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NH,OH and then reprecipitated by the addition of 2 N HCl to
pH 4. The product was collected on a filter, washed with H,0
and (Me),CO, and dried in vacuo over P,Oz. There was obtained
1.08 g (60%): mp >200 °C dec (lit.”” mp 247-249 °C dec, hem-
ihydrate); TLC; HPLC; UV Ay 242 nm (e 49.1 X 10%); NMR
(CF5COOD) 5 8.04-7.24 (m, 7, aromatic), 5.33-5.00 (m, 3, NCH,
+ NCH), 3.18-2.30 (m, 4, (CHy),). Anal. (CgH;,NgO52.5H,0)
C,H, N.

5,8-Dideazaisoamethopterin (3b). A 600-mg (1.37 mmol)
sample of 3a was added to 33 mL of 0.1 N NaOH with stirring
in a N, atmosphere. A few drops of 1 N NaOH were added to
effect complete dissolution and the pH was then adjusted to 6.3
by the addition of 1 N HC1. Next, 0.54 mL (6.85 mmol) of 38%
CH,0 was added followed by slow addition of 172 mg (2.74 mmol)
of NaB(CN)H,. The pH was maintained at approximately 6.3
by periodic addition of 1 N HCL. After the addition was complete,
the mixture was allowed to stir overnight. The solution was then
basified to pH 12 with 1 N NaOH, stirred for 10 min to allow HCN
gas to escape, and then neutralized to pH 4 with 1 N HCl. The
precipitate was separated by filtration, washed with H,0, and
dried at 100 °C to yield 556 mg (90%) of greenish powder: mp
233-240 °C dec; TLC; HPLC (no 3a was detected in this sample);
UV Agar 245 nm (¢ 40.6 X 10°), 285 (14.1 X 10%); NMR (CF;COOD)
6 8.41-7.30 (m, 7, aromatic), 4.9 (m, 3, NCH, + NCH), 3.51 (s,
3, NCHa), 2.8-2.1 (m, 4, (CHz)z)- Anal. (CZZH24N605'2'5H20) C,
H, N

’10-.Formy1-5,8-dideazaisoaminopterin (3¢). A 480-mg (1.1
mmol) sample of 3a was dissolved in a mixture of 5 mL of (Ac),0
and 10 mL of HCOOH (97%) and stirred for 1.5 h. The solution

was added to 75 mL of Et,O and refrigerated. The resulting solid
was isolated by filtration and then washed with Et,0 and H,0.
The solid was suspended in 25 mL of H,0 and basified to pH 9
with 1 N NH,OH. The pH was then adjusted to 4 with 0.5 N
HCL The precipitate was separated by filtration, washed with
H,0, (Me),CO, and Et,0 and then vacuum dried to yield 446 mg
(87%): mp >321 °C dec; TLC; HPLC; UV Ay, 235 nm (e 44.5
x 103); NMR (CF,COOD) 5 8.73 (s, 1, NCHO), 8.10-7.25 (m, 7,
aromatic), 5.4-5.03 (m, 3, NCH, + NCH), 3.15-2.30 (m, 4, (CH,),).
Anal. (CZZHZZNGOG'SHZO) C, H, N.
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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 Postsynaptic Dopamine-Receptor

Agonists

Hakan Wikstrom,*' Bengt Andersson,’ Domingo Sanchez,! Per Lindberg,’ Lars-Erik Arvidsson,}
Anette M. Johansson,! J. Lars G. Nilsson,! Kjell Svensson,} Stephan Hjorth,S and Arvid Carlsson’

Organic Chemistry Unit, Department of Pharmacology, University of Goteborg, S-400 33 Géteborg, Department of Organic
Pharmaceutical Chemistry, Biomedical Center, University of Uppsala, S-75 123 Uppsala, and Department of Pharmacology,
University of Goéteborg, S-400 33 Géteborg, Sweden. Received March 22, 1984

A detailed structure—activity relationship is revealed for resolved, centrally acting dopamine (DA) agonists acting
on both pre- and postsynaptic DA receptors. The compounds resolved are 5- and 7-hydroxy-2-(di-n-propylamino)tetralin
and cis- and trans-7-hydroxy-4-n-propyl-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinoline. By the superimposition of
the structures of the more active enantiomers of these compounds with those of known dopaminergic agonists,
apomorphine and ergolines, a new DA-receptor model is proposed as an outgrowth of current DA-receptor theories.
One of the most important concepts of this receptor model is its emphasis on the possible positions taken by the
N-substituents of dopaminergic compounds. One of these positions is sterically well defined while the other direction
is sterically less critical. The model has been used to explain the lack of dopaminergic activity of some previously
reported structures and also to predict properties of novel structures, including inherent chirality, which should
be active at DA receptors. Hopefully, this heuristic DA-receptor model will lead to the discovery of more selective
and potent pharmacological tools, which ultimately might lead to the development of therapeutic agents for treating

diseases of dopaminergic function in the central nervous system.

In recent years much interest has focused on the ste-
reochemical aspects of drug action.! In the dopaminergic
field, the two well-known research tools apomorphine and
LSD are both optically pure and stereochemically defined
entities, i.e., apomorphine has the 6aR and LSD the 5R,8R
configuration.

By comparison of these two molecules (Figure 1) with
respect to their incorporated 2-aminotetralin structures,

tOrganic Chemistry Unit, Department of Pharmacology,
University of Goteborg.

$University of Uppsala.

$ Department of Pharmacology, University of Géteborg.

it is obvious that the chiral carbon atoms have opposite
stereochemistry. This has led several authors to propose
that the pyrroleethylamine moiety of ergots confers do-
paminergic properties to this class of compound.2-* All
available data indicate that it is the phenethylamine, or

(1) Patil, P. N.; Miller, D. D.; Trendelenburg, U. Pharmacol. Rev.
1974, 26, 323.

(2) Nichols, D. E. J. Theor. Biol. 1976, 59, 167.

(3) Bach, N. J.; Kornfeld, E. C.; Jones, N. D.; Chaney, M. O
Dorman, D. L.; Pascal, J. W.; Clemens, J. A.; Smalstig, E. B.
J. Med. Chem. 1980, 23, 481.

(4) Bach, N. J.; Kornfeld, E. C.; Clemens, J. A.; Smalstig, E. B. J.
Med. Chem. 1980, 23, 812.
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Figure 1. The absolute configurations of apomorphine and LSD.
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Figure 2. Resolved 2-aminotetralins.

rather the 2-aminotetralin moiety, which confers the high,
central dopaminergic properties to apomorphine. Many
studies have been performed on 2-aminotetralins substi-
tuted in various ways, both in the aromatic nucleus and
on the 2-amino function.! Very intriguing results have
been presented by McDermed et al., who studied resolved
2-aminotetralin derivatives.? The first compound to be
resolved was 5-hydroxy-2-(di-n-propylamino)tetralin (1)
(Figure 2).

The S enantiomer (1(S)) was about 10 times more potent
than apomorphine in eliciting stereotopy in the rat and
emesis in the dog. The R enantiomer (1(R)) was inactive
at the doses tested. This work was continued with the
resolution and pharmacological evaluation of 5,6-di-
hydroxy-2-(di-n-propylamino)tetralin (2), 6,7-dihydroxy-
2-aminotetralin (3), and 7-hydroxy-2-(di-n-propylamino)-
tetralin (4)121% (Figure 2). It was found that the stereo-
chemistry at carbon 2 for the more active enantiomer was

(5) McDermed, J. D.; McKenzie, G. M.; Freeman, H. S. J. Med.
Chem. 1976, 19, 547,

(6) Tedesco, J. L.; Seeman, P.; McDermed, J. D. Mol. Pharmacol.
1979, 16, 369.

(7) Cannon, J. G.; Lee, T.; Goldman, H. D.; Costall, B.; Naylor, R.
J. J. Med. Chem. 1977, 20, 1111,

(8) McDermed, J. D.; McKenzie, G. M.; Phillips, A. P. J. Med.
Chem. 1975, 18, 362. :

(9) Davis, A.; Roberts, P. J.; Woodruff, G. N. Br. J. Pharmacol.
1978, 63, 183.

(10) Horn, A. S.; De Kaste, D.; Dijkstra, D.; Rollema, H.; Feenstra,
M.; Westerink, B.; Grol, C.; Westerbrink, A. Nature (London)
1978, 276, 405.

(11) Hacksell, U.; Svensson, U.; Nilsson, J. L. G.; Hjorth, S.;
Carlsson, A.; Wikstrom, H.; Lindberg, P.; Sanchez, D. J. Med.
Chem. 1979, 22, 1469.

(12) Freeman, H. S.; McDermed, J. D. “Chemical Regulation of
Biological Mechanisms”, proceedings of the 1st Medicinal
Chemistry Symposium, Cambridge, England, Sept 1981 (spe-
cial publication/Royal Society of Chemistry ISSN 0260-6291;
No. 42).

(13) McDermed, J. D.; Freeman, H. S.; Ferris, R. M. In
“Catecholamines: Basic and Clinical Frontiers”; Usdin, E.,
Kopin, 1., Barchas, J., Eds.; Pergamon Press: New York, 1979,
Vol. 1, p 568.
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Figure 3. The fictive combination of 3-PPP and 2-aminotetralins.

5 and 6

S in the case of compounds 1 and 2, whereas it was the
opposite for compounds 4 and 8. These results were or-
ganized within the context of a hypothetical DA-receptor
model.12

Similar receptor models have been proposed by Grol and
Rollema!* from a very different approach using molecular
orbital calculations of low-energy conformations of DA and
by Seiler and Markstein!® after the pharmacological
evaluation of essentially the same compounds that
McDermed studied in models claimed to measure D1-re-
ceptor activities (cAmp and [H®]DA binding).’* In our
opinion, the above-mentioned studies comprise some of
the most interesting DA structure—activity relationships
(SAR) to date, and the proposed receptor models might
be used in the design of new dopaminergic agonists.

Another dimension of DA SAR which can be brought
into discussion at this stage is related to the concept of
presynaptic DA receptors (autoreceptors).®  When we first
reported 3-(3-hydroxyphenyl)-N-n-propylpiperidine (3-
PPP; 14) to be a selective DA-autoreceptor agonist, it was
in its racemic form.!” Recently we have published an
extensive pharmacological study on the resolved enan-
tiomers of 14,12 where we present the (+)-3R enantiomer
to be a classical DA-receptor stimulant, i.e., stimulating
both DA autoreceptors (low doses) and postsynaptic DA
receptors (high doses). The (-)-3S enantiomer likewise
stimulates DA autoreceptors at low doses but unexpectedly
also blocks postsynaptic DA receptors at higher doses. In
the racemate, the S isomer blocks the postsynaptic stim-
ulation from the R isomer, thus explaining the interpre-
tation of autoreceptor selectivity of the racemic mixture.
A similar antagonistic effect has been documented for the
apomorphine enantiomers, where the (+)-6aS enantiomer
antagonizes the stereotypic cage-climbing behavioral effects
in mice having received the (-)-6aR enantiomer, which is
the enantiomer commonly referred to simply as apo-
morphine.l® These aspects of agonist-antagonist inter-
actions between enantiomers have recently been discussed

(14) Grol, C.; Rollema, H. J. Pharm. Pharmacol. 1977, 29, 153.

(15) Seiler, M. P.; Markstein, R. Mol. Pharmacol. 1982, 22, 281.

(16) Carlsson, A. “Dopaminergic Autoreceptors”, proceedings of a
conference held in Géteborg, Sweden, July 1975; “Regulation
of Catecholamine Turnover”; Almgren, O., Carlsson, A., Engel,
J., Eds.; North-Holland Publishing Co.: Amsterdam, 1975; pp
219-225.

(17) Hjorth, S.; Carlsson, A.; Wikstrém, H.; Lindberg, P.; Sanchez,
D.; Hacksell, U.; Arvidsson, L.-E.; Svensson, U.; Nilsson, J. L.
G. Life Sci. 1981, 28, 1225.

(18) Hjorth, S.; Carlsson, A.; Clark, D.; Svensson, K.; Wikstrom, H.;
Sanchez, D.; Lindberg, P.; Hacksell, U.; Arvidsson, L.-E.; Jo-
hansson, A.; Nilsson, J. L. G. Psychopharmacology 1983, 81,
89.

(19) Riffee, W. H.; Wilcox, R. E.; Smith, R. V.; Davis, P. J.; Bru-
baker, A., proceedings of a satellite symposium to the 8th In-
ternational Congress of Pharmacology, Okayama, Japan, July
1981; Pergamon Press: New York.
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Figure 4. (a) Stereoscopic pair of compound 6(4aS,10bS). (b) Stereoscopic pair of compound 10(4aS,10bR).

for a series of resolved phenylpiperidines related to com-
pound 14.20 McDermed et al. have tested the possibility
of such an interaction of the enantiomers of compound 1
but have found no such interaction.’

With these very interesting results at hand, we thought
that it might be worthwhile to also investigate the enan-
tiomers of compounds 1 and 4 from the point of view of
their potential interaction with pre- and postsynaptic DA
receptors. The reason for selecting OH positions 5 and 7
in the aminotetralins is obvious from Figure 3. Free
rotation around the axis between the two rings of 14 gives
rise to an infinite amount of rotameric forms, two of which
are shown in Figure 3.

Previous studies on resolved compounds have not taken
into account the potential selective effects of these com-
pounds on central DA autoreceptors. Such effects would
not have been distinguished from postsynaptic effects if
solely in vitro methods were used!® or not discovered at
all if only behavioral models were used.> Thus, it would
be interesting to find out whether those enantiomers of
1 and 4, which have been classified as less potent in the
previous studies, possibly might be selective in stimulating
DA autoreceptors. In order to make the SAR study even
more comprehensive in this respect, we also performed the
resolution and pharmacological testing of both cis- and
trans-7-hydroxy-4-n-propyl-1,2,3,4,4a,5,6,10b-octahydro-
benzo[f]quinoline (5 and 6, respectively), with special

(20) Wikstrém, H.; Sanchez, D.; Lindberg, P.; Hacksell, U.; Ar-
vidsson, L.-E.; Johansson, A. M.; Thorberg, S.-0.; Nilsson, J.
L. G.; Svensson, K.; Hjorth, S.; Clark, D.; Carlsson, A. J. Med.
Chem. 1984, 27, 1030.

reference to central pre- and postsynaptic DA-receptor
stimulation (Figure 3).

In our paper on racemic octahydrobenzo[f]quinolines,
the cis isomer 5 was reported to be of low potency in tests
related to dopaminergic activity.?l Theoretically, the
reason for this could be that one enantiomer antagonizes
the other as in the case of racemic 14. The resolution and
pharmacological testing of the enantiomers of compound
5 were performed to examine such a possibility. Thus, the
aim of the present study was to make use of stereochem-
ically defined dopaminergic agonists of high potency for
a detailed SAR concerning pre- and postsynaptic DA re-
ceptors and, furthermore, to examine dopaminergic
agonists from this point of view.

The absolute configurations of the tricyclic compounds
have been determined by X-ray chrystallography. The
stereopictures are shown in Figures 4a and 4b.%

Chemistry. All compounds synthesized (except for
compound 16) are previously known in their racemic
forms.522  Compounds 1 and 4 have also been reported
to be resolved.>!® These resolutions were performed by
using the conventional recrystallization technique.

Another possibility for the preparative resolution of
optically active amines has been presented by Helmchen

(21) Wikstrom, H.; Sanchez, D.; Lindberg, P.; Arvidsson, L.-E,;
Hacksell, U.; Johansson, A.; Nilsson, J. L. G.; Hjorth, S;
Carlsson, A. J. Med. Chem. 1982, 25, 925.

(22) Sundell, S.; Lundmark, M.; Wikstrom, H., manuscript in
preparation.

(23) Hacksell, U.; Arvidsson, L.-E.; Svensson, U.; Nilsson, J. L. G.;
Sanchez, D.; Wikstrom, H.; Lindberg, P.; Hjorth, S.; Carlsson,
A. J. Med. Chem. 1981, 24, 1475.
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Table I. HPLC Separation Factors for Diastereomeric Amides

Wikstrém et al.

. a HPLC system
acid part amine part value hexane/EtOAc/EtOH
lactone 7 a-phenylethylamine 1.50 75:15:10
lactone 7 3-(3-methoxyphenyl)piperidine 1.10 0:100:0
lactone 7 5-methoxy-2-aminotetralin 1.00 80:15:5
O-methylmandelic acid a-phenylethylamine 175 95.5:3.75:0.75
O-methylmandelic acid 3-(3-methoxyphenyl)piperidine 1.50 82:15:3
O-methylmandelic acid 5-methoxy-2-aminotetralin 1.00 82:15:3
O-methylmandelic acid 5-hydroxy-2-aminotetralin 1.26 82:15:3
O-methylmandelic acid S5-methoxy-2- 1.25 91:7.5:1.5
(N-n-propylamino)tetralin .
O-methylmandelic acid 5-methoxy-2- 1.16 91:7.5:1.5
(N-benzylamino)tetralin
O-methylmandelic acid 5-hydroxy-2- 1.17 82:15:3
(N-n-propylamino)tetralin
O-methylmandelic acid 7-methoxy-2- 1.23 82:15:3
(N-n-propylamino)tetralin
O-methylmandelic acid cis-7-OMe-OHB[f]1Q? 1.31 82:15:3
O-methylmandelic acid trans-7-OMe-OHB[f]1Q 1.15 95.5:3.75:0.75
¢7-OMe-OHBI[f]Q denotes 7-methoxy-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinoline.
Table II. Physical Data
prepn yield,? optical
compd. no. and abs config method % mp,? °C [«]®, (MeOH)  purity,” % formula
1(R), R-5-OH-DPAT* B 50 226-229°  +67.2 (c 1.0)* 98.9 C,Hy;NO-HCl1
1(S), S§-5-OH-DPAT B 90 229-231/  —63.7 (c 1.0) 99.3
4(R), R-7-OH-DPAT B 89 165-168  +76.2 (c 0.82)¢ 98.7 C,sHysNO-HCI
4(S), S-7-OH-DPAT ] B 56 169-171 -76.2 (c 0.70)" 99.5
5(4aR,10bS), cis-7-OH-4-n-Pr-OHB[f]1Q} D 95 270-275 -12.8 (¢ 1.0) 99.5 C,6¢HysNO-HCl1
5(4a8S,10bR), cis-7-OH-4-n-Pr-OHB[f]1Q E 60 275-278 +9.8 (¢ 1.0) 100
6(4aR,10bR), trans-7-OH-4-n-Pr-OHB[/IQ B 35 202-295  +62.9 (c 0.33) 95.6 C,¢H3NO-HCI
6(4aS,10b9), trans-7-OH-4-n-Pr-OHB[f]Q C,D 86 296-299 -75.9 (c 0.32) 98.0
8(R), R-5-OMe-PATY A 30 278-280 +69.7 (¢ 1.0) 98.9 C4H;NO-HCl
8(S), S-5-OMe-PAT A 31 278-280 —63.0 (c 1.0) 99.3
9(R), R-7-OMe-PAT A 43 260-262 +70.2 (¢ 1.06) 98.7 CH;NO-HC1
9(S), S-7-OMe-PAT A 57 260-261 —72.6 (c 0.80) 99.5
10(4aR,10bS), cis-7-OMe-OHB[f1Q A 38 226-229 +2.0 (¢ 1.0) 99.5 C,H;,NO-HCl
10(4a8,10bR), cis-7-OMe-OHB[f]Q A 43 228-230 —2.4 (¢ 1.0) 100
11(4aR,10bS), cis-7-OMe-4-n-Pr-OHB[f1Q C 78 258-260 -13.0 (c 1.0) 99.5 C7Hy;NO-HCl
11(4aS,10bR), cis-7-OMe-4-n-Pr-OHB[f]Q C 65 254-258 +12.8 (¢ 1.0) 100
12(4aR,10bR), trans-7-OMe-OHBI[f1Q A 87 294-297  +81.1 (c 0.96) 95.6 C,H,;,NO-HCI*
12(4a8,10b8), trans-7-OMe-OHB[f1Q A 50 296-301 —-88.2 (¢ 1.05) 98.0
16, trans-4-n-Bu-9-OH-OHB[f1Q D! 75 277-279 - - C,7Hy;NO-HBr™

¢The yield notation is from the last step in the corresponding reaction sequence. bRecrystallization solvent was EtOH/ether for com-
pounds (both enantiomers) 1, 5, 8, 9, 10, 11, 12, and 16; MeOH/ether for compound 6 and acetone/ether for compound 4. °Optical purity
means the percentage of the dominating amide in the mixture, when coupling the resolved amine to (R)-(-)-O-methylmandelic acid. For the
tertiary amines the results from the corresponding secondary amines are given. 4DPAT denotes 2-(di-n-propylamino)tetralin. ¢Lit.5 mp
298-999 °C dec.; [a]%p +70° (c 2.0, MeOH). /Lit.5 mp 228-229.5 °C dec; [a]% ~71° (¢ 2.0, MeOH). #Lit."® [a]*, +79.6° (¢ 1.0, MeOH).
hLit.15 [a]2p —79.7° (c 1.0, MeOH). ‘OHB[/]Q denotes octahydrobenzo[f]quinoline. /PAT denotes 2-(n-propylamino)tetralin. *Not ana-
lyzed due to the small amount isolated. TLC and GLC show no impurities and both compounds were identical on GC/MS, showing M* at
m/e 217 and the base peak at m/e 216. ‘This compound was synthesized according to the methods used in ref 21 for the preparation of the
corresponding 4-n-Pr compound. ™Not analyzed due to the small amount isolated. TLC and GLC show no impurities and GC/MS show

M* at m/e 259 and the base peak at m/e 216.

et al.2¢ The method utilizes optically pure 8-phenyl-y-
butyrolactone (7) for the formation of diastereomeric am-
ides, which can be separated by conventional column
chromatography on SiO,. The amine enantiomers can be
recovered from the separated amides by mild acid hy-
drolysis. The reason for these amides to be liable to hy-
drolysis under mild conditions is anchimeric assistance
from the OH group in the side chain of the amides. The
method is also advantageous in the respect that one easily
recovers the starting lactone by simple extraction.
From the analytical work on optical purity determina-
tions made by Helmchen et al.,?® it is obvious that the
commercially available (R)-(-)-O-methylmandelic acid (i.e.,
(R)-(-)-a-methoxyphenylacetic acid) has qualities which
give its diastereomeric amides high « values in HPLC
analysis. This was the reason for us to compare the sep-

(24) Helmchen, G.; Nill, G. Angew. Chem. 1979, 1, 66.
(25) Helmchen, G.; Strubert, W. Chromatographia 1974, 7, 713.

aration factors for the diastereomeric amides of those
amines, which also were coupled to the lactone 7 (Table
I). In addition, (R)-(-)-O-methylmandeloyl chloride was
coupled to some other amines, which are potential pre-
cursors to the present series of resolved compounds. Table
1 shows that there is a tendency for the separation factors
of the O-methylmandelic amides to be better than those
of the corresponding amides obtained from lactone 7. In
addition, the chemical reactivity of O-methylmandeloyl
chloride for amide formation is much greater than that of
lactone 7.

However, O-methylmandelic amides suffer from the
disadvantage of not being easily hydrolyzable. Thus, we
have applied a method for cleaving these amides (tertiary)
in THF by using the base potoassium tert-butoxide.?

The compounds synthesized and their physical data are
presented in Table II

- Pharmacology. The in vivo biochemical test method
utilizes the well-established phenomenon of receptor-me-
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Table III. Biochemical and Behavioral Data

Dopa .
accumulation:® motor activity®
_EDg,’ nmol/kg “qoge, acc
no. and abs config limbic striatum nmol/kg  counts®
1(R) 410 650 39000 43 £ 9%
1(S) 3.7 3.7 310 155 £ 27%
4(R) 9.5 11 310 46 + 18%¢
4(S) 1900 2400 39000 33 £ 6*
5(4aR,10bS) I I 50000 31 + 23 ns
5(4aS,10bR) I r 50000 I
6(4aR,10bR) 320 410 3100 59 £ 11*
31000 138 + 20*¢
6(4aS,10bS) 14 14 1300 62 £ 11*
3100 78 114
16» I I 50000 75 £ 16%
14(R)* 1000 1300 13000 78 £ 14*
14(S)* 800 1700 213000 12 & 2%
(-)-(6aR)-apomorphine! 190 220 NT»

3 For experimental details, see the Experimental Section. ®Dose
giving a half-maximal decrease of Dopa formation in the rat brain
part, estimated from a dose-response curve comprising four to six
dose levels (n = 3-5) of the compound tested. °Statistics according
to the Student’s t-test; (*) p = 0.05 or less. ¢This effect was
blocked by haloperidol (0.5 mg/kg ip 30 min before drug adminis-
tration). ¢Inactive at 50 pmol/kg. Dopa accumulation expressed
as percent of controls were limbic 86%), striatum 60%. /Inactive at
50 umol/kg. Dopa accumulation expressed as percent of controls
were limbic 93%, striatum 92%. #This result was obtained after
a-methyl-p-tyrosine (250 mg/kg ip 60 min before drug adminis-
tration). »Compound 16 is trans-4-n-butyl-1,2,3,4,4a,5,6,10b-octa-
hydrobenzo[f]quinoline. ‘Inactive at 50 yumol/kg. Dopa accumu-
lation expressed as percent of controls were limbic 85%, striatum
75%. The corresponding values after haloperidol pretreatment
(0.5 mg/kg ip 30 min before drug administration) were limbic
90%, striatum 79%. /This effect was not blocked by haloperidol
(0.5 mg/kg ip 30 min before drug administration) but gave accu-
mulated counts (54 + 10) not significantly different from the result
obtained without haloperidol pretreatment. *From ref 20. ‘From
ref 11. ®NT = not tested.

diated feedback inhibition of the presynaptic neuron.
Thus, the synthesis rate of the catecholamines DA and
norepinephrine (NE) is inhibited by agonists (and acti-
vated by antagonists) at dopaminergic and a-adrenergic
receptors, respectively. Similarly, the synthesis rate of
5-HT is inhibited by 5-HT-receptor agonists.2»?® The
Dopa accumulation, following decarboxylase inhibition by
means of (3-hydroxybenzyl)hydrazine (NSD 1015), was
thus used as an indicator of the DA-synthesis rate in the
DA-predominant parts (i.e., limbic system, corpus stria-
tum) and the NE-synthesis rate in the NE-dominant re-
maining hemispheral portions (mainly cortex). The 5-HTP
accumulation was taken as an indicator of the 5-HT-syn-
thesis rate in the three brain parts. Behavioral and motor
activity recordings were carried out as previously described
with use of motility meters.1?® The biological data are
presented in Table III.

Results and Discussion

The biochemical results (Table III) from testing the
aminotetraling 1(R) and 1(S) and 4(R) and 4(S) are in
agreement with the results of McDermed et al.? and Seiler
and Markstein,!® thus confirming that the two more active

(26) Andef, N.-E.; Carlsson, A.; Haggendal, J. Annu. Rev. Phar-
macol. 1969, 9, 119.

(27) Aghajanian, G. K.; Bunney, B. S.; Kuhar, M. J. In “New Con-
cepts in Neurotransmitter Regulation”; Mandell, A. J., Ed,;
Plenum Press: New York, 1973; p 119.

(28) Neckers, L. M.; Neff, N. H.; Wyatt, R. J. Neunyn-Schmiede-
berg’s Arch. Pharmacol. 1979, 306, 173.

(29) Wikstrom, H.; Lindberg, P.; Martinson, P.; Hjorth, S.; Carls-
son, A.; Hacksell, U.; Svensson, U.; Nilsson, J. L. G. J. Med.
Chem. 1978, 21, 864.
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enantiomers- are 1(S) and 4(R), respectively. The bio-
chemically measured effects of the two less active enan-
tiomers 1(R) and 4(S) can completely be explained by
optical impurity (1.1% in the case of 1(R) and 0.5% in the
case of 4(S)). This result does not give any obvious support
for the above-proposed hypothesis that the less active
enantiomers might be selective for DA autoreceptors but
does not, however, exclude such a possibility, assuming a
relatively low potency for such an action. Both compound
1(S) and compound 4(R) are very potent DA-autoreceptor
stimulants but are nonselective, i.e., they also stimulate
central postsynaptic DA receptors (Table III, motor ac-
tivity). From our previous paper on racemic, monophenolic
octahydrobenzo[f]quinolines, it is quite clear that the 7-
OH-trans compound is far more active than its cis ana-
logue.?! This result is confirmed in the present study on
the resolved analogues. The result from the X-ray crys-
tallography?? is in agreement with the geometrical as-
signments for cis and trans in our previous study (Figures
4a and 4b).

The most potent trans enantiomer is 6(4aS,10bS). Ac-
cording to the discussion of the less active aminotetralins
above (1(R) and 4(S)), the activity of 6(4aR,10bR) might
be explained by optical impurity (4.4%) from the more
active enantiomer. Compound 6(4aS,10bS) nonselectively
stimulates both DA autoreceptors and postsynaptic DA
receptors in the central nervous system (Table III, ED;,
and motor activity, respectively). Both cis enantiomers
have weak biochemical effects. However, the tendency for
activity of the racemic compound? seems to derive from
the 5(4aR,10bS) enantiomer.

These results give further support for the hypothesis
that central DA receptors (autoreceptors as well as post-
synaptic receptors) prefer flat molecules (e.g., apo-
morphine, aminotetralins, and trans-1,2,3,4,4a,5,6,10b-
octahydrobenzo[f]quinolines) before bulkier ones (e.g., the
cis-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolines). As-
suming that both the cis and the trans compounds are in
their preferred conformations (which is implied from X-ray
studies according to Figures 4a and 4b), both the cis and
the trans isomers have their nitrogen atom approximately
0.2 A from the plane of the aromatic ring (Dreiding mod-
els). Thus, one explanation for the differences in potency
between the cis and the trans isomers could be steric in-
teraction between the piperidine ring of the cis enantiom-
ers and the DA receptor(s).

When drawing the structures as depicted in Figure 5,
one might argue, from the result of the totally inactive cis
enantiomer 5(4aS,10bR), which has its piperidine ring
downwards, that the central DA receptor is very sensitive
to protrusions under the plane of the aromatic ring.
Protrusions above this plane might not be as detrimental,
but on the other hand, the low activity of compound 5-
(4aR,10bS) could be explained by improper sterical ar-
rangement around carbon 4a. Both of the potent enan-
tiomers in Table III (1(S) and 6(4a8S,10bS)), which have
their 5-hydroxy-2-aminotetralin moiety incorporated in
their structures, have the S configuration at this carbon
atom.

Other possible structural aspects which might be im-
portant for the low activity of the cis enantiomers (5) are
the improper direction of the nitrogen lone pair of electrons
or, more likely under physiological conditions, the sterically
unhindered direction of the nitrogen positive charge or the
direction of the nitrogen substituent.

In our previous study on racemic 1, 4, and 6 the ED;,
values of these compounds in the limbic system were de-
termined to be 11, 27, and 130 nmol/kg, respectively.2!
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Figure 5. Dopaminergic structures with N-substituents in two main directions.

When deriving the ratios between these values and those
of the more active enantiomers in the present study, one
gets 3, 3, and 9, respectively. The tetralin ratios are fea-
sible, but the ratio 9 for compound 6(4aS,10bS) is far too
high to be interpreted in terms of one enantiomer being
completely inactive. There may be some antagonism or
competitive inhibition between the two enantiomers of the
racemic compound 6. Further pharmacological studies are
needed to clarify this possibility.

Both enantiomers of 14 have been included together
with apomorphine as reference compounds in this study
(Table III). The interesting feature of 14(S) is not only
that it stimulates DA autoreceptors but rather that it does
not stimulate postsynaptic DA receptors even at very high
doses (in fact, it blocks them). In a recent paper we de-
scribe the pharmacological effects of a series of resolved
N-alkyl analogues of 142 From the S enantiomers of this
series it is implicated that the liability of these compounds
to stimulate postsynaptic DA receptors is strongly de-
pendent on the N-substituent. Substituents being larger
(or bulkier) than n-propyl give postsynaptically active
compounds. This shows that lipophilic and/or steric
factors might alter affinity and/or intrinsic activity of these
compounds at the postsynaptic receptors. The balance
between the agonistic and antagonistic effects at these
receptors is obviously altered by the N-substitution pattern
of the phenylpiperidines.

These considerations clearly demonstrate that one must
be very cautious when looking for the preferred rotamer
and conformation of 14(S), in the search for the structural
elements which confer autoreceptor selectivity to a dopa-
minergic compound.

The potent trans compound 6(4aS,10bS) has the same
absolute configuration at carbon 4a as has 14(S) at the
corresponding carbon atom, but still it shows postsynaptic
DA-receptor stimulation (Table III, motor activity).

From previous studies®! we know that racemic trans-9-
hydroxy-4-n-propyl-1,2,3,4,4a,5,6,10b-octahydrobenzo|[f]-
quinoline (15) is a very potent compound (EDg, limbic =
8 nmol/kg). The corresponding cis compound is equipo-
tent to 14 (EDg, limbic = 2.000 nmol/kg). McDermed’s
receptor model would predict that the more active enan-
tiomer of the 9-OH-trans analogue is 4aR,10bR (Figure 5).
In preliminary studies in our laboratories, this has been
confirmed. In considering the corresponding cis enan-
tiomers, the protruding piperidine ring in these molecules
presents a more complicated picture (see above). Assum-

ing that no protrusions are accepted by the receptor
downwards, one would predict 4aS,10bR to be the more
active enantiomer.

An assumption which can be made from Figure 5 is that,
due to the different directions in which the N-substituents
of these compounds point, the space available for the
N-substituent of compound 15 might be more restricted
than for the corresponding 7-OH analogue 6. Previous
studies?! show that racemic trans-4-n-butyl-7-hydroxy-
1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinoline (13) is more
potent than its 4-n-propyl analogue 6 in the assays of DA
activity. However, the N-substituent of apomorphine
(Figure 5) is oriented in much the same direction as is the
N-substituent of compound 15. Knowing that N-n-buty-
lapomorphine® is dopaminergically inactive, one would
predict the same loss of activity for the tricyclic compound
trans-4-n-butyl-9-hydroxy-1,2,3,4,4a,5,6,10b-octahydro-
benzo[f]quinoline (16). This was the reason that this
compound was synthesized and tested.

Interestingly, compound 16 exhibits no dopaminergic
effects in the central nervous system in our models (Table
ITT). At the 50 umol/kg dose, a behavioral effect was
observed in the motility meters. However, this effect which
consisted of compulsive head twitches and forepaw
movements (piano playing) was not mediated by DA re-
ceptors since it was not blocked by haloperidol pretreat-
ment (Table III, footnote ).

Another class of centrally acting dopaminergic com-
pounds is the ergots. Strong evidence has been presented
that the pyrrolylethylamine moiety of the ergots is crucial
for dopaminergic activity.* The fitting of the ergots into
the central DA receptor according to the prerequisites of
McDermed et al.'>1% and Bach et al.3# is given in Figure
5.

As seen from this figure, the ergots have to be turned
around an axis, through the basic nitrogen and perpen-
dicular to the plane of the aromatic rings, to position the
indole nitrogen properly for the assumed hydrogen bond
interaction with a receptor subunit. This rotation places
the N-substituent of the ergots downwards, i.e., in the same
direction as apomorphine and compound 16. It is known
that ergolines® and oxaergolines®*?® are much less active

(30) Atkinson, E. R.; Bullock, F. J.; Granchelli, F. E. J. Med. Chem.
1975, 18, 1000.

(31) Kehr, W., Schering AG, Berlin, FRG (personal communica-
tion).
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upwards

downwards

Figure 6. Dopaminergic structures superimposed.

with the N-substituent n-butyl than they are with the
N-substituent n-propyl. This is in agreement with the
dopaminergic inactivity of both N-n-butylapomorphine
and compound 16.

The ergoline lergotrile (17) is a centrally acting dopa-
minergic compound.®* Moreover, lergotrile (17) is known
to be hydroxylated in vivo in position 13 to give a molecule
(18) which is even more potent than lergotrile itself.336
By comparison of compounds 15 and 18, it is seen that
these molecules have the trans-9-hydroxy-
1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinoline skeleton in
common. One might speculate that the potent lergotrile
metabolite 18 fits into the DA receptor in the same way
as the very potent tricyclic compound 152! By superim-
posing the active enantiomers of compounds 1, 4, 6, 15, 17,
18, and apomorphine according to the prerequisites stated
above, one creates a three-dimensional total volume of
active structures, which might be looked upon as the
complement of the DA-receptor structure volume (Figure
6). Some parts of this structure seem to be well defined
by previous studies, while others are still open to discus-
sion. The well defined portions are as follows: (1) aromatic
nucleus with a m-OH phenolic function or a pyrrole or
pyrrazole ring mimicking these two functions; (2) a proper
distance (extended phenylethylamine) between the aro-
matic nucleus and the basic nitrogen; (3) two main posi-
tions for the N-substituent(s) (upwards or downwards in
Figure 6), one of which (downwards) is sterically restricted
to accommodate maximally an n-propyl group or a pi-
peridine ring, but not for instance n-butyl, whereas the
other direction (upwards) has less restricted demands (cf.
also ref 11 and 20); (4) the stereochemistry of the carbon
next to the basic nitrogen (carbon 2 in the 2-aminotetralins,
carbon 4a in the trans-1,2,3,4,4a,5,6,10b-octahydrobenzo-
[flquinolines, carbon 6a in apomorphine and carbon 5 in
the ergolines) is critically important. When drawn as in
Figures 5 and 6 the active enantiomer in all structures has
the direction of the carbon-nitrogen downwards, toward
the plane of the paper.

Considering these new prerequisites, previously reported
compounds which had been predicted to be active dopa-
minergic agents from previous models but which proved
to be inactive can be reexamined.

(32) Anderson, P. S.; Baldwin, J. J.; McClure, D. E.; Lundell, G. F.;
Jones, J. H.; Randall, W. C.; Martin, G. E.; Williams, M.;
Hirschfiels, J. M.; Clineschmidt, B. V.; Lumma, P. K.; Remy,
D. S. J. Med. Chem. 1983, 26, 363.

(33) Nedelec, L.; Pierdet, A.; Fauveau, P.; Euvrard, C.; Proulx-
Ferland, L.; Dumont, C.; Labrie, F.; Boissier, J. R. J. Med.
Chem. 1983, 26, 522.

(34) Goldstein, M.; Lew, J. Y.; Nakamura, S.; Battista, A, F.; Lie-
berman, A,; Fuxe, K. Fed. Proc., Fed. Am. Soc. Exp. Biol. 1978,
37, 2202.

(35) Parli, J.; Schmidt, B.; Shaar, C. J. Biochem. Pharmacol. 1978,
27, 1405.

(36) Wong, D. T.; Bymaster, F. P, Joint Central-Great Lakes Re-
gional Meeting of the American Chemical Society, Indianapo-
lis, IN, May 24-26, 1978; Abstr. MEDI 25, p 111.
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Figure 7. Miscellaneous structures.

The two tricyclic compounds 7,8-dihydroxy-1-n-
propyl-1,2,3,4,4a,5,10,10b-octahydrobenzo[g]quinoline (19)
and 8,9-dihydroxy-2-n-propyl-1,2,3,4,4a,5,6,10a-octa-
hydrobenz[hlisoquinoline (20) have been reported by
Cannon et al. to have no or weak dopaminergic properties
(Figure 7).27%® The reason for this might be steric. When
fitting these molecules into the proposed receptor model,
both molecules should be turned around 180° (upside
down) to get the hydroxyl function at carbon 8 (compound
19) and 9 (compound 20), respectively, into proper position
for hydrogen bond interaction with the receptor. When
doing so, carbon 2 (compound 19) protrudes outside the
very well-defined piperidine cavity and carbon 5 (com-
pound 20) possibly interacts sterically in the area where
the obstacle of McDermed’s receptor model is located.?
A convenient way to visualize this (in two dimensions) is
to get a copy of the structures on a transparency and put
it upside down over a drawing of the proposed receptor
model, with the prerequisites of this model in mind.

The model also predicts compounds 6-hydroxy(and
6,7-dihydroxy)-1,2,3,4,4a,5,10b-octahydrobenzo[g]lquinoline
(21a and 21b, respectively) and 7-hydroxy(and 7,8-di-
hydroxy)-1,2,3,4,4a,5,6,10a-octahydrobenz[h]isoquinoline
(22a and 22b, respectively) to be dopaminergic compounds
(Figure 7). As to the N-substituents of these molecules,
the model predicts that both structures could have N-
substituents < n-propyl, i.e., the corresponding n-butyl
analogues should be inactive (protrudes downwards in the
piperidine cavity). Compound 21b with the N-n-propyl
substitution has been reported to have dopaminergic
properties.®

If the model is correct, it should also predict the chirality
of the more active enantiomer at the chiral carbon atom
next (or closest) to the basic nitrogen. For compounds 21a
and 21b this would be carbon 10aR. With the prerequisite

(37) Cannon, J. G.; Lee, T.; Goldman, H. D.; Long, J. P.; Flynn, J.
R.; Vermier, T.; Costall, B.; Naylor, R. J. J. Med. Chem. 1980,
23, 1.

(38) Cannon, J. G.; Lee, T.; Hsu, F.-L,; Long, J. P.; Flynn, J. R. J.
Med. Chem. 1980, 23, 502.

(39) Costall, B,; Lim, S. K.; Naylor, R. J.; Cannon, J. G. J. Pharm.
Pharmacol. 1982, 34, 246.
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Figure 8. Dopaminergic moiety of ergolines.

of a downwards direction of the carbon—nitrogen bond and
a flat molecule (trans), the prediction would be that com-
pounds 22a and 22b are active in their 4aR, 10bR form
(Figure 7).

The natural ergolines have the 5R configuration at the
chiral carbon closest to the basic nitrogen.®* The 58
enantiomers are known to be inactive.# These unnatural
ergolines (23) should be turned around 180° (upside down)
relative to the natural ones to satisfy the stereochemical
demands of the receptor model. In doing so a sterically
perfect fit is gained for the indole nitrogen at the hydrogen
bonding site and also for the piperidine ring in the well-
defined cleft. However, the 8-substituent probably con-
stitutes a severe steric hindrance in this cleft, thus pre-
venting the necessary fit to obtain a receptor-mediated
response. One would thus predict that compounds of the
general structure 24, lacking the 8-substituent, would show
dopaminergic activity.

There has been considerable interest lately as to which
is the dopaminergic structural moiety of the natural er-
golines.2*424  Some groups? claim (from stereochemical
and partial structure considerations) that it is the pyrro-
lylethylamine moiety which confers dopaminergic prop-
erties to this class of compounds, while others*? (from
partial structures only) claim that it is the phenylethyl-
amine or rather indolylethylamine partial structure which
is the important one (see Figure 8).

When considering the stereochemical aspects, which
have been shown to be very critical for tetralins, apor-
phines, and octahydrobenzo[f]quinolines in this context
(this paper), one sees that the pyrrolylethylamine moiety
should have the 4aR configuration to match the natural
(5R)-ergolines. This has been shown to be the case for a
pyrrazole analogue (25) of the pyrrolylethylamine moiety
of these ergolines.*

Also, the partial ergoline structure 4-[2-(di-n-propyl-
amino)ethyllindole (DPAI; 26) in the context of the

(40) Rutschmann, J.; Stadler, P. A. In “Ergot Alkaloids and Related
Compounds”; Berde, B., Schild, H. O., Ed.; Springer-Verlag:
Berlin and Heidelberg, 1978.

(41) Stoll, A.; Hofmann, A. Helv. Chim. Acta 1943, 26, 944.

(42) Cannon, J. G.; Long, J. P.; Demopoulos, B. J.; “Advances in
Dopamine Research”, proceedings of a sattelite symposium to
the 8th International Congress of Pharmacology, Okayama,
Japan, July 1981; Koshaka, M., Shohmori, T., Tsukada, Y.,
Woodruff, G. N., Eds.

(43) Camerman, N.; Camerman, A, Mol. Pharmacol. 1981, 19, 517.

(44) Titus, R. D.; Kornfeld, E. C.; Jones, N. D.; Clemens, J. A,;
Smalstig, E. B.; Fuller, R. W.; Hahn, R. A.; Hynes, M. D,;
Mason, N. R.; Wong, D. T.; Foreman, M. M. J. Med. Chem,
1983, 26, 1112.
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Figure 9. DA receptor fit for resolved 3-(3-hydroxyphenyl)-
piperidines.

prerequisites stated above for dopaminergic compounds,
it is obvious that a perfect fit of this compound, in all
aspects, is gained when superimposing its structure over
the 8-nonsubstituted unnatural (S)-ergolines (24). It is
thus our proposal, from the hypothetical DA-receptor
model stated above, that the dopaminergic activity ex-
hibited by DPAI (26) emanates from this fit and /or from
the4gnetabolic activation to its tentative 6-OH metabolite
27.

The dopaminergic compound 28 of the tetrahydro-
benz{cd]indolamine class®*® can fit both the (R)-(pyrro-
lylethylamine moiety) and the (S)-ergolines (phenethyl-
amine moiety). This compound has yet not been resolved,
but it is predicted that both enantiomers should exhibit
dopaminergic properties, though the potency ratio between
the enantiomers is hard to predict.

We will now attempt to apply this receptor model to
explain the complicated SAR presented recently for the
resolved monophenolic phenylpiperidines?® (Figure 9).
Knowing that these compounds have low rotational bar-
riers between the aromatic ring and the piperidine ring,*’
it is possible to superimpose compound 14(S) completely
over compound 6(4aS,10bS) with a small energy input.
This explains why 14(S) can accommodate, without losing
activity, N-substituents being larger or bulkier than n-
propyl. On the other hand, for its enantiomer 14(R) the
piperidine ring must be rotated around 180° (upside down)
to get the proper direction of its C2-N bond, i.e., down-
wards. This places the N-substituent in the well-defined
piperidine cleft (see above) and would mean that 14(R) can
have only N-substituents equal to or smaller than n-propyl.
Bulkier substituents would not be accommodated and thus
induce a rotation out of this cleft. An alternative way for
the R enantiomers with N-substituents larger than n-
propyl to fit the DA receptor must be possible since they
are still dopaminergically active, though less so than their
corresponding S enantiomers.

The proposed model does not take into consideration
all the subpopulations of DA receptors currently under
discussion in the literature. It simply deals with the
concept of central pre- and postsynaptic receptors ac-
cording to the pharmacological models used. It seems as
if the distinction between these two receptor types, apart
from differences in location, is a matter of receptor sen-
sitivity, since even analogues of 14(S) can exhibit postsy-
naptic effects, provided that the N-substituent is large
enough to interact in the presumably lipophilic region
(upwards). The proposition of Carlsson,*® that the pre-
and the postsynaptic receptors have a common origin and
differ only in terms of receptor sensitivity, which might
reflect different receptor conformations,* seems thus to

(45) Cannon, J. G.; Lee, T.; Ithan, M.; Koons, J.; Long, J. P. J. Med.
Chem. 1984, 27, 386.

(46) Boissier, J. R.; Nedelec, L.; Oberlander, C.; Labrie, F. Acta
Pharm. Suec. Suppl. 1982, (ISBN 9186274-10-4).

(47) Liljefors, T. Kemicentrum, Lunds Tekniska Hogskola, Lund
(personal communication).

(48) Carlsson, A. J. Neural Transm. 1983, 57, 309.
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be supported by the phenylpiperidine series. Compounds
in the S series having N-substituents smaller than or equal
to n-propyl stimulate presynaptic DA receptors at low
doses; i.e., they exhibit both affinity and intrinsic activity
at these receptors. At high doses they block postsynaptic
DA receptors, which implies affinity but low or no intrinsic
activity at these receptors. Compounds with larger N-
substituents stimulate both pre- and postsynaptic DA
receptors; i.e., they exhibit both affinity and intrinsic ac-
tivity at both receptor types.

In light of the potent centrally acting dopaminergic
compound 15, the lack of central dopaminergic properties
of a series of N-alkylated trans-8,9-dihydroxy-
1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolines related to
15 (Figure 5), even at very high doses, is unexpected.?® In
addition, these compounds were very potent in a model
measuring peripheral dopaminergic effects. One possible
explanation for these observations could be that the models
used for monitoring central effects were all postsynaptic
in nature. No experiments were performed to reveal
central presynaptic effects in this study. Thus, the com-
pounds in this series might be selective for DA autore-
ceptors. Since all compounds were tested in their racemic
form, an alternative explanation for the lack of central
effects might be antagonistic interaction of one enantiomer
upon the other.

In conclusion, the intense work in the field of dopami-
nergic compounds of many medicinal chemistry groups
throughout the world has led to a number of hypothetical
receptor models, one of which is presented in this paper.
Hopefully, these models will help guide chemists in the
synthesis of more selective and more active pharmaco-
logical entities, which might ultimately lead to the de-
velopment of better drugs to ameliorate diseases connected
with disturbances in dopaminergic function in the central
nervous system.

Experimental Section

Chemistry. Melting points (uncorrected) were determined
in open glass capillaries on a Thomas-Hoover apparatus. 'H NMR
spectra were recorded with a Varian EM-360 instrument (Me,Si).
GC/MS spectra were recorded on a Finnegan MAT 448 instru-
ment at 70 eV. All spectra recorded were in accordance with
assigned structures. GLC was performed with a Hewlett Packard
5830A instrument with a flame-ionization detector. A glass column
(2 m X 5 mm i.d.) packed with 3% OV-17 or 3% OV-11 on
Gas-Chrom Q (Supelco, Inc.) was used throughout. HPLC was
performed on a Waters 5 Si 10 column using hexane/EtOAc/
EtOH (different compositions) as the mobile phase, working in
the pressure range 1000-3000 psi and with the flow rate of 2
mL/min. Detection was made by a Waters Model 440 UV
monitor. Optical purity was estimated by comparing peak areas
(height times width at half-height). Optical rotation was measured
with a Perkin-Elmer 141 polarimeter equipped with a thermostat
(22 °C).

The elemental analyses (C, H, N) for the new substances were
within £0.4% of the theoretical values. For purity tests, TLC
was performed on fluorescent silica gel plates developed in at least
two different systems. For all the compounds, only one spot
(visualized by UV light and I, vapor) was obtained.

B-Phenyl-y-butyrolactone (7). Sodium acetate (190 g, 2.3
mol) was added to EtOH (2.300 mL) and to this mixture a-
chloroacetophenone (300 g, 1.6 mol) was added before refluxing
for 12 h and evaporating off the solvent. Water (1000 mL) was
added and the mixture was extracted with toluene (2 X 500 mL).
The organic layer was dried and filtered and the solvent was

(49) Wikstrém, H. Doctoral Thesis, Acta. Univ. Ups., Abstr.
Uppsala Diss. Fac. Pharm. 84, 1983, 43.

(50) Cannon, J. G.; Goldman, H. D.; Flynn, J. R.; Vermier, T.;
Costall, B.; Naylor, R. J. J. Med. Chem. 1980, 23, 1.
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removed under reduced pressure. The residue was distilled (0.5
mmHg; bp 110 °C), yielding 172 g (60%) of 2-0xo-2-phenylethyl
acetate (8).

Triethyl phosphonoacetate (13 g, 60 mmol) was added dropwise
to NaH (2.5 g of 55%, 57 mmol) in dry toluene (20 mL). During
the preparation of the NaH-phosphonoacetate mixture hydrogen
was evolved and the temperature was kept below 35 °C. This
mixture was stirred for 1 h before the dropwise addition of the
distilled keto ester 8 from above (10 g, 56 mmol). Temperature
was kept below 30 °C and the reaction mixture was stirred in room
temperature overnight before warming to reflux and then allowing
to cool to 60 °C. The toluene phase was decanted and this
procedure was repeated (2 X 50 mL). The toluene phases were
collected, and the solvent was evaporated, giving 13 g (96%) of
the desired «,5-unsaturated ester having a 17:76 ratio of cis/trans
(or vice versa) according to GLC. This product was reduced in
HOAc, in a Parr apparatus, using Pd/C (10%) as catalyst.
Filtration and evaporation gave 11 g (87%) of the reduced product,
which was hydrolyzed and lactonized in an hour in a mixture of
4 N H,S0, (60 mL) and dioxane (60 mL). After cooling, extraction
with toluene, evaporation of the solvent and distillation in vacuum
(0.1 mmHg, bp 110-114 °C) gave 5.0 g (70%) of the desired
compound 7.

Resolution of compound 7 was performed with a-phenyl-
ethylamine as described by Helmchen et al.?* The separation
factors in Table I were determined with the racemic lactone 7.

(8)-(-)-7-Methoxy-2-(n-propylamino)tetralin (9(S))
(Method A). (R)-(-)-O-methylmandelic acid (3.6 g, 22 mmol)
was dissolved in CH,Cl, (100 mL), and SOCl, (30 mL) was added
and the mixture was refluxed for 30 min. Excess SOCl, was
evaporated and the residual acid chloride was dissolved in CH,Cl,
(100 mL). This solution was added at 20 °C to a rigorously stirred
mixture of 7-methoxy-2-(n-propylamino)tetralin hydrochloride
(5.0 g, 20 mmol), CH,Cl, (100 mL), and 5% NaOH (200 mL).
After 15 min of stirring, the phases were separated, and the organic
phase was washed once with water and dried (Na,SO,). Filtration
and evaporation of the solvent gave 6.3 g (88%) of the diaste-
reomeric amides as an oil, which was chromatographed on SiO,
(0.040-0.063 mm), using light petroleum—ether (1:1) as eluant.

The fractions containing one of the two diastereomers, which
is eluted first in at least 98% optical purity, were combined, and
the solvent was evaporated, giving 1.2 g (17%) of the desired
diastereomeric amide as an oil. The optical purity of this oil was
determined by HPLC (hexane/EtOAc/EtOH, 91:7.5:1.5) to be
99.7%. This oil (1.1 g, 2.9 mmol) was dissolved in dry THF (100
mL) and potassium tert-butoxide (2.1 g, 18 mmol), and water (0.16
mL (8.8 mmol) was added with stirring at room temperature. The
mixture was stirred at this temperature overnight and was then
partitioned between ether and water. The organic layer was
extracted with 5% HC) and the water phase was alkalinized (10%
Na,COy) and extracted with ether. The organic layer was sepa-
rated and dried (Na,SO,), and the solvent was evaporated. The
residual oil was converted to the hydrochloride by the addition
of HCl-saturated EtOH. Evaporation of the solvent and re-
crystallization from EtOH-ether gave 0.23 g (32%). The acidic
ether phase from above was dried (Na;SO,) and the solvent was
evaporated, leaving an oil (0.55 g) which contained a nonbasic
compound with an intermediate retention time (tg = 5.3 min) on
GLC (0V-17; 200 °C for 1 min; 320 °C; 40 mL/min) between the
starting amide (tg = 8.2 and 8.4 min) and the amine product (tg
= 2.4 min). .

This compound is probably the N-formyl derivative, an ana-
logue of which has previously been detected and characterized.?®
This oil was dissolved in dry THF (25 mL), and 2 equiv of MeLi
(1.6 M in hexane) was added at room temperature. The reaction
mixture was quenched with H,0 after 15 min and acidified with
10% HCIL. The acidic water was washed with ether, alkalinized
(10% Nay,COy), and extracted with ether. The organic layer was
separated and dried (Na;SO,), and the solvent was evaporated.
The residue was converted to its hydrochloride, evaporated, and
recrystallized (EtOH-ether), giving 185 mg (25%) of the desired
product, i.e., the total yield in the amide cleavage step was 57%.

(8)-(-)-7-Hydroxy-2-(di-n -propylamino)tetralin (4(S))
(Method B). Ten milliliters of CH,Cl, and 10 mL of 5% NaOH
were added to compound 9(S)-HCI (185 mg, 0.72 mmol). With
vigorous stirring, propionic acid chloride (160 xL, 1.9 mmol) was
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added. After 30 min the organic layer was separated and dried
(Na,S0,), and the solvent was evaporated, yielding an oil (0.20
g, 100%) which was dissolved in anhydrous ether (20 mL) and
reduced with LiAlH, (0.20 g, 5.3 mmol). Workup in the usual
way gave an oil (170 mg, 90%) which was dissolved in CH,Cl,
and chilled to 70 °C. At this temperature BBr, (0.30 mL, 3.1
mmol) was added with stirring. The reaction mixture was allowed
to reach room temperature overnight and thereafter workup was
made by the addition of H,0, alkalinization (10% Na,COg until
pH reached 10), and CH,Cl, extraction. The organic layer was
separated and dried (Na,SQ,), and the solvent was removed under
reduced pressure, leaving an oil which was chromatographed (SiO,)
with MeOH as eluant. The pure fractions were pooled, and the
solvent was evaporated. The residue was converted to the hy-
drochloride by the addition of HCl-saturated EtOH and evapo-
ration. Recrystallization (acetone-EtOAc) gave 103 mg (56 %)
of the desired 4(S)-HCl.

cis-(4a8,10bR)-7-Methoxy-1,2,3,4,4a,5,6,10b-0octahydro-
benzo[f]quinoline (10(4aS,10bR)) (Method A). cis-7-Meth-
oxy-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinoline hydrochloride?
(2.5 g, 9.7 mmol) was converted to its (R)-(-)-O-methylmandelic
amide as described for compound 9(S) above, yielding 4.4 g
(theoretically 3.5 g), which was chromatographed (SiQO,) with light
petroleum/ether (first with 1000 mL of the composition 2:1 and
then throughout with the composition 1:1). Fractions (15 mL)
were collected, and isomer 1 was recovered from fractions (240-290
(1.6 g, 45%) and was 100% optically pure. Fractions 325-380
were pooled and evaporated, giving 1.3 g (36%) of isomer 2 with
the optical purity 98.7%. Isomer 1 above (1.5 g, 1.4 mmol) was
dissolved in dry THF (100 mL) and treated with potassium
tert-butoxide (6.4 g, 57 mmol) and H,0 (0.52 mL, 29 mmol) as
described for the preparation of 9(S).

Formation of the intermediate N-formyl derivative (tg = 3.5
min) as well as racemization of the starting amide (tg = 9.2 and
9.7 min) took place during amide cleavage according to GLC
(OV-17, 250-300 °C, 10 °C/min, 30 mL/min) (cf.9(S) above). The
reaction was not complete until more potassium tert-butoxide
(1.0 g, 8.9 mmol) had been added and the reaction mixture re-
fluxed for 2 h. The product was isolated as the hydrochloride
(0.45 g, 43%).

cis-(4aS,10bR)-7-Methoxy-4-n -propyl-1,2,3,4,4a,5,6,10b-
octahydrobenzo[f]quinoline (11(4aS,10bR)) (Method C).
NaBH, (0.40 g, 11 mmol) was added protionwise with stirring to
a solution of propionic acid (1.7 mL, 22 mmol) in dry benzene
(25 mL). The temperature was kept below 15 °C for 2 h and then
optically pure 10(4aS,10bR)-HC1 (0.25 g, 0.99 mmol) was added
and the mixture was refluxed for 4 h. The reaction mixture was
allowed to reach room temperature and excess 2 N NaOH was
added. After being stirred for 30 min, the reaction mixture was
extracted with ether, all the organic phases were mixed and dried
(NayS0,), and the solvent was evaporated, giving an oily residue,
which was converted to the hydrochloride. Recrystallization from
EtOH/ether gave the desired product (0.19 g, 65%).

trans-(4aR,10bR)-7-Methoxy-1,2,3,4,4a,5,6,10b-Octa-
hydrobenzo[f]quinoline (12(4aR,10bR)) (Method A).
trans-7-Methoxy-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinoline
hydrochloride® (0.50 g, 2.0 mmol) was converted to its (R)-
(-)-O-methylmandelic amide was described for compound 9(S)
above, yielding 0.77 g (theoretically 0.72 g). When ether was added
to this oil, crystals melting at 151-153 °C were precipitated (0.20
g, 28%). The optical purity of these crystals was found by HPLC
to be 96.3%.

This crystalline amide (0.19 g, 0.52 mmol) was dissolved in dry
THF (20 mL) and treated with potassium tert-butoxide (0.81 g,
7.1 mmol) and H,0 (64 uL, 3.6 mmol) as described for the
preparation of 9(S). Formation of the intermediate N-formyl
derivative (tg = 5.1 min) was indicated from GLC (OV-17, 250
°C for 8 min, 20 °C/min, 300 °C, 34 mL/min) (cf. 9(S) above).
This intermediate was consumed during reflux (1 h) and workup
gave the desired compound 12(4aR,10bR) as its hydrochloride (120
mg, 87%).

trans-(4a8,10bS)-7-Methoxy-1,2,3,4,4a,5,6,10b-octahydro-
benzo[f]quinoline (12(4aS,10bS)) (Method A). The solvent
from the collected mother liquors from the isolation of crystalline
isomer 1 above was evaporated off, giving an oil (0.26 g, 0.71
mmol). This oil was dissolved in CH,Cl, (2 ml) and mobil phase

Wikstrém et al.

(4 mL of hexane/EtOAc/EtOH with the composition
95.5:3.75:0.75). One milliliter of this solution was applied to a
Waters semipreparative HPLC (Si0,, 8 mm inner diameter)
column using a flow rate of 3 mL/min.

Fractions (2 mL) were collected, using UV detection to indicate
the start of sample collection. Fractions 4-9 were pooled in six
consecutive runs, giving after solvent removal 0.16 g (22%) of
isomer 2 with the optical purity 98.2%. Amide cleavage was
performed as described for compound 12 (4aR;10bR) above,
yielding 55 mg (50%) of the desired product as the hydrochloride.

Demethylation of Methoxy Compounds. Method D. The
phenols were obtained by heating the appropriate methoxy
compound in 48% aqueous HBr for 2 h at 125 °C under nitrogen.
The hydrobromic acid was evaporated and the residue was re-
crystallized. Alternatively, the residue was alkalized (10%
NayCOy) to pH 10 and extracted with ether.or EtOAc. The organic
layer was separated and dried. After filtration the solvent was
evaporated, leaving an oil, which was converted to its hydro-
chloride by using ethereal HC1. Evaporation of the solvent and
recrystallization gave the desired product.

Method E. The base of the appropriate methoxy compound
was dissolved in CH,Cl, and the solute was chilled to —70 °C. At
this temperature 2 equiv of BBr; was added and the temperature
was allowed to reach room temperature (overnight). The reaction
mixture was quenched with water. The mixture was alkalized
(10% Nay,COj) to pH 10 and the organic layer was worked up as
described under method D above.

Estimation of the optical purity of the secondary amines was
performed as previously described.?

Pharmacology. Animals used in the biochemical and motor
activity experiments were male rats of Sprague-Dawley strain
(Anticimex, Stockholm), weighing 200-300 g. All substances to
be tested were dissolved in saline immediately before use, occa-
sionally with the addition of a few drops of glacial acetic acid
and/or moderate heating in order to obtain complete dissolution.
Reserpine was dissolved in a few drops of glacial acetic acid and
made up to volume with 5.5% glucose. Injection volumes were
5 or 10 mL/kg, and all solutions had neutral pH (except for the
solutions of reserpine).

Biochemistry. The biochemical experiments and the deter-
minations of Dopa and 5-HTP by means of HPLC with elec-
trochemical detection were performed as previously described.?
Separate dose—response curves based on four to six dose levels
for each substance (sc administration) and brain area were con-
structed. From these curves was estimated the dose of the drug
yielding a half-maximal decrease of the Dopa level, the EDy, value
(Table III).

Motor Activity. The motor activity was measured by means
of photocell recordings (“M/P 40 Fc Electronic Motility Meter”,
Motron Products, Stockholm) as previously described.!’?
Eighteen hours prior to the motility testing (carried out between
9 a.m. and 1 p.m.), the rats were intraperitoneally injected with
reserpine (5 mg/kg). The different compounds under investigation
were administered subcutaneously in the neck region (n = 4).
Immediately after drug administration, the rats were placed in
the test cages (one rat/cage) and put into the motility meters.
Motor activity was then followed and recorded for the subsequent
30 min. The results are presented in Table IIL
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During an investigation of the antiinflammatory properties of a number of tetracyclic derivatives of 6,8-dichloro-
dibenz[b,floxepin-10(11H)-one, the ring-expanded 1,3-dichloro-5H-dibenz[b,g]-1,4-oxazocine (9) was prepared and
found to be of considerable pharmacological interest. It was subsequently found that the corresponding ring-opened
amino acid 66, a close analogue of the antiinflammatory agent fenclofenac, also possessed significant antiinflammatory
activity, superior both to the dibenzoxazocine and to fenclofenac. These findings prompted extensive synthetic
programs in both areas, and a number of derivatives in the amino acid series showed potencies considerably in excess
of the standard compound. These phenylacetic acids, however, were significantly more ulcerogenic than fenclofenac
whereas the corresponding dibenzoxazocines showed few signs of ulcerogenicity at doses up to 1 g/kg.

In our continuing search for compounds of greater po-
tency than fenclofenac,! [2-(2,4-dichlorophenoxy)phenyl-
acetic acid], derivatives of the ring-closed compound 6,8-
dichlorodibenz[b,floxepin-10(11H)-one were prepared.
One of these, 1,3-dichloro-6,7-dihydro-5H-dibenz[b,g]-
1,4-0xazocine (9) was found not only to be twice as potent
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as fenclofenac in the adjuvant arthritis test but also to have
no measurable ulcerogenic potential at doses up to 1 g/kg.
This was considered to be a lead of considerable impor-
tance particularly as it was one of the few nonacidic com-
pounds which showed activity in the adjuvant arthritis test.
It was soon realized however that a metabolic breakdown
to the corresponding 2-(6-amino-2,4-dichlorophenoxy)-
phenylacetic acid (66) was possible and this was subse-
Ct NH>
O
¢t gg  CHyCOpH

quently confirmed in metabolic studies in rats.? The
amino acid 66 showed enhanced potency over the corre-
sponding oxazocine 9 in the adjuvant arthritis test, and
extensive synthetic programs in both the amino acid and
oxazocine series were initiated. This paper describes the
synthesis and testing results for these compounds.

Chemistry. The route used to prepare all the NH-
substituted oxazocines was that described in Scheme I.

(1) Atkinson, D. C.; Godfrey, K. E.; Meek, B.; Saville, J. F.;
Stillings, M. R. J. Med. Chem. 1983, 26, 1353.
(2) Rance, M. J., unpublished results.

Cyclization of the readily available phenoxyphenylacetic
acids! using polyphosphoric acid gave the corresponding
oxepinenes which were then treated with sodium azide in
sulfuric acid to give the highly insoluble oxazocinones.
Without further purification these were reduced with
lithium aluminum hydride to give the oxazocines, the
majority of which were purified by crystallization of their
hydrochloride salts. An alternative scheme involving the
Beckman rearrangement of the oximes derived from the
oxepinones failed to give satisfactory results.

N-Methyl derivatives of the oxazocines were normally
prepared by simple methylation as described in Scheme
I, although in one case (compound 28), formylation and
reduction was used. A potentially useful method involving
the lithium aluminum hydride reduction of the corre-
sponding N-methyloxazocinone gave complex mixtures of
products. Other N-alkyl, N-alkenyl, N-acyl, and N-benzyl
derivatives of the oxazocines were prepared by standard
procedures and representative examples are described in
the Experimental Section.

Ogxidation of the N-alkyl compounds 28, 31, and 33 with
peracid gave the corresponding N-oxides 29, 32, and 34.
After storage at room temperature for 1 month, compound
32 showed some signs of decomposition and further in-
vestigations revealed that heating the free base in ethyl
acetate for 10 min resulted in complete decomposition to
the styrene hydrate 1. The corresponding 1-chloro 29 and
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N-propyl 34 compounds appeared to be considerably more
stable although even in these cases some degre of decom-
position was noted after storage for several months.
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