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gested by the parameter values based on the class models. 
And according to the suggestion, the peptide with the 
following structure is expected to have a sweet taste: L- 
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Structure-Activity Relationships of Dopaminergic 5-Hydroxy-2-aminotetralin 
Derivatives with Functionalized N- Alkyl Substituents 
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5-Hydroxy-2-aminotetralin derivatives in which one N-alkyl substituent carries a functional group have been prepared 
and their dopaminergic activities compared with those of 5-hydroxy-2-(di-n-propylamino)tetralin (5-OH-DPAT) 
and known ergolines. Several members of the series demonstrated high affinities in dopamine (DA) receptor binding 
and DA agonist properties in the rotational behavior model in the range of known potent ergolines. The results 
suggest that the accessory binding site for the larger N-alkyl substituent of the 5-hydroxy-2-aminotetralins can 
accommodate various neutral and bulky functionalities and is probably identical with the site(s) to which the 
8-substituents of the ergolines bind. 

Dopaminergic activity has been identified in a variety 
of structural types. The tetracyclic ergoline derivatives 
with three asymmetric centers figure certainly among the 
most complex ones, whereas the phenolic 2-aminotetralins 
seem to contain the minimal structural requirements for 
longer acting, metabolically stabilized dopamine (DA) 
anal0gues.l We have chosen the 2-aminotetralin skeleton 
as the starting point for the design of new clinically useful 
dopaminergic drugs to investigate whether these relatively 
simple structures could compete in in vivo tests with the 
prominent dopaminergic activities of the ergolines. 

By comparing phenolic 2-aminotetralins with either a 
primary or a tertiary amino group in vitro, we have ob- 
served that on DA1 and DA2 receptor subtypes N,N-di-n- 
propylation has no influence upon the activity of 7- 
hydroxyaminotetralin, the most active primary amine, but 
leads to an increase in activity of the corresponding 5- 
hydroxy derivative, rendering 5-hydroxy-2-(di-n-propyl- 
amino)tetralin (5-OH-DPAT) the most potent member of 
the series. This increase in activity (and affinity in DA 
receptor binding) upon N,N-dialkylation has been inter- 
preted in the sense that the N-propyl substituents of the 
5-hydroxylated aminotetralins can reach accessory binding 
~ites.~B Earlier investigations have revealed that the DA 
receptor can accommodate N,N-disubstituted DA ana- 
logues with one N-alkyl substituent not larger than n- 
propyl, whereas the structural requirements for the second 
N-substituent are less ~tringent.~-'O Similarly, n-butyl 

substitution at  the basic nitrogen of the ergolines results 
in compounds with strongly reduced dopaminergic activ- 
ities,l' suggesting that this N-substituent corresponds to 
the DA N-substituent with reduced steric freedom. It is 
tempting to speculate that the larger N-substituent of the 
N,N-dialkylated 5-hydroxyaminotetralins I (X = alkyl) 
could reach at the DA receptor the site(s) of the important 
8-substituent Y of the ergolines 11. We have therefore 
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Table I. Biological Activities 

~ ~~ 

contralateral turning in 
6-OH-DA-lesioned ratsb 

dose, max dur- 
[3H]DA [3H]spiroperidol: mg/kg total intensity, ation, 

DA receptor binding 

no.a R1 R2 ICw,nM ICw, nm 1P turnings turnings/min h 
1 n-Pr 49 i 10 1350 f 40 1 2538 f 346 22.7 6 
2 
3 
(-)-3C 
(+)-3d 
4 
5 
6 
7 
8 
9 
10 
11 
12 
(-)-12C 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
ref compd 
24 
25 

CM 29-712 
CQ 32-084 

n-Pr 130 i 15 
n-Pr 35 i 10 

37 f 10 
490 f 85 

Et 68 i 10 
Me 500 i 60 
n-Pr 91 i 35 
n-Pr 40 i 10 
n-Pr 48 i 10 
n-Pr 48 i 3 
n-Pr 58 f 15 
n-Pr 46 i 5 
n-Pr 43 f 9 

38 f 8 
n-Pr 110 i 15 
n-Pr 150 i 20 
n-Pr 185 f 65 
n-Pr 2000 f 500 
n-Pr 190 f 40 
n-Pr 38 f 20 
n-Pr 41 f 9 
n-Pr 100i 20 
n-Pr 220 i 50 
n-Pr 77 i 8 
n-Pr 140 i 30 

265 f 15 
120 i 4 

7500 f 1450 1 
790 f 117 1 
370 f 80 1 

3500 f 350 1 
920 f 220 1 

3500 f 500 1 
1500 * 230 1 
180 & 30 1 
140 f 30 1 
400 f 10 1 
530 f 100 1 

1020 f 10 1 
220 f 12 1 
230 f 10 1 

1860 f 20 1 
2200 100 1 
1450 f 350 1 
4580 f 940 1 
1800 f 620 1 
825 f 250 10 
220 f 19 1 
370 f 40 10 

1300 f 150 10 
525 f 85 1 
910 f 50 1 

520 f 15 1 
25 f 5 1 

<150 
1170 f 418 
3265 f 1085 

fbe 
<150 
<150 
1455 f 519 
1517 f 715 
656 f 358 

1735 f 600 
1859 f 390 
2658 f 425 
1982 f 374 
3590 f 697 
531 f 211 
347 f 172 
721 f 170 

159 f 115 
413 f 115 

1015 f 279 
857 f 176 

1216 f 465 
<150 

2607 f 155 
3688 f 357 

10.3 
12 

10.8 
8.7 
6.6 
7.7 
6.7 

12.5 
9.8 

15.2 
5.7 
7.4 

10.2 

1.6 
6.4 
7.8 
7.6 

10.4 

14.4 
11.8 

3 
6 

4 
6 
5 
7 
7 
7 
7 
7 
1 
2 
3 

4 
6 
3 
4 

5 

>7 
>7 

1796 f 60 9.7 >7 26 pergolide 18 f 4 145 & 15 1 -  
Compounds are racemic except were indicated. * n = 3. (2s) form. (2R) form. e fb = inactive. 

synthesized 5-hydroxy-Zaminotetralins I in which one of 
the N-alkyl substituents carries a functional group X. The 
latter could eventually further increase the affinity for the 
proposed accessory binding site. In addition, this func- 
tional group provides a means to modify the pharmacok- 
inetic parameters of the compounds, e.g., to decrease or 
facilitate the transport to the central nervous system 
(CNS). We report here the results of a series of compounds 
tested for circling behavior that appears to represent a 
valid model for antiparkinson activity. In addition, DA 
receptor binding was performed to allow a better inter- 
pretation of the in vivo studies. 
Chemistry 

Compounds were prepared by the methods illustrated 
in Scheme I, starting from known N-monoalkylated ami- 
notetralim III and IV.8 Direct N-alkylation of the phenolic 
amines IV with alkyl halides carrying the desired func- 
tional group X was normally the preferred method. The 
products I thus obtained could in several cases be trans- 
formed into new products I’ by functional group inter- 
change reactions. Compounds with aminoalkyl N-sub- 
stituents were advantageously prepared by an N- 
acylation/reduction procedure using protected amino acids 
as coupling partners for the methoxylated amines 111. 
Phenol ether cleavage was performed under acidic or nu- 
cleophilic conditions depending on the nature of the 
functional group X. 

Enantiomers were obtained analogously to the racemates 
from the enantiomers of I11 and IV, respectively, which 

were prepared from the described enantiomers of 2-(ben- 
zylamin0)-5-methoxytetralin.~~ The absolute configura- 
tions of the latter can be deduced from the literature.12J3 
Since configuration-preserving transformations were used, 
the absolute configuration of the products were deter- 
mined. 

Results and Discussion 
Table I summarizes the dopaminergic activity of the 

5-hydroxy-2-aminotetralin derivatives. 5-OH-DPAT ( 1)4 
was used as standard to study the influence of the func- 
tional group X. The three ergolines CM 29-712 (24),14 CQ 
32-084 (25),15 and pergolide (26)16 were used as reference 
compounds for a comparison between aminotetralin and 
ergoline skeletons. 

5-OH-DPAT (1) showed a high activity in the Unger- 
stedt model as could be expected from its ability to induce 
stereotyped behavior4 and from the results of the DA re- 
ceptor binding,2 respectively. Among the aminotetralins 

(12) McDermed, J. D.; McKenzie, G. M.; Freeman, H. S. J. Med. 
Chem. 1976,19, 547. 
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mon: New York, 1979; p 5568. 
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Method A: N-acetylation/reduction. Method B: N-alkylation. Method C: acidic phenol ether cleavage. Method D: nucleophilic 

phenol ether cleavage. Method E: functional group interchange. 

with functionalized N-alkyl substituents, many demon- 
strated quite prominent in vitro and in vivo effects, de- 
pending on the nature of the functional group X and the 
length of the connecting polymethylene chain. In the case 
of the nitrile derivatives 2,3, and 6, a three- or a four-atom 
link gave optimal results. The phenylalkyl derivatives 7 
and 8 did not differ largely, whereas among the sulfamides 
19 and 20, highest activities were found with an ethylene 
link. According to these results the optimal length of the 
connecting chain seem to depend on the incorporated 
functional groups X that may bind to different parts of 
the accessory binding site. Reduction of the size of the 
unsubstituted N-alkyl rest from n-propyl to ethyl and 
methyl in 4 and 5, respectively, resulted in a progressive 
decrease in in vitro activities and, propably due to lipo- 
philicity values below the threshold for a transport to the 
CNS, in compounds inactive in vivo. 

The various incorporated functional groups X caused 
a considerable modulation of activities. Aminotetralins 
containing N-alkyl substituents with terminal a-systems, 
e.g., 3, 7, 9, and 10, showed, in general, excellent effects. 
Also terminal halogen atoms or built-in heteroatoms lead 
in the case of the chloropropyl and (methy1thio)propyl 
derivatives 11 and 12 to activities similar to that of 5- 
OH-DPAT. The corresponding methoxypropyl and hy- 
droxypropyl derivatives 14 and 15 were considerably 
weaker, however, and introduction of a basic aminopropyl 
substituent yielded even an inactive compound (16). 
Transformation of the primary amino group in 16 into the 
corresponding N-acetamide 17, diethylurea 21, or di- 
methylsulfamides 20 reestablished slightly the in vitro, and 
in 17 and 20 also the in vivo activities, phenomena that 
might partly be explained by different distributions. The 
corresponding carbamate 22 demonstrated again high 
potency. Among the two enantiomers of 3, only the (-1- 
(2s) form showed in vivo activities as could be expected 
from a similar enantiospecificity of 5-OH-DPAT.2~3J2J3 

These results can be interpreted with respect to the 
suggested accessory binding site for the larger N-substit- 

uent of the 5-hydroxy-2-aminotetralins. The finding that 
replacement of one N-alkyl group of 5-OH-DPAT by 
various functionalized N-alkyl substituents has resulted 
in similar but not improved activities could mean that 
interactions with a-systems or electron lone pairs of het- 
eroatoms or hydrogen bonding with carbonyl or amide 
functions play no important role. This site, on the other 
hand, appears to accommodate large, bulky groups (e.g., 
diethylsulfamides) and very different functionalities 
without loss of affinity. Similar characteristics are known 
to exist for the binding site(s) of the 8-substituent of do- 
paminergic ergolines.16J7 The 8-substituent Y of the 
highly active ergolines 24, 25, and 26, when linked to the 
nitrogen of 2-(n-propylamino)-5-hydroxytetralin with an 
ethylene bridge, yield the equally potent compounds 3,19, 
and 12. Together, this seems to support our assumption 
that the larger N-alkyl substituent of the 5-hydroxy-2- 
aminotetralins and DA respectively bind to the same site 
as the 8-substituent of the dopaminergic ergolines. It can 
be expected that, in dopaminomimetic compounds such 
as the trans-7-hydroxyoctahydrobenzo[flquinolines in 
which the N-alkyl substituent points toward this site,1° 
similar functionalization should also preserve high dopa- 
minergic effects. Finally, the results of the two (-)-(2S) 
enantiomers of 3 and 12 demonstrate that, with relatively 
simple aminotetralins containing only one asymmetric 
center, one can reach the activities of complex ergoline 
molecules such as 24-26, i.e., the higher rigidity of the 
ergoline skeleton leads neither to increased affinity nor 
efficacy. 

In summary, it has been found that the larger N-alkyl 
substituent of the dopaminergic 5-hydroxy-2-amino- 
tetralins can be substituted by a variety of functional 
groups which most probably bind to the same accessory 
binding site(s) as the corresponding 8-substituent of the 

(17) Rutschmann, J.; Stadler, P. A. In Ergot Alkaloids and Related 
Compounds; Berde, B., Schild, H. O., Ed.; Springer Verlag: 
Berlin, 1978. 
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ergolines. Several of these derivatives show high in vitro 
and in vivo dopaminergic activities in the  range of the 
corresponding ergolines and offer promise as antiparkinson 
agents. T h e  (-)-(2S) enantiomers of 3 and 12 were 
therefore selected for extended pharmacological and tox- 
icological evaluation. 

Experimental Section 
Chemistry. Melting points were determined on a Buchi 

SMP-20 instrument and are not corrected. 'H hTlwl spectra were 
measured on d Bruker Spectrospin 360 lh-h (oc3I-360) instrument 
or 90-MHz (HX-90) spectrometer using MelSi as an internal 
standard. IR and mass spectra were also taken of the new com- 
pounds and were consistent with the proposed structures. Ele- 
mental analyses were within 0.4% of theoretical values, except 
where noted. All reactions were followed by TLC chrried out on 
Merck F254 silica gel plates. Solutions were dried over Na2S0, 
and concentrated with a Buchi rotary evaporator at  low pressure 
(water aspirator). Yields of crude oily products are only given 
if pure according to TLC and NMR. Each preparative method 
(Scheme I) is illustrated by a representative example; starting 
materials, method of synthesis, and physical properties of all new 
phenolic compounds are given in Table 11. 

General Methods (A-D). Method A. 2-[N-(2-Amino- 
ethyl)-N-n -propylamino 1-5-methoxytetralin (V, R = n - 
propyl, X = NH2, n = 2). N-Hydroxysuccinimide (5.1 g, 44.3 
"01) was added to a solution of N-Cbz-glycine (9.3 g, 44.3 "01) 
in 150 mL of CH3CN. The itirred mixture was cooled to 0 "C, 
dicyclohexylcarbodiimide (9.15 g, 44.3 mmol) was added, and 
stirring was continued for 2 h at  room temperature. The formed 
dicyclohexylurea was removed by filtration, and 2-(n-propyl- 
amino)-5-methoxytetralins (111, R = n-propyl) (9.7 g, 44.3 mmol) 
in 50 mL of CH3CN was added to the clear solution. After 
standing for 15 h at room temperature, the reaction mixture was 
concentrated in vacuo. Chromatography of the residue on silica 
gel using CH2C12/MeOH (91, CH2C12/1D% saturated with NH3) 
as eluant gave 15.0 g (82%) of the Cbz-glycinamide derivative 
as an oil. 

I t  was subjected to Cbz group cleavage by hydrogenation in 
150 mL of MeOH in the presence of 2 g of 10% Pd/C. The 
resulting glycinamide (9.5 g, 34.4 mmol) obtained as an oil after 
fitration and evaporation of the solvent was used without further 
purification in the following reduction reaction: after dissolution 
in 150 mL of THF, 1 M borane-THF complex (140 mL) was added 
and the resulting reaction mixture stirred during 20 h at 80 "C. 
After treatment with EtOH and evaporation, the residue was taken 
up in 2 N EtOH-HC1, refluxed during 2 h, evaporated, and 
distributed between CHzC12 and 1 N NaHC03. Chromatography 
of the CH2C12 layer on silica gel using CH2C12/MeOH (91, CH2C12 
10% saturated with NH3) yielded 6.8 g (75%) of the title com- 
pound. Dihydrochloride (Et20): mp 110-112 "C. Anal. (c16- 

2- [N- (  3-Aminopropy1)-N-n -propylamino]-5-methoxy- 
tetralin (V, R = n -propyl, X = NH2, n = 3) was obtained in 
an analogous manner. Naphthalene-1,5-disulfonate (MeOH/EhO) 
mp 280-284 OC. Anal. (C17H,sNzO~CloHs06Sz) C, H, N. 

Method B. 2-[N-(3-Cyanopropyl)-N-n -propylamino]-6- 
hydroxytetralin (3). A solution of IV (R = n-propyl) (3.6 g, 18 
mmol), 4-bromobutyronitrile (2.6 g, 18 mmol), and Nfl-diiso- 
propylethylamine (2,3 g, 18 mmol) in 50 mL of DMF was stirred 
a t  50 "C for 60 h. The solvent was evaporated, and the residue 
was taken up in water, adjusted with 2 N NaOH to pH 9, and 
extracted with CH2ClF The organic layer was purified by 
chromatography on silica gel with CH2C12/MeOH (9:1, CH2C12 
10% saturated with NH3) as eluant. The product (3.3 g, 64 %)) 
was obtained as a colorless oil. Hydrochloride (EtOH/EhO) mp 

H26N20.2HCl) C, H; N: calcd, 8.4; found, 7.9. 

194-197 "C. 
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Method C. 2-[N-[2-[(N,N-Diethylsulfamoyl)amino]- 
ethyl]-N-n -propylamino]-5-hydroxytetralin (19). To a stirred 
solution of 2-[N-[2-(N,N-Diethylsulfamoy1)amino]ethyl]-N-n- 
propylamino]-5-methoxytetraIin (V, R = n-propyl, X = (Et2)- 
NS02NH, n = 2) (2.1 g, 5.3 mmol) in 50 mL of CH2C12 was added 
dropwise BBr3 (1.8 mL, 18.6 "01) at 0 "C. The reaction mixture 
was allowed to reach room temperature, stirred for 2 h, poured 
into 2 N Na2C03, and extracted with CH2C12. After drying and 
evaporation, the organic layer yielded 2.0 g (100%) of the product 
as an oil. Hydrochloride (EtOH/Et20) mp 220-222 "C. 

Method D. 2-[N-[3-(Methylthio)propyl]-N-n -propyl- 
amino]-5-hydroxytetralin (12). A suspension of NaH (1.25 g, 
52 mmol) in 50 mL of DMF was treated with EtSH (4.2 mL, 57 
mmol) and stirred a t  room temperature for 15 min. Then, a 
solution of 2-[N-[3-(methylthio)propyl]-N-n-propylamino]-5- 
methoxytetralin (V, R = n-propyl, X = CH3S, n = 3) (5.7 g, 18.5 
mmol) in 40 mL of DMF was added and the mixture stirred for 
20 h a t  120 "C. After removal of the solvent, the residue was 
dissolved in 2 N HCl and washed with Ego. The aqueous phase 
was adjusted to pH 11 and reextracted with CH2C12. Chroma- 
tography of the content of the organic layer on silica gel with 
CH2C12/EtOH/NH40H (980:18:2) gave 3.8 g (70%) of the title 
compound. Hydrogen fumarate (EtOH) mp 70 "C dec. 

Special Methods (E). 2-[N-(3-Azidopropyl)-N-propyl- 
amino]-5-hydroxytetralin (10). A solution of methanesulfonyl 
chloride (3.7 mL, 48 mmol) in 10 mL of CHC13 was slowly added 
a t  -5 "C to a solution of 15 (5.0 g, 19 mmol) and Et3N (6.9 mL, 
49 mmol) in 10 mL of CHC13. After 1 h at  0 "C the reaction 
mixture was quenched with 30 mL of water and the CH2C12 layer 
was separated, washed with water, and concentrated. The crude 
dimesylate, obtained as an oil, was dissolved in 50 mL of DMF 
and a solution of NaN3 (13.0 g, 200 mmol) in 30 mL of water was 
added. The mixture was stirred at 100 "C under Ar for 15 h and 
f i y  concentrated at 40 "C in vacuo. The residue that contained 
the title compound in the form of its 5-mesylate WBB dissolved 
in 30 mL of i-PrOH and hydrolyzed by stirring with 20 mL of 
30% NaOH at 90 "C for 6 h. The pH of the reaction mixture 
was then adjusted with HCl to 9, and the mixture was extracted 
with CH2C12. The content of the organic layer was chromato- 
graphed on silica gel with CH2C12/EtOH/NH40H (99O:lO:l) as 
eluant and gave 2.9 g (52%) of pure product. Hydrochloride 
(i-PrOH) mp 126-128 "C. 
2-[N-[3-(Methylthio)propyl]-N-n -propylamino]d-meth- 

oxytetralin (V, R = n-propyl, X = CH3S, n = 3). N-Alkylation 
of 111 (R = n-propyl) by method B using 3-iodopropanol as reagent 
gave 2-[N-(3-hydroxypropyl)-N-n -propylamino]-5-meth- 
oxytetralin in 86% yield [naphthalene-1,5-disulfonate (EtOH) 
mp 99-101 "C; anal. (Cl7HZ7NO2) H, N, 0; C: calcd, 73.6; found, 
74.21. This compound (6.2 g, 22 mmol) was dissolved in 50 mL 
of CHC13, and SOClz (3.7 mL, 50 "01) was added dropwise. The 
mixture was refluxed for 1 h and then evaporated. The residue 
was distributed between water and CH2C12, and the organic layer 
was washed with 2 N NaOH and water, dried, and evaporated. 
Crude 2-[N-(3-chloropropyl)-N-n -propylamino]-5-meth- 
oxytetralin (V, R = n-propyl, X = C1, n = 3), thus obtained, was 
converted in ethanolic solution to the naphthalene-l,5-disulfonate: 
8.5 g (87%), mp 193-195 "c; and. (C,&&NO) c, H, c1, N, 0. 

The title compound was obtained from the 3-chloropropyl 
derivative in the following way: Na (0.67 g, 29 mequiv) was 
dissolved in 15 mL of EtOH, a solution of MeSH (1.56 mL, 28 
mmol) in 20 mL of EtOH was added, and the mixture was stirred 
at  45 "C for 10 min. Then, a solution of V (R = n-propyl, X = 
C1, n = 3) (5.6 g, 19 mmol) in 35 mL of EtOH was added and the 
mixture stirred a t  50 "C for 1 h. After evaporation, the residue 
was distributed between Et20  and water, and the organic layer 
was washed with saturated aqueous NaC1, dried, and evaporated. 
The oily residue (5.8 g, 100%) was directly employed in the ether 
cleavage reaction (method D). 

24  N-[3-(Methylsulfonyl)propyl]-N-n -propylamino]-5- 
methoxytetralin (V, R = n-propyl, X = CH3S02, n = 3). 
Compound V (R = n-propyl, X = CH3S, n = 3) (9.2 g, 30 mmol) 
in 90 mL of AcOH was stirred with 35% HzOz (7.5 mL, 87 mmol) 
at  60 "C for 1 h. After cooling, the reaction mixture was poured 
on 30% NaOH/ice, extracted with CH2C12, and washed with water. 
The organic layer was dried and evaporated and the resulting oil 
chromatographed on silica gel with toluene/EtOAc (3:l) as eluant 
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Table 11. Physical Properties 
starting material/ 

no. Rl R2 prepn method" mp, 'C formulaC anal. 
2 (CHz)zCN n-Pr IV/B 203-204 ClBH22N20.HCl C, H, C1, N, 0 
3 (CH&CN n-Pr IV/B 194-197 C17H24N20.HCl C, H, C1, N, 0 
4 (CHz),CN Et IV/B 237-239 C ~ G H ~ ~ N ~ O * H C ~  Ce, H, C1, N, 0 
5 (CHz)&N Me IV/B 230-232 C15H20N20J/znd C, H, N, 0, S 
6 (CHz)&N n-Pr IV/B 156-158 ClsH26NzO.HCl Cf, H, C1, N, 0 
7b (CH,),Ph n-Pr IV/B 178-181 C21H27NO.HCl C, H, C1, N, 0 
8 (CHz)J'h n-Pr IV/B 161-164 C22HBNO.HCl C, H, C1, N, 0 
9 (CH2)3CH=CH2 n-Pr IV/B 148-151 ClsH27NO.HCl C, H, C1, N 

10 (CHANa n-Pr 15/E 126-128 C16H24N4O.HC1 C, H, C1, N, 0 
11 (CH&Cl n-Pr 15/E 218-220 C16H24C1N0.1/2nd C, H, C1, N, 0, S 
12 (CH2),SMe n-Pr III/B, E, D 70 dec C17H27N0S.f~ C, H, N, S 
13 (CH2)3S02Me n-Pr III/B, E, D 196-200 C17H27N03S.HCl C, H, C1, N, S 
14 (CH2h0Me n-Pr IV/B 127-128 C17H27N02 C, H, N 
15 (CHz)30H n-Pr IV/B 129-130 C16H25NO2 C, H, N, 0 
16 (CH&NHz n-Pr III/A, C 81-83 C16H26N20 C, H, N, 0 
17 (CH2)SNHAc n-Pr 16/E 117-118 ClsHzsNzOz C, H, N, 0 
18 (CH2)&ONHMe n-Pr 23/E 226-229 ClsHzsN202J/2nd C, H, N, 0, S 

21 (CH2)3NHCONEtZ n-Pr 16/E 150 dec C21H35N302'pm Cg, H, N, 0 
22 (CH2)SNHCOOEt n-Pr 16/E 123 dec C19H~N203.HCl C, H, C1, N 
23 (CH,),COOMe n-Pr 3 1 ~  159-161 ClsH27N03.HCl C, H, C1, N, 0 

19 (CH2)2NHS02NEt2 n-Pr III/A, E, C 220-222 C19H33N303S'HCl C, H, N, 0, S 
20 (CH2)3NHS02NMe2 n-Pr 16/E 161-163 C1BH31N303S'HCl C, H, C1, N, 0, S 

"Compare Scheme I. bReference 8. 'nd = naphthalene-l,5-disulfonic acid; fu = fumaric acid; pm = pamoic acid = 2,2'-dihydroxy-l,l'- 
dinaphthylmethane-3,3'-dicarboxylic acid. dDecomposition. e C: calcd, 65.2; found, 64.7. f C: calcd, 67.0; found, 66.5. g C: calcd, 70.5; 
found, 70.0. 

to obtain 3.3 g (32%) of the title compound as a resin. Anal. 

2-[N-[3-[ (N,N-Dimethylsulfamoyl)amino]propyl]-N- 
propylamino]-5-hydroxytetralin (20). Compound 16 (1.3 g, 
5 mmol) and EGN (0.77 mL, 5.5 mmol) in 20 mL of THF was 
treated dropwise with dimethylsulfamoyl chloride (0.6 mL, 5.5 
mmol) at -10 'C. The reaction mixture was allowed to reach room 
temperature and stirred for 15 h. Then a new portion of di- 
methylsulfamoyl chloride (0.6 mL) and EGN (0.77 mL) was added, 
and stirring was continued for 24 h. After evaporation the residue 
was distributed between CH2C12 and 2 N tartaric acid, and the 
aqueous phase was adjusted with NaOH to pH 9 and reextracted 
with CH2C12. The organic layer was dried and evaporated, and 
the crude title compound was converted to ita hydrochloride in 
EtOAcli-PrOH/Et20: 1.55 g (77%), mp 161-163 "C. In an 
analogous manner compounds 17,19,21, and 22 were synthesized. 

2-[N-[ 3-(Methylcarbamoyl)propyl]-N-n -propylamino]- 
5-hydroxytetralin (18). Compound 23-HC1(195 g, 4.4 mmol) 
was treated in an autoclave with excess MeNHz at 70 "C for 48 
h. After evaporation, the residue was distributed between CH2C12 
and 2 N Na2C03, and the organic phase was dried, concentrated, 
and converted in EtOH to its naphthalene-l,5-disulfonate: 1.45 
g 73%), mp 226-229 'c. 

2-[N-[ 34 Methoxycarbonyl)propyl]-N-n -propylamino]- 
5-hydroxytetralin (23). A solution of 3.HC1 (2.2 g, 7.1 mmol) 
in 50 mL of MeOH was saturated with HCl at 20 'C. The re- 
sulting mixture was stirred at 70 'C for 3 h. Water (0.15 mL, 8.3 
"01) was added and stirring continued for another hour. After 
evaporation, the residue was distributed between CH2C12 and 
NaOH (pH lo), the organic layer dried and concentrated, and 
the crude product converted in i-PrOH to its hydrochloride: 1.25 
g (52%), mp 159-161 'C. 

Enantiomers. (-)-(25)-2-(n -Propylamino)-5-methoxy- 
tetralin ((-)-111, R = n-propyl). I-Iodopropane (13.4 g, 74.4 
mmol) was added to a stirred mixture of (-)-2-(benzylamino)-5- 
methoxytetralin12 (7.0 g, 26.1 mmol) and K2C03 (10.8 g, 78.3 mmol) 
in 70 mL of 2-butanone. The mixture was stirred during 30 h 
a t  90 'C and then evaporated. The residue was distributed 
between CHzClz and water, and the organic layer was separated, 
dried, and evaporated to give 8.0 g (99%) of crude (-)-(2S)-2- 
(N-benzyl-N-n-propylamino)-5-methoxytetralin ( [aI2OD -50.0' (c 
1, CH,OH)), which was pure according to TLC and NMR and 
was used without further purification. Debenzylation of this 
compound (6.2 g, 20 mmol) was accomplished by hydrogenation 
in 100 mL of EtOH containing AcOH (1.2 g, 20 mmol) in the 
presence of 10% Pd/C (0.62 g) under room temperature condition. 
The residue obtained after fdtration and evaporation of the solvent 

( C ~ B H ~ N O ~ S )  C, H, N, S. 
was distilled at 12C-126 "C (0.01 mmHg) and yielded 3.7 g (84%) 
of the product; [(u]20D -72.7' ( c  1, CH30H). The optical purity 
of the compound was checked by conversion with (-)+?)-a- 
methylbenzyl isocyanate into the corresponding urea: in the NMR 
(C,& 360 MHz) only one doublet was observed in the CH3 region, 
centered at 6 1.38, as compared to the corresponding racemate 
with two doublets appearing. 

The corresponding (+)-(2S) enantiomer was synthesized in an 
andogous manner; [ (YImD +70.5' (c 1, CH30H). 

(-)-(25)-2-(n -Propylamino)-5-hydroxytetralin ((-)-IV, R 
= n-propyl). Compound (-)-Ill (R = n-propyl) (11.8 g, 54 mmol) 
was dissolved in 80 mL of 48% HBr and stirred under Ar a t  130 
"C for 15 h. After the solution cooled, the hydrobromide crys- 
tallized from the aqueous solution. It was filtered, converted to 
the free base by treatment with 2 N NaOH (final pH = 9), and 
extracted with CH2C12. The dried organic layer was evaporated 
and yielded 6.8 g (61%) of the product as an oil; [(Y]"D -75.0' 
( c  1, CH30H). The corresponding (+)-(2R) enantiomer was 
synthesized in an analogous manner; [(YI2OD +73.7' (c 1, CH30H). 

(-)-(25 )-2-[N-(3-Cyanopropyl)-N-n -propylamino]-5- 
hydroxytetralin ((-)-3). The compound was synthesized s t a t i n g  
from (-)-IV (R = n-propyl) according to method B. Hydrochloride 
(i-PrOH): mp 189-190 'c; free base, [(YI2OD -45.6' (c 1, CH30H). 
(+)-3 was obtained in an analogous manner; hydrochloride (i- 
PrOH): mp 189-190 'C; free base, [a]20D +45.0° ( c  1, CH30H). 

(-)-(25)-2-[N-[3-(Methylthio)propyl]-N-n -propyl-  
amino]-5-hydroxytetralin ((-)-12). The compound was pre- 
pared with use of (-)-I11 (R = n-propyl) as the starting material 
according to the method described for the racemate: hydrogen 
fumarate mp 70 'C dec; free base, [ a I z 0 ~  -45.2' (c 1, CH30H). 
The intermediates showed the following optical rotations (free 
base): (-)-V (R = n-propyl), X = OH (n = 31, [aI2OD -52.0' (c 

(c 1, CH30H); (-)-V (R = n-propyl), X = SCH3 (n  = 31, [aI2OD 

Pharmacology. Circling Behavior. Induction of contrala- 
teral turnings were determined in rats with unilateral degeneration 
of the nigrostriatal pathways. The technique employed was 
derived from that of Ungerstedtl8 as described in detail in ref 14. 

DA Receptor Binding. Binding studies with [3H]DA and 
[3H]spiroperidol as radioligands in membrane fractions from calf 
caudate nucleus were performed according to the l i t e r a t ~ r e ' ~ . ~ ~  

1, CHSOH); (-)-v (R = n-propyl), x = c1  (n  = 31, [ C X ] ~ D  -46.8' 

-48.4' (C 1, CH3OH). 

(18) Ungerstedt, U. Acta Physiol. Scand., Suppl. 1971, 367. 
(19) Burt, D. R.; Creese, I.; Snyder, S. H. Mol. Pharmacol. 1976,12, 

800. 
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78598-65-9; (f)-llJ/2nd, 78598-66-0; (*)-12,7859847-7; (-)-(S)-l2, 

78598-63-7; (f)-14, 78598-58-0; (f)-15, 78598-59-1; ( i)-15 (di- 
mesylate), 101403-15-0; (f)-16, 101403-02-5; (f)-17, 78598-83-1; 
(f)-18,78598-79-5; (f)-18.1/2nd, 78598-80-8; (f)-19,101403-11-6; 

78-4; (f)-21, 78598-72-8; (*)-21*pm, 101403-03-6; (&)-22, 

23.HC1,78598-71-7; (*)-I11 (R = Pr), 78598-91-1; (-)-(5')-I11 (R 
= CH2C6H5), 58349-23-8; (-)-(S)-III (R = Pr), 101403-24-1; 
(+)-(R)-III (R = Pr), 101403-25-2; (f)-IV (R = Pr), 78598-89-7; 
( i ) -IV (R = Et), 101403-19-4; ( i ) -IV (R = Me), 101403-20-7; 
(-)-(S)-IV (R = Pr), 101470-23-9; (+)-(R)-IV (R = Pr), 101470- 
24-0; (+V (R = Pr, X = NHz, n = 2), 101403-17-2; (*)-V (R = 
Pr, X = NH2, n = 3), 101403-18-3; ( i ) - V  (R = Pr, X = 
NHS02NEt2, n = 2), 101403-21-8; (*)-V (R = Pr, X = SMe, n 
= 3), 78598-90-0; (+V (R = Pr, X = OH, n = 3)~'/~nd, 78598-886; 
( i ) -V  (R = Pr, X = C1, n = 3), 78598-49-9; ( i ) -V (R = Pr, X = 
C1, n = 3)e1/~nd, 78598-50-2; (h)-V (R = Pr, X = S02Me, n = 3), 

(-)-(S)-V (R = Pr, X = OH, n = 3), 101470-25-1; (-)-(S)-V (R = 
Pr, X = C1, n = 3), 101470-26-2; (-)-(S)-V (R = Pr, X = SMe, 
n = 3), 101470-27-3; C6H,CH20CONHCH2C02H, 1138-80-3; 

15-3; Br(CH2)3CN, 5332-06-9; I(CH2)30H, 627-32-7. 

7tmatx-3; (rt)-it.fu, m98-51-3; (f)-i3,ioi403-10-5; (*)-I~.HC~, 

(&)-19*HCl, 78598-53-5; (&)-20, 101403-12-7; (&)-2O*HCl, 78598- 

101403-13-8; (*)-22*HCl, 78598-70-6; ( i)-23, 101403-14-9; (f)- 

101403-22-9; (-)-(S)-V (R = C H ~ C ~ H S ,  X = CH3), 101403-23-0; 

C6H&H20CONHCH2CONH2,949-90-6; H2NCH&H2NH2,107- 

with minor modifications as described in ref 21. 
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Conformational Analysis of the Dopamine-Receptor Agonist 
5-Hydroxy-2-(dipropylamino)tetralin and Its C(2)-Methyl-Substituted Derivative 

Anders KarlBn,+ Anette M. Johansson,? Lennart Kenne,' Lars Erik Arvidsson,' and Uli Hacksell*' 

Department of Organic Pharmaceutical Chemistry, Uppsala Biomedical Center, University of Uppsala, S- 751 23 Uppsala, 
Sweden, Department of Analytical Chemistry, KabiVitrum, S-112 87 Stockholm, Sweden. Received August 28, 1985 

The conformational preferences of the dopamine (DA) receptor agonist 5-hydroxy-2-(di-n-propylamino)tetralin (1) 
and the DA-inactive 5-hydroxy-2-methyl-2-(di-n-propylamino)tetralin (2) have been studied by use of molecular 
mechanics (MMP2) calculations and NMR spectroscopy. A good agreement is demonstrated between the exper- 
imentally determined (by NMR) and the calculated (by MMP2) conformational distribution of 1 and 2. In addition, 
there is a good agreement between bond distances and bond angles in the X-ray structure of the hydrobromide of 
1 and those in the corresponding MMP2 conformation. Results obtained demonstrate that the energetically preferred 
conformations of 1 and 2 are different: Compound 1 preferentially adopts half-chair conformations with a pseu- 
doequatorial nitrogen substituent whereas the low-energy conformations of compound 2 have a pseudoaxial nitrogen 
substituent. However, the results also indicate that the difference in conformational preferences is too small to 
account for the dopaminergic inactivity of 2. Therefore it is suggested that the steric bulk of the C(2)-methyl group 
per se prevents a proper alignment of (2S)-2 with DA receptors. 

5-Hydroxy-2-(di-n-propylamino)tetralin (I)' is a well- 
established dopamine (DA) receptor agonist in vivolab and 
in vitro.2 Due to its potency and selectivity for DA re- 
ceptors, compound 1 has served as the lead compound in 
several structure-activity relationship (SARJ ~tudies .~  As 
part of an ongoing investigation of the effects of intro- 
duction of methyl substituents in the nonaromatic ring of 
1,4 we synthesized and tested racemic 5-hydroxy-2- 
methyl-2-(di-n-propylamino)tetralin (2),5 the C(2)- 
methyl-substituted derivative of 1. Compound 2 exhibits 
a complex pharmacological p r ~ f i l e : ~  (a) It reverses res- 
erpine-induced akinesia, but this effect is not blocked by 
pretreatment with the DA-receptor antagonist haloperidol. 
(b) It increases the synthesis rate of 5-hydroxytryptamine 
but does not affect that of DA. (c) I t  raises the body 
temperature in rats. Notably, neither racemic 2 nor the 
enantiomers of 26 appear to act on DA receptors. Thus, 
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the introduction of a C(2)-methyl substituent in 1 com- 
pletely changes the pharmacological profile. 

1 

2 

~ 

(1) (a) McDermed, J. D.; McKenzie, G. M.; Phillips, A. P. J .  Med. 
Chem. 1975,18,362. The dopaminergic activity resides almost 
entirely in the 2S4-1 enantiomer of 1: (b) McDermed, J. D.; 
McKenzie, G. M.; Freeman, H. S. Zbid. 1976,19,547 (synthe- 
sis). (c) Giesecke, J. Acta Crystallogr., Sect. E 1980, 36, 110 
(X-ray crystallography). 

(2) (a) Tedesco, J. L.; Seeman, P.; McDermed, J. D. Mol. Phar- 
macol. 1979, 16, 369. (b) Seiler, M. P.; Markstein, R. Zbid. 
1982,22, 281. (c) Zbid. 1984, 26, 452. 
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