

113

17. Grol, C. J., Jansen, L. J., Rollema, H. Resolution of 5,6-dihydroxy-2-N,N-di-n-

propylamino)tetralin in relation to the structural and stereochemical requirements for centrally

acting dopamine agonists. J.Med.Chem. 1985, 28, 683.

18. Grol, C. J., Rollema, H. Conformational analysis of dopamine by the INDO molecular orbital

method. J.Med.Chem. 1977, 29, 156.

19. McDermed, J. D.; Freeman, H. S.; Ferris, R. M. In Catecholamines: Basic and Clinical

Frontiers; Usdin, E., Koplin, I. J., Barchas, J., Eds. Pergamon Press: New York, 1979; pp 568-

570.

20. Wikström, H., Andersson, B., Sanchez, D., Lindberg, P., Arvidsson, L. E., Johansson, A. M.,

Nilsson, J. L. G., Svensson, K., Carlsson, A. Resolved monophenolic 2-aminotetralins and

1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolines: structural and stereochemical considerations for

centrally acting pre- and post-synaptic dopamine receptor agonists. J.Med.Chem. 1985, 28, 215-

225.

21. Hacksell, U., Svensson, U., Nilsson, J. L., Hjorth, S., Carlsson, A., Wikstrom, H., Lindenberg, P.,

Sanchez, D. N-Alkylated 2-aminotetralins: central dopamine-receptor stimulating activity.

J.Med.Chem 1979, 22, 1469-1475.

22. Seiler, M. P., Markstein, R. Further characterization of structural requirements for agonists at the

striatal dopamine D1 receptor. Studies with a series of monohydroxyaminotetralins on dopamine-

sensitive adenylate cyclase and a comparison with dopamine receptor binding. Mol.Pharmacol.

1982, 22, 281-289.

23. McDermed, J. D., McKenzie, G. M., Philips, A. P. Synthesis and Pharmacology of Some 2-

Aminotetralins. Dopamine Receptor Agonists. J.Med.Chem. 1975, 18, 362-367.

24. Seeman, P.; Niznik, H. B. Dopamine D1 receptor pharmacology; In ISA Atlas of pharmacology;

1988; pp 161-170.

25. Ungerstedt, U., Arbuthnott, G. W. Quantitative recording of rotational behaviour in rats after 6-

hydroxy-dopamine lesions of the nigrostriatal dopamine system. Brain Research 1970, 24, 485-

493.

26. Bertolini, G., Vecchietti, V., Mabilia, M., Norcini, G., Restelli, A. Dopamine receptor agonists. I.

Synthesis and pharmacological evaluation of 4-aryl-substituted analogues of 6,7-dihydroxy-2-

amino tetralin (6,7-ADTN) and related indane compounds. Eur.J.Med.Chem.Chim.Ther. 1992,

27, 663-672.

27. Costall, B., Lim, S. K., Naylor, R. J., Cannon, J. G. On the preferred rotameric conformation for

dopamine agonist action: an illusory quest? J.Pharm.Pharmacol 1982, 34, 246-254.

28. Bucholtz, E. C., Ehren, C., Brown, R. L., Randal, L., Tropsha, A., Booth, R. G., Wyrick, S. D.

Synthesis, Evaluation, and Comparative Molecular Field Analysis of 1-Phenyl-3-amino-1,2,3,4-



Chapter 3

114

tetrahydronaphthalenes as Ligands for Histamine H1 Receptors. J.Med.Chem. 1999, 42, 3041-

3054.

29. Wyrick, S. D., Booth, R. G., Raymond, G., Myers, A. M., Owens, C. E., Kula, N. S. Synthesis

and Pharmacological Evaluation of 1-Phenyl-3-amino-1,2,3,4-tetrahydronaphthalenes as Ligands

for a Novel Receptor with sigma-like Neuromodulatory Activity. J.Med.Chem. 1993, 36, 2542-

2551.

30. Paquette, L. A., Nitz, T. N., Ross, R. J., Springer, J. P. Ingenane Synthetic Studies. An Expedient

Approach to Highly Oxygenated ABC Subunits of Ingenol via Reductive Dialkylative

Annulation and α,β-Epoxy Ketone Photoisomerisation. J.Am.Chem.Soc. 1984, 106, 1446-1454.

31. Abdel-Magid, A. F., Carson, K. G., Harris, B. D., Maryanoff, C. A., Shah, R. D. Reductive

amination of aldehydes and ketones with sodium triacetoxyborohydride. Studies on direct and

indirect reductive amination procedures. J.Org.Chem. 1996, 61, 3849-3862.

32. Lane, C. F. Sodium Cyanoborohydride - A Highly Selective Reducing Agent for Organic

Functional Groups. Synthesis 1975, 135-146.

33. Abdel-Magid, A. F., Maryanoff, C. A., Carson, K. G. Reductive Amination of Aldehydes and

Ketones by Using Sodium Triacetoxyborohydride. Tett.Lett. 1990, 31, 5595-5598.

34. Barlaam, B., Boivin, J., Zard, S. Z. An improved total synthesis of 19-nor-steroids.

Bull.Soc.Chim.Fr. 1993, 130, 481-484.

35. Bowden, K., Braude, E. A., Jones, E. R. H., Weedon, B. C. L. Researches on Acetylenic

Compounds. Part II. (A) The Addition of Amines to Ethylnyl Ketones. (B) Auxochromic

Properties and Conjugation Power of the Amino Group. J.Org.Chem. 1946, 11, 45-52.

36. When a primary amine reacts with 3.1, the initially formed imine readily rearranges to the

enamine in which the electrons of six chemical bonds have become conjugated.

37. Meltzer, L. T. Maximum rotations in the Ungerstedt model for Parkinson's disease.

38. Magyar, K.; Esceri, Z.; Bernváth, G.; Sátory, E.; Knoll, J. In Monoamine Oxidase and their

Selective Inhibition; Magyar, K., ed. Akadémiai Kiadó: Budapest, 1979.

39. Darney, K. J., Lewis, M. H., Brewster, W. K., Nichols, D. E., Mailman, R. B. Behavioral effects

in the rat of dihydrexidine, a high-potency, full-efficacy D1 dopamine receptor agonist.

Neuropsychopharmacology 2001, 5, 187-195.

40. Robertson, G. S., Robertson, H. A. Synergistic effects of D1 and D2 dopamine agonists on turning

behaviour in rats. Brain Res. 1986, 384, 387-390.

41. Hesse, M.; Meier, H.; Zeeh, B. Hauptfragmentierungsreaktionen organischer Moleküle; In

Spektroskopische Methoden in der organischen Chemie; Georg Thieme Verlag Stuttgart: New

York, 1991; pp 223-227.

42. Horn, A. S. Pro-drugs of dopaminergic agonists. Chemistry & Industry 1980, 441-443.



Analogs of PD148903 – Orally Active Anti-Parkinsonian Prodrugs

115

43. Feenstra, M. G. P. Chromatography of some DA receptor agonists and bioanalysis in brain tissue

and blood: brain penetration and relation to pharmacological effects; In Dopamine Receptor

Agonists, Neuropharmacological and Bioanalytical Evaluation; Rijksuniversiteit Groningen,

Thesis, 1984; pp 149-202.



Chapter 3

116




