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Novel 2-Substituted Tetrahydro-3 H-benz[e]indolamines: Highly Potent and
Selective Agonists Acting at the 5-HT;5 Receptor as Possible Anxiolytics and
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The synthesis of (+)-(R)-2-cyano-N,N-dipropyl-8-amino-6,7,8,9-tetrahydro-3H-benz[elindole [(R)-
14, U92016A1], a potent 5-HT), agonist, and related analogs is described. In vitro binding studies
show that the (R)-enantiomers of this series possess the highest potency for the 5-HT), receptor.
In vivo hypothermia correlates with this, with the (R)-enantiomers causing a greater temperature
drop than the (S)-enantiomers. The most active compound in 5-HT, binding and in the in vivo
models was (R)-14, which was found to be highly potent as an agonist in single cell firing studies,
as well as potent and of very high intrinsic activity in mouse hypothermia and the sympathetic
nerve discharge (SND) models. An in vivo duration of action study, following SND, showed (R)-14
topossess along duration of action. The synthesis via a nitrene insertion, determination of absolute
configuration, and biological activities of this series is described.

Introduction

The involvement of serotonin (5-hydroxytryptamine,
5-HT) in the etiology and treatment of anxiety and
depression has been the subject of intensive investigations.
This was prompted by the discovery that buspirone and
other agonists of the 5-HT;, receptor subtype possess
clinical efficacy as novel anxiolytics and antidepressants.!
Classical tricyclic antidepressants act on 5-HT transmis-
sion through a nonselective blockade of 5-HT uptake? while
newer “atypical” antidepressants drugs (i.e. fluoxetine and
fluvoxamine) act selectively to inhibit 5-HT uptake.? The
net effect of both of these classes of antidepressants is to
increase the concentration of 5-HT at the synapse of 5-HT
neurons. Recently, it has been shown that 5-hydroxy-
tryptophan (5-HTP), the biochemical precursor to 5-HT,
as well as 5-HT uptake inhibitors are effective in the
treatment of generalized anxiety and panic disorders. The
recent discovery that buspirone and other 5-HT) 5 receptor
agonists produce anxiolytic and antidepressant activity
has directed attention to the 5-HT)s receptor as the
possible site of all of these anxiolytic and antidepressant
effects.

In the central nervous system (CNS), the 5-HTa
receptor is broadly distributed, occurring as a somato-
dendritic autoreceptor on 5-HT cell bodies located in the
raphe nuclei, and postsynaptically in other areas such as
the hippocampus.? Unlike the benzodiazepines, 5-HT)4
agonists have been reported to produce little sedation, do
not potentiate the effects of ethanol, and do not show
potential for dependence or abuse.! While the arylpip-
erazine 5-HT)a agent buspirone is clinically utilized for
the treatment of anxiety, it possesses less intrinsic activity
and is a partial agonist at the 5-HT' 4 receptor, in contrast
to the prototypical 5-HT)a ligand 8-hydroxy-N,N-di-n-
propylaminotetralin (8-OH-DPAT, Figure 1), which is a
full agonist.” Also, the clinical efficacy of this arylpip-
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Figure 1.

erazineis limited, requiring a 2-week delay before the onset
of anxiolytic activity.?® The reason for this delay is
unknown. Interestingly, patients with a history of ben-
zodiazepine use frequently respond poorly.? There is
speculation as to whether a 5-HT), receptor full agonist
would possess greater clinical utility and this is the basis
of this research, the synthesis and evaluation of potent,
high intrinsic activity 5-HT) s receptor agonists (Table I).

It has been reported that, while 8-aminotetrahydro-
3H-benzlelindole 2a possessed affinity for the 5-HT),
receptor,l® it was nonselective and equipotent at the
dopamine D; receptor.!l After Carlsson’s group brought
the much more selective 1-formyl analog 2b to our
attention,!? we became interested in synthesizing analogs
with functional groups substituted on the pyrrole portion
of the molecule, with the desire to continue to improve the
selectivity for the 5-HT)s receptor. The ring system of
these analogs was synthesized by a nitrene insertion
reaction, induced by pyrolyzing a vinyl azide, to generate
the heterocycle portion of an indole subunit. This allowed
the synthesis of optically active (+)-(R)-14, also known as
U92016A4, in 11 steps. The absolute configuration of the
congeners described herein was determined by X-ray
analysis to aid in the determination of the 5-HT 5 receptor
SAR. Besides receptor binding profiles, the compounds
were tested in three models of intrinsic activity: single
cell (5-HT) firing (rat), hypothermia (mouse), and sym-
pathetic nerve discharge (SND) (cat).

© 1993 American Chemical Society
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Table 1. Physical Properties of 8-Aminotetrahydro-3H-benz[elindole Derivatives

X R
W\
R
cmpd R Rs X [a)%p, deg (c values, MeOH) formula® mp, °C
(R)-12 H n-propyl CONH; +69.4 (0.535) CioH21 N3O 230-231
(9)-12 H n-propyl CONH; -70.1 (0.874) CieH21N3O 230-231
(R)-13 n-propyl n-propyl CONH; +88.0 (0.835) C1oH2N3zO-HCl 302 dec
9)-13 n-propyl n-propyl CONH; -86.9 (2.525) Ci1gHzN30-HCl 302 dec
(R)-14 n-propyl n-propyl CN +104 (1.500) C19HasNg-HCl 134-135
(S)-14 n-propyl n-propyl CN -105 (0.740) Ci1pHasNg-HCl 134-135
(R)-18 n-propyl c-prop-methyl® CONH; +138 (0.515) CaoHasNgHCl1 309 dec
9)-15 n-propyl c-prop-methyl® CONH; -136 (0.550) CaoHasNg-HCl 308 dec
(R)-16 n-propyl imide butyle CONH: +64.8 (0.720) C2H3sN(OgHCl 210 dec
(S)-16 n-propyl imide butyle CONH; —65.6 (0.720) CHgsNOgHCl 210 dec
(R)-17 n-propyl imide butyle CN +71.2 (0.527) C2HgsN(O+HCl 220-221
S)-17 n-propyl imide butyle CN -73.9 (1.23) CHyeN,OHCl 220-221
« Analyses were within £0.40% of the calculated values. ® Cyclopropylmethyl. ¢ 4-(4,4-dimethyl-2,6-dioxopiperidin-1-yl)butyl.
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Chemistry. 8-Bromo-2-tetralone was obtained in a
tandem Friedel-Crafts reaction utilizing 2-bromophen-
ylacetyl chloride and ethylene (Scheme I).!3 The ami-

antipodes at an early stage through the use of (-)-S-a-
methylbenzylamine in a reductive amination. Both
Borch!4 (HOAc/NaCNBH3) and TiClyNaCNBH3!% con-
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ditions provided the diastereomers (+)-(2R,S)-5a and (-)-
(2S,S)-5b in a 1:1 ratio in very high yield. These could be
easily separated by flash chromatography to afford the
optically pure diastereomeric secondary amines, which
were carried on separately. Attempts to alkylate the
sterically hindered amine contained in 5 with n-iodopro-
pane in refluxing acetonitrile to give tertiary amine 7 were
unsuccessful. To circumvent this problem, 5 was acylated
with propionyl chloride to give the amide 6, which was
then reduced with LAH to give 7. A metal-halogen
exchange reaction followed by formylation with DMF gave
aldehyde 8. Aldehyde 8 underwent condensation with
methyl azidoacetate!® to afford the (Z)-azido substituted
cinnamic acid derivative 9 in very good yield. Compound
9 underwent a facile thermolysis via a nitrene insertion to
afford indole 10. Thisindole-containing adduct was heated
with methanolic ammonia in the presence of catalytic
sodium cyanide!” to afford the carboxamide 11 in excellent
yield. Hydrogenation over Pearlman’s catalyst afforded
secondary amine 12, which was alkylated with various alkyl
halides. The carboxamide was smoothly dehydrated to
the corresponding nitrile using Burgess’ reagent (Scheme
IT).18

Absolute Configuration. The absolute configuration
of this series was determined by performing an X-ray
diffraction experiment with (-)-(2S,S)-6b. The X-ray-
determined structure is shown in Figure 2. The known
absolute configuration of the chiral auxiliary (S) allows
the stereochemistry of the 2-aminotetralin bond to be
assigned unambiguously (S). Details of the structure
determination are in the Experimental Section. It is
convenient to note that throughout this series the (+)-
enantiomer/diastereomer contains the (R)-2-aminotetralin
stereochemistry, whereas the (-)-enantiomer/diastereomer
contains the (S)-2-aminotetralin stereochemistry.

Biology. Table II shows that all of the analogs,
including buspirone and 8-OH-DPAT, exhibited high
affinity and selectivity for the 5-HT4 receptor relative to
the D;-dopamine receptor. Of the analogs evaluated, (R)-
14 possessed the greatest potency, 0.1 nM. Stereoselec-
tivity at the 5-HT;s receptor was evident, the (R)-
enantiomers having higher affinity than the (S)-enan-
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Figure 2, X-ray structure determination of the absolute
configuration of (-)-(2S,S)-6b.

tiomers, particularly for the (R)-12/(S)-12, (R)-16/(S)-16,
and (R)-17/(S)-17 pairs. Stereoselectivity was also evident
at the Dy-dopamine receptor. Only (R)-14, (R)-16, and
(R)-17 were found to possess significant Ds;-dopamine
affinity, but even these expressed a high degree of receptor
selectivity (D2/5-HT'1A = 357, 64, and 219, respectively).
Examination of Figure 3 shows why this is not surprising.
Assuming that the ligands bind to the receptor in the
ground-state conformation with the amino group pseu-
doequatorial, both the (R)- and (S)-enantiomers have
similar, but not identical, overlap of the essential phar-
macophore structural features (amino and aryl). This
observation that antipodes can possess differential but
similar affinity for the 5-HT;s receptor is documented
and has been included in the development of receptor-fit
structure-activity relationship models.!®

Single cell firing was obtained for only selected
compounds (Table III). (R)-14 exhibited high potency in
shutting off 5-HT neurons (acting as agonists at the
presynaptic 5-HT' 5 autoreceptor), with EDsy’s on the order
of 3 ug. It is interesting to contrast the lack of activity of
enantiomeric amides (S)-13 and (R)-13 to the very potent,
structurally homologous nitrile (R)-14, in the single cell
firing model. While the amides both possess high affinity
for the 5-HT;a receptor, they are inactive in single cell
firing.

Hypothermia has been used to evaluate 5-HT';5 ago-
nists for their potential as antidepressants and anxiolytics?
and is used to measure the intrinsic activity of compounds
acting on 5-HT'4 receptors located on presynaptic 5-HT
sites as agonists.?l22 Supporting this is a study where
chronic administration of the tryptophan 5-hydroxylase
inhibitor p-chlorophenylalanine (p-CPA) or the 5-HT
neurotoxin 5,7-dihydroxytryptamine (5,7-DHT) abolished
the hypothermic effect of 8-OH-DPAT by depleting the
synapse of 5-HT.23 However, hypothermia is a nonspecific
in vivo endpoint that is sensitive to both Ds and 5-HT'4
agonists. Since all of the compounds in Table III had
much higher affinity for the 5-HT' 4 receptor than the D,
receptor, it is likely that the hypothermic response in Table
III is due to 5-HT; 5 agonist activity. For (R)-14, which
was one of the most hypothermic agents, the selective
binding to the 5-HT4 receptor was reflected in selective
depression of 5-HT neurons when compared to dopamine
neurons in single cell firing (Table III). It is of value to
note that the (R)-enantiomers, without exception, induced
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Table I1. 5-HT)4 and D, Receptor Binding Affinities, Hypothermia, and Sympathetic Nerve Discharge (SND)

hypothermia (mouse) SND? (cat)
binding affinity® K; & SEM (nM) max® temp EDgo, max® effect, EDso/
compound 5-HT1a D;-dopamine decrease, °C mg/kg sc % control mg/kg iv

buspirone 31x1.0 13+14 1.9 3.0 (1.6-6.1) 43 (£0) 0.08 (0.05~0.14)
8-OH-DPAT 01%0.1 93 =10 4.0 1.0 (0.5-1.8) 0 (0) 0.01 (0.007-0.15)
(R)-12 76%1.0 857 £ 85 2.4 2.3 (1.0-5.5) NTe NT
S)-12 1037 >1667 1.8 17.3 (17.3-17.3) NT NT
(R)-13 1.6x0.2 215 % 12 3.3 0.6 (0.3-1.2) 0 (x0) 0.19 (0.12-0.36)
S)-13 1.9x0.2 >10004 2.2 1.0 (0.5-1.8) 10 (=10) 0.19 (0.15~0.29)
(R)-14 01x0.1 35x25 7.2 0.04 (0.01-0.12) 0 (x0) 0.017 (0.011-0.035)
S)-14 0403 896 = 91 6.3 1.3 (0.8-2.2) 0 (x£0) 0.15 (0.08-0.29)
(R)-18 27%£0.3 389 £ 23 4.0 2.3 (1.3-4.2) 43 (£2) 0.9 (0.6-1.3)
S)-15 53+0.6 >10005 3.3 9.7 (5.2-18.4) 14 (£3) 0.4 (0.1-0.9)
(R)-16 0601 38+33 2.8 9.7 4.4-21.6) 22 (x7) 0.41 (0.1-0.9)
S)-16 108 % 32 914 % 97 2.2 4.1(1.7-9.8) NT NT
(R)-17 0.2%0.0 44£13 6.8 0.13 (0.06-0.31) 0 (x0) 0.01 (0.007-0.15)
9)-17 28%15 >333 3.9 3.1(1.6-6.1) NT NT

¢ All compounds displayed <50% inhibition when tested at 1 uM at the a;-, a2-, and g-adrenergic, opioid, 5-HT5, and cholinergic receptors
using standard *H-labeled ligands; [*H]-8-OH-DPAT binding to bovine hippocampal membranes and [3H]U-86170 binding to D2-dopamine
receptors expressed in CHO K-1 cells. > n = 3 for all compounds except buspirone (n = 6), 8-OH-DPAT (n = 8), (R)-14 (n = 6), and (S)-13
(n = 2). ¢ Maximum obtaintable hypothermic effect, up to 30 mg/kg dose. ¢ EDgo values are followed by 95% confidence intervals. ¢* Maximum
decrease in SND (£SEM) observed at a 1 mg/kg dose. f Dose required to reduce SND to 50% of the pretreatment value, followed by 95%
confidence intervals. £ Not tested. » ICy value, determined from a single experiment.

\f———#_
Y ~ V——___N
Figure 3. MM2 conformational analysis showing the. similar

spatial planar geometry of the amine and the aryl ring (sub-
stituents X, R;, and R, omitted for clarity).

Table II1. Electrophysiological Data for Selected Compounds
EDgo = SEM,2 ug/kg iv, rat (n)

compd 5-HT cells DA cells
buspirone 15.4 £ 5.5 (6) 11.3 £ 4.3 (5)®
8-OH-DPAT 1.6+ 0.6 (7 740 % 470 (6)®
(R)-13 >100 NT*
(S)-13 >100 NT
(R)-14 34+074) 84x12(3)®

¢ Dose toreduce neuronal firing by 50%. ® Antagonist. ¢ Not tested.

agreater hypothermia response than the (S)-enantiomers.
Thisis consistent with the greater 5-HT) 4 receptor binding
affinity of the (R)-enantiomers, and may imply a higher
intrinsic activity for structurally similar (R)-enantiomers,
which is supported by the recent discovery that (R)-8-
OH-DPAT is a full agonist while (S)-OH-DPAT is only a
partial agonist with an intrinsic activity of 0.5.24-26
Furthermore, the 5-fluoro analog of (R)-8-OH-DPAT acts
at the 5-HT), site as an agonist whereas the (S)-antipode
appears to be an antagonist.2’

(R)-14 and (R)-17, both (R)-nitriles, were shown to have
profound hypothermic effects, causing temperature de-
pressions of 7.2 and 6.8 °C, respectively. (R)-14 was also
the most potent compound in this model, with a greater
than 10 times increased potency than all of the other
compounds in Table III, with the exception of the related
nitrile (R)-17. Neither of the analogous amides (R)-13
nor (S)-13 showed good 5-HT,a or D potency in vivo,
when measured on the single cell firing assay (vide supra).
This suggests that the hypothermic activity (which is
allowed alonger time to develop) of these two compounds
may have been due to either metabolic activation into a
5-HT, 4 or D; agonist or, just as likely, blood-brain barrier
pharmakokinetics. Indeed, the carboxamide-substituted
analogs are all quite lipophobic, and may be slow to get
into the brain. Thus our approach to measuring single
cell activity very soon after injection of drug may dis-
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Figure 4. Dose—response curve (SEM) for (R)-14’s effect on
sympathetic nerve discharge (- — -), mean arterial pressure (—),
and heart rate (- -) in the intact cat (n = 8).

criminate against compounds with slow rates of brain
penetration, while the design used in the in vivo models
in Table III allows more time for drug to accumulate in
the brain.

Sympathetic nerve discharge (SND) is affected by
the tonic excitatory input that 5-HT neurons provides to
central sympathetic neurons.?? Thus, monitoring SND
as well as SND inhibition’s effects on mean arterial
pressure (MAP) and heart rate (HR), provides a measure
of the efficacy of 5-HT)s receptor agonists to inhibit
sympathetic nerve activity, a means of determining the
intrinsic activity at the 5-HT s receptor. (R)-14 was again
the most potent, with an EDg, value of 17 ug/kg. Figure
4 shows that (R)-14 was able to completely shut off SND
at a dose of 0.03 mg/kg (iv). Furthermore, following the
time course of SND inhibition with (R)-14 vs 8-OH-DPAT
shows that (R)-14 possesses a much greater pharmaco-
logical half-life, far surpassing that of the prototypical
5-HT), agonist 8-OH-DPAT (Figure 5).

Conclusion

We have reported the synthesis of (R)-14 (U92016A), a
potent, high intrinsic activity 5-HT,a agonist. Related
2-substituted tetrahydro-3H-benz[elindolamines possess
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Figure 5. Comparison of efficacy (xSEM) and duration of action of (R)-14 and 8-OH-DPAT on sympathetic nerve discharge (- - -),

mean arterial pressure (—), and heart rate (- -) in the intact cat (n = 4). Equally effective doses ((R)-14, 100 ug/kg; 8-OH-DPAT, 30
ug/kg iv) were given. Note the difference in the time coordinate scale.

high affinity and selectivity for the 5-HT,a receptor.
Several possess exceedingly high potency and efficacy in
the in vivo models. This was especially true for (R)-14.
The 5-HT) 4 receptor, in both binding affinity and the in
vivo hypothermia model, prefers the (R)-analogs, with the
nitrile-substituted congeners usually possessing signifi-
cantly greater efficacy. The preference for nitrile over
carboxamide functional groups may be due to a lipophilic
pocket in the binding site. These benz[elindoles alsoshow
favorable pharmacokinetics, with good resistance to me-
tabolism?® and excellent in vivo duration of action results
in the SND and hypothermia models. High intrinsic
activity 5-HT) agonists such as (R)-14 may be effacaceous
in the treatment of anxiety and depression.

Experimental Section

Chemistry. Proton and carbon magnetic resonance spectra
were recorded on a Bruker Aspect 3000 spectrometer and are
reported in ppm from trimethylsilane; coupling constants are
reported in hertz. Infrared spectra were obtained using a Digilab
Model FTS-40 spectrophotometer. Mass spectra were obtained
witha Varian MAT CH5-DF spectrophotometer. Melting points
were determined on a Thomas-Hoover capillary melting point
apparatus and are uncorrected. Optical rotations were taken
with a Perkin-Elmer 241 polarimeter.

All reactions were carried out under an atmosphere of nitrogen.
Tetrahydrofuran (THF) was distilled from sodium benzophenone
ketyl. Other solvents were used from freshly opened bottles.
Thin-layer chromatography was performed using Analtech 250
um silica gel GF plates. Flash chromatography was carried out
on EM Reagents silica gel (230400 mesh).

8-Bromo-2-tetralone (4). Aluminum trichloride (456 g, 3.4
mol) was suspended in methylene chloride (3000 mL) and cooled
to -10 °C with an ice/salt bath. 2-Bromophenylacetyl chloride
(200 g, 856 mmol) was added over 1 h. Gaseous ethylene
(approximately 170 g, 6 mol) was bubbled into the solution over
1 h while being stirred rapidly. The solution was stirred for 15
min more, and then 6 N aqueous hydrochloric acid and ice were
added slowly to quench the reaction. The solution was extracted
and separated, and the organic layer was washed with 2 N aqueous
hydrochloric acid, water, saturated aqueous sodium bicarbonate,
and brine. Drying over sodium sulfate followed by solvent
removal in vacuo afforded 273 g of a solid which was pure enough
for further use, if desired. To rid the crude material of the
polymerichydrocarbon material (polyethylene) present, the crude
material was recrystallized from hexane with a trace of toluene
added. The first cropgave 134g (70% yield) of off-white crystals
(mp 73 °C): 'H NMR (300 MHz, CDCl) 4 7.49 (d, 1H, J = 9),
7.19(d, 1H, J = 7), 7.09 (t, 1H, J = 9), 3.67 (s, 2H), 3.09 (t, 2H,

J =6),2.60 (t, 2H, J = 7); IR (mineral oil mull) 2950, 1706, 1563,
1446 cm-1; MS m/e (rel intensity, 70 eV) 226 (M, 80), 224 (M, 82),
184 (95), 182 (100); high resolution calcd 223.9837, found 223.9844.
Anal. (C)cHs0Br) C, H.

(%)-8-Bromo- N-[(S)-a-methylbenzyl]-2-aminotetralin Di-
astereomers (5a and 5b). 8-Bromo-2-tetralone (25 g, 111.1
mmol), (S)-(-)-a-methylbenzylamine (71.5 mL, 555.5 mmol),
acetic acid (80 mL), 4 A molecular sieves (15 mL), THF (125
mL), and methanol (125 mL) were introduced into a flask and
cooled to 0 °C. Sodium cyanoborohydride (15.1 g, 222.2 mmol)
was added in portions over a 15-min period. The slurry was
allowed to stir for 3 h. The slurry was filtered and the solvent
reduced to a syrup by evaporation in vacuo. The residue was
partitioned between ether and 2 N aqueous sodium hydroxide.
The ether layer was washed with water (3X) and brine. After
drying over anhydrous sodium sulfate the solvent was removed
in vacuo. The viscous oil was placed on a flash silica gel column
(5 cm X 50 cm) and eluted with ethyl acetate/hexane (8%) to
separate the higher R; (+)-(2R,S)-diastereomer (5a), which
solidifies upon standing to a waxy solid (17 g, 46 % yield), mp 59
°C. The solvent was changed to ethyl acetate/hexane (12%) to
elute the lower Ry (-)-(2S,S)-diastereomer (5b) (an oil, 16 g, 44%
vield). (+)-(2R,S)-Diastereomer: [a]®p = +49.75°C (¢ = 1.980,
methanol); 'H NMR (300 MHz, CDCly) 4 7.32 (m, 6H), 6.95 (m,
2H), 4.04 (dd, 1H, J = 13.2, 6.6), 2.97-2.68 (m, 4H), 2.43 (dd, 1H,
J=16.9,9),2.07 (m, 1H), 1.53 (m, 1H), 1.35 (d, 8H, J = 6.6), 1.33
(m, 1H); IR (thin film) 3082, 2924, 1561, 1491, 1439 cm~}; MS m/e
(rel. intensity, 70 eV) 331 (M, 50), 224 (30), 209 (42), 130 (95),
129 (100); high resolution caled 329.0780, found 329.0766.
(-)-(28,5)-Diastereomer: [a]?p = -197.96 °C (¢ = 1.370, meth-
anol); TH NMR (300 MHz, CDCl;) 7.37-7.23 (m, 6H), 6.99-6.90
(m, 2H), 4.09 (m, 1H), 3.15 (dd, 1H, J = 16.9, 5), 2.8-2.6 (m, 3H),
2.43 (dd, 1H, J = 16.9, 9), 1.83 (m, 1H), 1.52 (m, 1H), 1.38 (d, 3H,
J =6.6),1.37 (m, 1H); IR (thin film) 3059, 3024, 2959, 1561, 1491,
1439, 1124, 736, 701 cm-!; high resolution calcd 329.0780, found
329.0774. Anal. (C,sH3NBr) C, H, N.

(+)-8-Bromo-N-[(S)-a-methylbenzyl]-2(R)-propionami-
dotetralin [(+)-6a]. (+)-8-Bromo-N-[(S)-a-methylbenzyl]-
2(R)-aminotetralin [(+)-5a] (86.5 g, 262 mmol) was dissolved in
methylene chloride (600 mL) with triethylamine (40 mL, 287
mmol) and cooled to 0 °C. Propionyl chloride (25 mL, 288 mmol)
was added and the solution stirred for 1 h. The reaction was
washed with water, 2 N aqueous hydrochloricacid, water,aqueous
sodium bicarbonate, and brine and then dried over anhydrous
sodium sulfate. Solvent removal in vacuo afforded 100 g (99%
yield) of a yellow solid: mp 124 °C; [a]?5p = +25.1 °C (¢ = 1.08,
CH;0H); 'H NMR (300 MHz, CDCls) 6 7.37-7.26 (m, 5H), 6.93
(m, 3H), 5.16 (m, 1H), 3.29 (m, 1H), 3.25 (m, 1H), 2.87-2.3 (m,
6H), 1.70 (d, 3H, J = 6.6), 1.3 (m, 1H), 1.21 (t, 3H, J = 7.3); IR
(mineral oil) 2783, 1641, 1444, 1437, 1384, 1376, 1277 cm-!; MS
m/e (relintensity, 70 eV) 386 (M, 8), 210 (45), 210 (45), 178 (100),
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129 (50), 105 (95); high resolution calcd 385.1042, found 385.1047.
Anal. (C5HyNOBr) C, H, N.

(-)-8-Bromo-N-[(S)-a-methylbenzyl]-2(S)-propionami-
dotetralin [(-)-6b]. (-)-8-Bromo-N-[(S)-a-methylbenzyl]-2(S)-
aminotetralin [(-)-5b] (69.9 g, 212 mmol) was acylated using the
procedure described above to yield a solid (79 g, 96 % yield): mp
94 °C; [a]®p = -96.4 °C (methanol, ¢ = 1.07); 'H NMR (300
MH:z, CDCl) § 7.45-7.2 (m, 5H), 7.0-6.8 (m, 3H), 5.16 (m, 1H),
3.35 (m, 2H), 2.95-2.3 (m, 6H), 1.8 (m, 1H), 1.67 (d, 3H, J = 6.8),
1.20 (t, 3H, J = 7.1); IR (mineral oil) 2924, 1648, 1438, 1278, 1168,
1025 cm-!; MS m/e (rel intensity, 70 eV) 387 (M, 8), 385 (M, 8),
416 (3), 314 (3), 210 (45), 208 (45), 178 (100), 129 (49), 105 (100);
high resolution calcd 385.1042, found 385.1050. Anal. (CyHo,-
NOBr) C, H, N.

(+)-8-Bromo-N-[(S)-a-methylbenzyl]- N-propyl-2(R)-ami-
notetralin [(+)-7a]. (+)-8-Bromo-N-[(S)-a-methylbenzyl]-
2(R)-propionamidotetralin [(+)-6a] (100 g, 259 mmol) in THF
(500 mL) was added to a slurry of LAH (9.8 g, 257 mmol) in THF
(100 mL). The slurry was refluxed for 3 hand then cooled. Water
(10 mL) was cautiously added, followed by 15 % aqueous sodium
hydroxide (10 mL) and water again (29 mL). The slurry was
filtered through diatomaceous earth and the solvent removed in
vacuo to afford a viscous oil (88.6 g, 92% yield): [a]®p = +72.3
°C (c = 1.03, hexane); 'H NMR (300 MHz, CDClg) 6 7.48 (m, 2H),
7.85-7.15 (m, 4H), 7.05-6.85 (m, 2H), 4.08 (dd, 1H, J = 13.5, 6.7),
2.9 (m, 1H), 2.8-2.5 (m, 6H), 1.95 (m, 1H), 1.7-1.45 (m, 4H), 1.42
d, 3H, J = 6.8), 0.86 (t, 3H, J = 7.0); 13C NMR (partial, 75 MHz,
CDCl) 58.3 (CH), 54.4 (CH), 48.1 (CHy), 34.9 (CH,), 30.5 (CHy),
26.1 (CH,), 24.1 (CHy), 19.5 (CHjy), 11.7 (CHj3); IR (thin film)
2960, 1600, 1491, 1438, 1268 cm-!; MS m/e (rel intensity, 70 eV)
373 (M, 8), 371 (M, 8), 358 (5), 356 (5), 344 (14), 342 (14), 293 (9),
264 (10), 240 (15), 238 (15), 105 (100); high resolution calcd
371.1249, found 371.1260. Anal. (C;HyNBr) C, H, N.

(-)-8-Bromo- N-[(S)-a-methylbenzyl]-N-propyl-2(S)-ami-
notetralin[(-)-7b]. (-)-8-Bromo-N-[(S)-a-methylbenzyl]-2(S)-
propionamidotetralin [(-)-6b] (79 g, 204 mmol) was reduced in
the manner described above to yield 48 g (63% yield) of an oil:
[a]%p =-109.3°C (c = 1.27, MeOH); '"H NMR (300 MHz, CDCl;)
4 7.45-7.15 (m, 6H), 7.1-6.8 (m, 2H), 4.04 (m, 1H), 3.05-2.5 (m,
7H), 1.65 (m, 1H), 1.55-1.4 (m, 2H), 1.43 (d, 3H, J = 6.9), 1.25
(m, 1H), 0.85 (t, 3H, J = 7.1); 13C NMR (partial, 75 MHz, CDCls;)
4 57.7 (CH), 54.4 (CH), 47.7 (CH,), 34.2 (CHy), 30.6 (CH,), 27.3
(CHp), 24.1 (CHy), 18.0 (CHy), 11.7 (CHy); IR (thin film) 2959,
1559, 1492, 1438, 1367, 1077 cm-1; MS m/e (rel intensity, 70 eV)
373 (M, 4), 371 (M, 4), 358 (3), 356 (3), 344 (10), 342 (10), 240 (13),
238 (13), 228 (10), 226 (10), 210 (16), 208 (16); high resolution
caled 371.1249, found 371.1226. Anal. (CyHxNBr) C, H, N.

(+)-8-Formyl-N-[(S)-a-methylbenzyl]- N-propyl-2(R)-ami-
notetralin [(+)-8a]. (+)-8-Bromo-N-[(S)-a-methylbenzyl}-N-
methylbenzyl}-N-propyl-2(R)-aminotetralin [(+)-7a] (30 g, 80
mmol) and THF (200 mL) were cooled to -78 °C. tert-
Butyllithium (102.9 mL of a 1.7 M solution in pentane) was added
over 5 min. The dark solution was stirred for 5 min more and
then quenched with dimethylformamide (30 g, 410 mmol). The
solution was allowed to warm to 0 °C, whereupon it was quenched
with water. The reaction was partitioned between ether and
water, by washing the ether layer with water (4X). The solution
was washed with brine and dried over anhydrous sodium sulfate.
Solvent removal in vacuo afforded the product as an oil (24 g,
93% yield): [a]®p = +101.5 °C (¢ = 3.725, CHCl3); 'H NMR
(300 MHz, CDCly) ¢ 10.27 (s, 1H), 7.60 (m, 1H), 7.38-7.20 (m,
5H), 7.06 (m, 2H), 4.04 (m, 1H), 3.4 (m, 1H), 3.1-2.9 (m, 1H),
2.85-2.5 (m, 4H), 1.7 (m, 1H), 1.65-1.4 (m, 4H), 1.41 (t, 3H, J =
6.8), 0.83 (dd, 3H, J = 13.9, 7.2); IR (thin film) 2960, 1698, 1582,
1452, 1369 cm-!; MS m/e (rel intensity, 70 eV) 321 (M, 8), 306
(8), 293 (40), 278 (15), 264 (45), 251 (10), 236 (12), 188 (70), 105
(100). Anal. (C22H2NO) C, H, N.

(-)-8-Formyl- N-[(S)-a-methylbenzyl]- N-propyl-2(S)-ami-
notetralin [(-)-8b]. (-)-8-Bromo-N-[(S)-a-methylbenzyl]-N-
propyl-2(S)-aminotetralin [(-)-7b] (30 g, 80 mmol) was formylated
using the procedure described above to give an oil (25.5 g, 9%
yield): [a]%p=-110.7°C (c = 3.84, CHCl3); '"H NMR (300 MHz,
CDCls) 6 10.24 (s, 1H), 7.6 (d, 1H, J = 6), 7.43 (m, 2H), 7.31-7.18
(m, 4H), 7.0 (m, 1H), 4.1 (m, 1H), 3.2 (m, 1H), 3.05-2.7 (m, 4H),
2.7-2.5 (m, 2H), 2.0 (m, 1H), 1.7 (m, 1H), 1.6-1.45 (m, 2H), 1.42
(d, 8H, J = 6.9), 0.86 (t, 3H, J = 7.1); IR (thin film) 2960, 1698,
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1582, 1452, 1369, 1229; MS m/e (rel intensity, 70 eV) 321 (M, 5),
306 (5), 293 (35), 278 (8), 264 (50), 251 (7), 236 (10); high resolution
caled 321.2093, found 821.2086. Anal. (C3Hy»NO) C, H, N.

(+)-8-[(2)-2-Azido-3-methoxy-3-oxopropenyl]- N-[(S)-a-
methylbenzyl]- N-propyl-2(R)-aminotetralin [(+)-9a]. (+)-
8-Formyl-N-[(S)-a-methylbenzyl}-N-propyl-2(R)-aminotetra-
lin [(+)-8a] (32 g, 99.7 mmol), methyl azidoacetate (46 g, 400
mmol), ether (50 mL), and methanol (300 mL) were cooled to -5
°C. Sodium methoxide (91.1 mL, 400 mmol, of a 25% w/w
solution in methanol) wasslowly added. Thereaction wasallowed
to warm slowly in a 25 °C water bath. After 1 h at 25 °C, the
solution was cooled to 0 °C and saturated aqueous ammonium
chloride added. The reaction was rapidly partitioned between
ether and 10% aqueous sodium carbonate (to neutralize the
ammonium chloride). The ether layer was washed with water
(5X) and brine. The solution was dried over anhydrous sodium
sulfate and stripped of solvent in vacuo to afford a liquid. This
was simply filtered through a flash silica gel column (4 cm X 50
cm) with ethyl acetate/hexane (15:85). The title compound (31.6
g, 76 % yield) was obtained as a viscous oil: 'H NMR (300 MHz,
CDClg) 6 7.63 (d, 1H, J = 8), 7.4-7.2 (m, 5H), 7.11 (m, 2H), 7.01
(d, 1H, J = 8.1), 4.05 (m, 1H), 3.95 (s, 3H), 3.0 (m, 1H), 2.75-2.5
(m, 5H), 1.65 (m, 1H), 1.6-1.48 (m, 2H), 1.43 (d, 3H, J = 6.6),1.28
(m, 2H), 0.86 (t, 3H, J = 7.1); IR (thin film) 2995, 2150, 1718,
1600, 1500, 1390 cm-!; MS m/e (rel intensity, FAB) 419 (M + H,
28), 418 (M, 5), 389 (6), 332 (4), 287 (7), 257 (6), 105 (100).

(-)-8-[(Z)-2-Azido-3-methoxy-3-oxopropenyl]-N-[(S)-a-
methylbenzyl]- N-propyl-2(S)-aminotetralin [(-)-9b]. (-)-
8-Formyl-N-[(S)-a-methylbenzyl}-N-propyl-2(S)-aminotetra-
lin [(-)-8b] (26.4 g, 82 mmol) was condensed with methyl
azidoacetate in the manner described above. Thetitle compound
was obtained as an oil (22.8 g, 67% yield): 'H NMR (300 MHz,
CDCl3) 5 7.62 d, 1H, J = 7.5), 7.42 (d, 2H, J = 7.4), 7.31-7.17
(m, 3H), 7.10 (t, 1H, J = 7.2), 7.02 (d, 1H, J = 7.2), 7.00 (s, 1H),
4.08 (m, 1H), 3.95 (s, 3H), 3.0 (m, 1H), 2.9-2.7 (m, 2H), 2.7-2.55
(m, 4H), 2.0 (m, 1H), 1.65 (m, 1H), 1.55-1.4 (m, 2), 1.41 (d, 3H,
J =1.1),0.86 (t, 3H, J = 7.2); IR (thin film) 2995, 2150, 1710,
1600, 1425, 1380 cm-1; MS m/e (rel intensity, FAB) 419 (M + H,
32), 391 (5), 362 (4), 294 (30).

(+)-2-Carbomethoxy-N-[ (S)-a-methylbenzyl]-N-propyl-
8(R)-amino-6,7,8,9-tetrahydro-3 H-benz[elindole [(+)-10a].
(+)-8-[(Z)-2-Azido-3-methyl-3-oxopropenyl}-N-[(S)-a-methyl-
benzyl]-N-propyl-2(R)-aminotetralin [(+)-9a] (36 g, 86 mmol)
and toluene (800 mL) were brought to reflux for 1.5 h. The
solution was cooled and stripped of solvent. The residue was
crystallized from cyclohexane to obtain a white solid (17.7 g,
53% yield): mp 115 °C; [a]%p = +125.03 °C (CHClg, ¢ = 1.92);
1H NMR (300 MHz, CDCl) 8.8 (bs, 1H), 7.41 (d, 2H, J = 7.1),
7.35-7.15 (m, 5H), 6.99 (d, 1H, J = 8.4), 4.1 (dd, 1H, J = 13, 7),
3.94 (s, 3H), 3.2-2.5 (m, 7TH), 1.78 (m, 1H), 1.72-1.55 (m, 3H),
1.44 (d, 8H, J = 7.1), 0.86 (t, 3H, J = 7.1); IR (mineral oil mull)
3170, 2995, 1697, 1500, 1250, 1204 cm-1; MS m/e (rel intensity,
70eV) 390 (M, 50), 375 (5), 361 (45), 285 (32), 257 (50), 105 (100).
Anal. (Cy5HgN20,) C, H, N.

(-)-2-Carbomethoxy-N-[(S)-a-methylbenzyl]-N-propyl-8-
(S)-amino-6,7,8,9-tetrahydro-3 H-benz[ elindole [ (-)-10b]. (-)-
8-[(Z)-2-azid 0-3-methoxy-3-oxopropenyl]}-N-[(S)-a-methylbenzyi]-
N-propyl-2(S)-aminotetralin [(-)-9b] (22 g, 52 mmol) was
thermolyzed using the conditions described above. The product
was obtained as a white solid (10.1 g, 50% yield): mp 122 °C;
[a]?5e9 =-168.1°C (¢ = 1.13, CHCly); TH NMR (300 MHz, CDCly)
4 8.8 (bs, 1H), 7.56-7.4 (m, 2H), 7.35-7.0 (6H), 4.11 (m, 1H), 3.93
(s, 3H), 3.05 (m, 1H), 2.95-2.75 (m, 3H), 2.74-2.5 (m, 3H), 2.05
(m, 1H), 1.85 (m, 1H), 1.55-1.4 (m, 2H), 1.43 (d, 3H, J = 6.8),0.88
(t,3H, J = 7.1); IR (mineral oil mull) 3350, 2995, 1704, 1505, 1200
cm-!; MS m/e (rel intensity, 70 eV) 390 (M, 53), 375 (5), 361 (48),
285 (24), 257 (35), 228 (40), 105 (100); high resolution caled
390.2307, found 390.2305. Anal. (CzH3N20;) C, H, N.

(+)-2-Carbamoyl-N-[(S)-a-methylbenzyl]-N-propyl-8(R)-
amino-6,7,8,9-tetrahydro-3H-benz[elindole [(+)-11a]. (+)-
2-Carbomethoxy-N-[(S)-a-methylbenzyl]-N-propyl-8(R)-amino-
6,7,8,9-tetrahydro-3H-benz[e]indole [(+)-10a] (70 g, 179 mmol)
dissolved in THF (15 mL) was added to a saturated solution of
ammonia in methanol (100 mL) containing sodium cyanide (219
mg, 0.03 mol equiv). This solution was heated in a pressure
reactor at 95 °C for 5 days. The solution was cooled and the
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solvent removed in vacuo. Flash chromatography (230-400 mesh
silica gel) with ethyl acetate/hexane afforded a white powder (61
£ 91% yield): mp 235 °C; [a]?®p = +107.3 °C (c = 1.95, MeOH);
1H NMR (300 MHz, CDCly) 9.45 (bs, 1H), 7.40 (d, 2H, J = 6.8),
7.3-7.1 (m, 4H), 6.96 (d, 1H, J = 7.0), 6.89 (s, 1H), 6.02 (bs, 2H),
4.09 (m, 1H), 3.2-3.05 (m, 1H), 3.05-2.5 (m, 6H), 1.7 (m, 1H),
1.65-1.55 (m, 1H), 1.55-1.47 (m, 2H), 1.44 (d, 3H, J = 7.1), 0.86
(t, 3H, J = 7.2); IR (mineral oil mull) 3322, 1658, 1599, 1444,
1418, 1345 cm-1; MS m/e (rel intensity, 70 eV) 375 (M, 52), 360
(7), 346 (40), 270 (29), 253 (10), 242 (55); high resolution caled
375.2310, found 275.2310. Anal. (C,HzsN3O) C, H, N.
(-)-2-Carbamoyl-N-[(S)-a-methylbenzyl]- N-propyl-8(S)-
amino-6,7,8,9-tetrahydro-3 H-benz[ e]lindole [(-)-11b]. (-)-2-
Carbomethoxy-N-[(S)-a-methylbenzyl}-N-propyl-8(S)-amino-
6,7,8,9-tetrahydro-3H-benz[e]indole [(-)-10b] (14.3 g, 36.7 mmol)
was treated with ammonia using the procedure described above.
The amide was obtained as needles (12 g, 87% yield): mp 140
°C; [a]2p = —206.17 °C (¢ = 0.875, MeOH); 'H NMR (300 MHz,
CDCly) 6 9.56 (bs, 1H), 7.48 (d, 2H, J = 7.3), 7.3-7.15 (m, 4H),
6.97 (d, 1H, J = 8.5), 6.82 (s, 1H), 6.09 (bs, 2H), 4.12 (dd, 1H, J
=13,6.7), 3.08 (m, 1H), 2.85 (m, 4H), 2.75-2.67 (m, LH), 2.65-2.5
(m, 1H), 2.07 (m, 1H), 1.75 (m, 1H), 1.6-1.55 (m, 2H), 1.44 (d,
3H, J = 7.1), 0.88 (t, 3H, J = 7.2); IR (mineral oil mull) 3214,
2922, 1652, 1618, 1589, 1441, 1417, 1346 cm-l; MS m/e (rel
intensity; 70 eV) 375 (M, 60), 360 (9), 346 (45), 270 (30), 253 (10),
242 (50), 213 (35), 105 (100). Anal. (C,Hx%N30) C, H, N.
(+)-(R)-2-Carbamoyl- N-propyl-8-amino-6,7,8,9-tetrahydro-
3H-benz[elindole [(R)-12]. (+)-2-Carbamoyl-N-[(S)-a-meth-
yibenzyl}-N-propyl-8(R)-amino-6,7,8,9-tetrahydro-3H-benz[e]-
indole [(+)-11a] (12g, 32 mmol), 12 N aqueous hydrochloric acid
(2.66 mL, 32 mmol), 10% palladium/carbon (2.5 g), 20%
palladium hydroxide/carbon (0.5 g), water (10 mL), THF (20
mL), and methanol (150 mL) were placed in a Parr bottle and
hydrogenated at 50 psi for 12 h. Diatomaceous earth was added
and the slurry was filtered. Sodium hydroxide (1.33 g, 33.2 mmol)
was added. Most of the solvent was removed in vacuo. Water
(100 mL) was added and again most of the solvent was removed
in vacuo. This procedure was repeated again, the water being
stripped off until 250 mL remained. The white powder was
filtered, washed with water, and then dried in vacuo to afford a
white solid which was recrystallized from methanol/hexane (8.9
g, 100% yield): mp 230 °C; [a]®s = +69.4 °C (¢ = 0.535,
methanol); 'H NMR (300 MHz, CD4OD) é 7.19 (d, 1H, J = 8.4),
7.10 (s, 1H), 6.95 (d, 1H, J = 8.1), 3.25 (m, 1H), 3.0-2.7 (m, 3H),
2.69 (t,2H, J = 7), 2.55 (m, 1H), 2.12 (m, 1H), 1.65-1.5 (m, 3H),
0.98 (t, 3H, J = 7.1); IR (mineral oil mull) 3320, 3150, 3080, 1672,
1619, 1526, 1429, 1345 cm-!; MS m/e (rel intensity, 70 eV) 271
(M, 100), 254 (5), 242 (42), 228 (18), 213 (31), 195 (50), 186 (70);
high resolution caled 271.1685, found 271.1682. Anal. (Cye-
H;N:0) C, H, N.
(+)-(R)-2-Carbamoyl-N,N-dipropyl-8-amino-6,7,8,9-tet-
rahydro-3 H-benz[elindole [(R)-13]. (+)-(R)-2-Carbamoyl-N-
propyl-8-amino-6,7,8,9-tetrahydro-3H-benz[e]indole [(R)-12] (40
g, 148 mmol) was mixed with sodium carbonate (31.3 g, 377 mmol),
bromopropane (53 mL, 583 mmol), acetonitrile (300 mL), and
DMF (100 mL) and heated to reflux for 18 h. The slurry was
cooled and poured into methylene chloride and washed with water
(2X) and brine. The organic layer was dried over anhydrous
sodium sulfate and the solvent removed in vacuo to afford a
white solid (44 g, 95% yield), which crystallized from methanol/
ether as the hydrochloride salt: mp 302 °C dec; [a]®sg = +88.0
°C (¢ = 0.835 methanol); 'H NMR (300 MHz, CDCly) 7.21 (d, 1H,
J =8.4),6.99 (d, 1H, J = 8.2), 6.93 (s, 1H), 3.12 (m, 2H), 2.9 (m,
3H), 2.57 (dd, 4H, J = 14, 6.3), 2.1 (m, 1H), 1.68 (m, 1H), 1.5 (m,
4H), 0.91 (t, 6H, J = 7.3); 1*C NMR (partial, 75 MHz, CDClg) 6
135.0 (C), 129.0 (C), 127.6 (C), 126.3 (CH), 109.8 (CH), 101.9
(CH), 56.7 (CH), 52.8 (CHy), 29.9 (CHy), 28.9 (CH>), 25.9 (CH»),
22.0 (CHy), 11.9 (CHjy); IR (mineral oil mull) 3220, 2995, 1654,
1602, 1528, 1347 cm-1; MS m/e (rel intensity, 70 eV) 313 (M, 45),
284 1\5100)’ 213 (40), 196 (23). Anal. (CysH27N3O-HCI-0.5H;) C,
(+)-(R)-2-Cyano-N,N-dipropyl-8-amino-6,7,8,9-tetrahydro-
3H-benz[elindole[(R)-14]. (+)-(R)-2-Carbamoyl-N,N-diprop-
yl-8-amino-6,7,8,9-tetrahydro-3H-benz[ e]indole [(R)-18] (1.5 g,
4.8 mmol) was dissolved in THF (25 mL). Burgess’ reagent (2.9
g 12 mmol) was added in portions over a 20-min period. The
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reaction was allowed to stir for 3h. The reaction was partitioned
between 10% aqueous sodium carbonate and ether. The ether
layer was washed with water and brine. After drying over
anhydrous sodium sulfate the solvent was removed in vacuo to
afford a white solid (1.4 g, 99% yield), m.p. 134 °C. Freebase:
[a]®se = +104 °C (¢ = 1.50, methanol). The product was
crystallized as the hydrochloride salt from methanol/ether: mp
308 °C; H NMR (300 MHz, CDCly) 6 9.1 (bs, 1H), 7.17 (d, 1H,
J=17.17,7.15(s,1H),7.08 (d, 1H, J = 7.6), 3.07 (m, 2H), 2.91 (m,
3H), 2.55 (t, 4H, J = 7.5), 2.1 (m, 1H), 1.65 (m, 1H), 1.5 (m, 4H),
0.92 (t,6H, J = 7.3); IR (mineral oil mull) 3131, 2813, 2213, 1462,
1364, 1254 cm-1; MS m/e (rel intensity, 70 eV), 295 (M, 30), 266
(100), 252 (4), 195 (65). Anal. (CygHasNs-HC) C, H, N.

(+)-(R)-2-Carbamoyl-N(cyclopropylmethyl)- N-propyl-8-
amino-6,7,8,9-tetrahydro-3 H-benz[elindole [ (R)-15]. (+)-(R)-
2-Carbamoyl-N-propyl-8-amino-6,7,8,9-tetrahydro-3H-benz[e]-
indole [(R)-12] (2.2 g, 8.2 mmol) was alkylated with (bromo-
methyl)cyclopropane (2.3 mL, 24.6 mmol) in refluxing acetonitrile
(15 mL), with sodium carbonate (680 mg, 8.2 mmol), affording
1.69 g (64% yield) of product. The hydrochloride salt was
crystallized from methanol/ether: mp 309 °C dec; [a]®sp9 =
+138.45 °C (¢ = 0.515, methanol); 'H NMR (300 MHz, CDCls)
4 9.65 (bs, 1H), 7.21 (d, 1H, J = 8.4), 7.02 (d, 1H, J = 8.2), 6.90
(s, 1H), 6.15 (bs, 2H), 3.25 (m, 1H), 8.11 (m, 1H), 2.93 (m, 3H),
2.62-2.42 (m, 4H), 2.08 (m, 1H), 1.59-1.51 (m, 3H), 0.90 (m, 1H),
0.92 (t, 3H, J = 7.1), 0.52 (m, 2H), 0.14 (m, 2H); IR (mineral oil
mull) 3280, 2990, 1670, 1600, 1510 cm-!; MS m/e (rel intensity
70 eV) 325 (M, 55), 296 (100), 270 (8), 253 (5), 213 (30). Anal.
(CoHgN3;0-HC10.5H,0) C, H, N.

(+)-(R)-2-Carbamoyl-N-[4-(4,4-dimethy]-2,6-dioxopiperi-
din-1-yl)butyl]}-N-propyl-8-amino-6,7,8,9-tetrahydro-3 H-benz-
[elindole [(R)-16]. (+)-(R)-2-Carbamoyl-N-propyl-8-amino-
6,7,8,9-tetrahydro-3H-benz[e]indole [(R)-12] (2.2 g, 8.2 mmol)
was alkylated with 4-(4,4-dimethyl-2,6-dioxopiperidin-1-yl)-n-
butyliodide (5.06 g, 15.6 mmol) in refluxing acetonitrile (20 mL)
with sodium carbonate (1.29 g, 15.5 mmol). The product was
obtained as an oil (2.97 g, 78% yield). The hydrochloride salt
was crystallized from 2-propanol/ether: mp = 210 °C dec; [a]%ss9
= +64.8 °C (¢ = 0.72, methanol); 'H NMR (300 MHz, CD;0OD)
517.18 (d, 1H, J = 8.5), 7.11 (s, 1H), 6.92 (d, 1H, J = 8.2), 3.77
(t,2H, J = 6.8), 3.156~2.7 (m, 5H), 2.65-2.52 (m, 4H), 2.50 (s, 4H),
2.08 (m, 1H), 1.65-1.45 (m, 7H), 1.00 (s, 6H), 0.92 (t, 3H, J = 7.3);
IR (mineral oil mull) 3267, 2925, 1728, 1663, 1604, 1349, 1272,
MS m/e (rel intensity, 70 eV) 466 (M, 30), 437 (60), 284 (100),
253 (8), 213 (70), 196 (50). Anal. (CzHgsN(OsHC)) C, H, N.

(+)-(R)-2-Cyano-N-[4-(4,4-dimethyl-2,6-dioxopiperidin-1-
y1)butyl]- N-propyl-8-amino-6,7,8,9-tetrahydro-3 H-benz[ e]-
indole [(R)-17]. (+)-(R)-2-Carbamoyl-N-[4-(4,4-dimethyl-2,6-
dioxopiperidin-1-yhbutyl}-N-propyl-8-amino-6,7,8,9-tetrahydro-
3H-benz[elindole [(R)-16] (1.53 g, 3.30 mmol) was dehydrated
with Burgess’ reagent (1.95 g, 8.19 mmol) in methylene chloride
(10mL) and THF (6 mL) at 25 °C. The organic layer was washed
with saturated aqueous sodium bicarbonate, water, and brine.
Drying over sodium sulfate and solvent removalin vacuo afforded
afoam. This was purified using flash chromatography (230-400
mesh silica gel), eluting with ethyl acetate/hexane (1:1) to afford
afoam (1.32 g, 86 % yield). The product was crystallized as the
hydrochloride salt from methanol/ether: mp 220 °C; [a]%p =
+71.2 °C (¢ = 0.527, MeOH); 'H NMR (300 MHz, CDCly) 8.75
(bs, 1H), 7.18 (s, 1H), 7.16 (d, 1H, J = 8.1), 7.08 (d, 1H, J = 8.2),
3.80 (t, 2H, J = 6.7), 3.1-2.95 (m, 2H), 2.9-2.7 (m, 3H), 2.6-2.5
(m, 4H), 2.51 (s, 4H), 1.7-1.4 (m, 7H), 1.07 (s, 6H), 0.89 (t, 3H);
IR (mineral oil mull) 3295, 2221, 1724, 1663, 1437, 1361, 1272,
1128. MS m/e (rel intensity, 70 eV) 448 (M, 20), 419 (55), 226
(100), 195 (67). Anal. (CyyHs;:N(O,CLFHCH C, H, N.

X-ray single-crystal structure determination of
(-)-(28,8)-6b: C2H,NOBTr; space group, P2,2,2;, cell param-
eters,a = 7.125(3) A, b = 14.664(3) A, ¢ = 17.790(2) A; molecular
weight = 615.33; Z = 4; calculated density = 1.3735 g/cm% R =
0.042 for the final least squares refinement.

A clear, prism-shaped crystal (0.15 X 0.15 X 0.3 mm) was
selected and mounted on a glass fiber. The data was collected
on a Simens P2, X-ray diffractometer controlled by a Harris
computer, at low temperature (-130 °C), with graphite-mono-
chromatized Cu Ka radiation [A(Cu Ka) = 1.5405 A]. All 1832
unique reflections were measured to a 20, of 138 °C for Laue
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group mmm; 1730 intensities were >30. The 6/20 step-scan
technique was used with a scan speed of 4.0 °C/min and a scan
width of >3.4°C. Tenreflections periodically monitored showed
no trend toward deterioration. Standard deviations in the
intensities were approximated from the following equation: o2-
(D) = 02(Dcounting statistics + (0.01161)2, where the coefficient I was
calculated from the variation in intensities of the monitored
reflections. Cell parameters were determined by least-squares
fit of Cu Ka; 26 values [A(Cu Kay) = 1.5402 A] for 25 high-260
reflections. Lp corrections appropriate for a monochromator
with 50% perfect character were applied. The calculated overall
absorption coefficient was 1.3/mm.

The structure was solved by direct methods, using RANTAN.
The trial solution obtained the Br atomic position. Subsequent
Fourier transform found the rest of the 23 nonhydrogen atoms.
A total of 19 of 24 hydrogen atoms were clearly shown in difference
Fourier maps. The remaining five hydrogens were generated
according to the molecular geometry. Least-squares refinement
included coordinates and anisotropic thermal parameters of all
non-hydrogen atoms. No hydrogen atoms were refined. The
function minimized in the refinement was Lw(F,2 - F.2)?, where
weights w were 1/02(F,2). Atomic form factors were from Doyle
and Turner® and, for hydrogen, from Stewart, Davidson, and
Simpson.®! In the final refinement cycle, all shifts were <0.04¢
for non-hydrogen atoms. R = 0.42, S = 4.24, wg = 0.103; final
difference Fourier peaks were 0.54 ¢ A-3. Centrosymmetrically
related pairs of 15 enantiomer sensitive reflections were measured,
and all data confirmed the assignment of the absolute config-
uration, The CRYM system of computer programs was used.
Coordinates for the X-ray structure are in the supplementary
material.

Receptor Binding. ICys values were estimated from a
nonlinear singlesite fit to data obtained from competition binding
experiments employing at least 10 drug concentrations run in
duplicate. The radioligands used were [*H]-8-OH-DPAT (164.5
Ci/mmol, 1 nM) and [#H]U-86170 (86.1 Ci/mmol, 1.7 nM).
5-HT, receptors were assayed in bovine hippocampal prepa-
rations. D2-dopamine receptors were either from human clones
expressed in CHO K1 cells’ or from rat striatal membranes.
Dissociation constants (K;) were calculated with the Cheng and
Prusoff equation.®® The data in Table I are in nM £+ SEM.

Electrophysiology. Upjohn male Sprague-Dawley rats, 250—
350 g were anesthetized with chloral hydrate (400 mg/kg).3
Extracellular action potentials were recorded with a glass
microelectrode (tip size < 1 um) filled with pontamine sky blue
dyein 2 M NaCl. Standard electrophysiological techniques were
used to record firing rates of SHT cells in the dorsal raphe (DR)%
and DA cells in the substantia nigra pars compacta (SNPC).3%
At the termination of each recording session, the location of each
cell was identified by passing 10 xA cathodic current through the
recording electrode for 10-20 min. The brain was then removed,
fixed in 10% formalin, sectioned, and stained, and the location
of the pontamine sky blue mark within DR, MnR, LC, or SNPC
was determined for each animal. The dose required to inhibit
neuronal activity by 50% is defined as the EDsgo.

Hypothermia. Rectal temperatures were measured in Charles
River mice, 18-22g, individually housed in clear plastic chambers,
following 0.1-mL sc drug injections. Dose-response curves were
measured by noting how many of four mice had >1.1°C decreases
with each dose (half-log intervals) 20 min following injection.
Spearman—Karber statistics3” were used to estimate EDgy’s. The
mean maximum temperature drop recorded at 20 min was noted
as a crude index of drug efficacy and indirect measure of intrinsic
activity.

Sympathetic Nerve Discharge. Mongrel cats (2.5-4.0 kg)
were anesthetized with an intravenous injection of chloralose (80
mg/kg) and placed in a stereotaxicapparatus. The femoral artery
and vein were cannulated in order to monitor arterial blood
pressure and for intravenous drug injections, respectively. A
glass trachea tube was inserted and rectal temperature was
maintained using a heating pad and/or lamp. Animals were
allowed to breath spontaneously. Sympathetic nerve discharge
(SND) was recorded under mineral oil from the isolated left
inferior cardiac nerve using a bipolar platinum electrode with
capacity coupled preamplification at low and high frequency half-
amplitude responses at 1 and 500 Hz, respectively. Sympathetic
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nerve discharge was quantitated using cumulative integration
(i.e. summation of voltage contained in sympathetic slow waves).
Mean arterial pressure (MAP), HR, and SND were allowed to
equilibrated for 1 h after surgery. Pretreatment values for
sympathetic nerve discharge were averaged over the last 10 min
of the equilibration period. A cumulative dose—response curve
was constructed to determine the effects of a compound on SND.
The starting dose of a compound was 0.01 mg/kg iv, and the
cumulative dose of the drug being tested was increased every 20
min to achieve total cumulative dose of 0.03, 0.1, 0.3, and 1.0
mg/kgiv. The effects of the compound on SND were determined
15-20 min after each dose. Following the last dose of an agent,
the 5-HT, antagonist spiperone was administered intravenously
at a dose of 1 mg/kg. -

Supplementary Material Available: A table of C, H, N
analyses and high resolution mass spectrum data, as well as X-ray-
determined tables of fractional coordinates, bond lengths and
angles, and anisotropic thermal parameters are available (3 pages).
Ordering information is given on any current masthead page.
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